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Editorial on the Research Topic

Understanding and promoting factors which a�ect healthy ageing:

physical activity, sleep patterns and nutritional habits

Introduction

Modern problems caused by an inactive lifestyle represent the general framework of

civilization. The obesity epidemic, based on the latest NCD-RisC study of 2024, revealed

that more than 1 billion people in the world are now living with obesity, about 880

million adults and 159 million children (1). From a global perspective, factors associated

with multiple risk behaviors are linked to the future development of non-communicable

diseases (NCDs) (2). The issue of healthy aging is a topic that needs interdisciplinary

perspectives. Further progress in adopting an active lifestyle requires an analysis of the

modernman’s lifestyle and changes in his/her daily routines and habits at work, during free

time, in performing some physical activity, in sleep and in nutrition. These changes occur

under the influence of technological progress but also unexpectedly (as in the case of the

COVID-19 pandemic). Synchronizing circadian clocks requires a broader discussion about

physical activity, sleep, and nutrition to identify novel disease interventions (3). Raising

awareness of healthy lifestyle habits could significantly reduce costs, so governments should

consider and incorporate them into various regulations and policies (4). In addition, sleep

patterns are considered a vital factor in promoting health, with research highlighting the

importance of addressing sleep disturbances to reduce the risk of medical illnesses such as

cardiovascular disease, cancer, and depression (5).

Therefore, it is necessary to explain, learn about, and understand the mechanisms of

action of factors that influence healthy aging to monitor their changes and to promote

adequate knowledge at different levels of action, from preventive to corrective actions, in

the broader social community. Such knowledge can provide a better understanding of the
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importance of all individual factors and their integral context

and facilitate the promotion and active action of various

social interventions.

This Research Topic provides significant findings that could

have a profound effect on the promotion of social interventions

to activate the principles of active lifestyles and healthy aging

throughout one’s lifespan.

Contribution to the field

The present Research Topic (RT) has been recommended as

a holistic approach to addressing the challenges of healthy aging

(HA). The articles in this RT covered physical activity, sleep

patterns, and dietary habits as critical contextual factors that affect

healthy aging. This editorial presents a unique form of scientific

reasoning regarding HA by examining the social environment and

community issues in context. The purpose of this RT is to propose

contemporary knowledge for understanding and promoting HA.

As the primary outcome, this RT consists of 24 articles. All of

the published papers tried to enlighten the readers about this

multidisciplinary topic from different perspectives. The Research

Topic with the theme “Understanding and promoting factors which

affect healthy ageing: physical activity, sleep patterns, and nutritional

habits” is an attempt by the editors to use a holistic approach

to integrate all essential human routines during everyday life in

the context of healthy aging. This Research Topic provided an

opportunity to gather insights from different perspectives, and the

articles compiled offer a scientific argumentation that summarizes

four key topics: (1) active lifestyle and healthy aging; (2) physical

activity and sleep patterns—napping, sleep, and cognitive health;

(3) physical activity, sleep patterns, and cognitive function, and

(4) social environment and community factors—community-based

care, dietary habits, and public health strategies.

Active lifestyle and healthy aging

First, Wu D. et al. presented valuable findings emphasizing the

importance of maintaining a healthy lifestyle to slow biological

aging. In addition, He, Le et al. identified methods for selecting

markers of aging (physiological, biochemical, and molecular

indicators) and established the framework for screening such

markers. An examination of the meta-analysis by Sun et al.

about the effects of exercise training on increasing skeletal muscle

iNAMPT levels showed that exercise supports cellular energetics

and overall health span. The authors suggest that exercise should

be recommended as a natural slow-aging approach. Continuing in

the context of the findings from their previous research, Wang X.

et al. identified three different lifestyle categories in older adults:

relatively positive, mixed, and relatively negative. Each type of

improvement in these categories increases the physical, mental, and

self-rated health of older adult respondents. The authors suggested

that older adults adopt a positive lifestyle with all the advantages of

their intelligent model. As a good tool for maintaining a healthier

lifestyle, Martín et al. emphasized the use of fitness apps in multiple

facets of people’s everyday routine activities.

Lima de Oliveira et al. confirmed that the level of physical

activity and sedentary behavior are independent predictors of

mortality. Hypertension, a leading risk factor formortality, requires

a multicomponent management approach. Thus, Zhang et al.,

conducted China’s Health and Retirement Longitudinal Study, and

used a Bayesian network model to determine the factors related to

heart attacks complicated with hypertension (HAH). Results from a

large data sample showed that age, sleep duration, physical activity,

and self-reported variables were directly associated with HAH.

Based on these findings, the authors concluded that the Bayesian

network model offers valuable information about HAH risk with

possible implementation in monitoring this health problem. Based

on the findings, from both studies, the level of physical activity

can be covered by the regular daily routine and by performing

some housework to preserve the physical function in older people.

Furthermore, Xiao et al. recommended ancient methods as tools

to fight cardiovascular diseases. The authors advocate for a

“zero–one–all things” approach, where “zero” represents physical

inactivity and hypertension, and “one” refers to an “inclusive and

culturally appropriate exercise training cocktail.” In this context,

“all things” represents the approach of an active lifestyle and

healthy aging.

Physical activity, mental health, and sleep
patterns—Napping, sleep, and cognitive
health

Several authors have tried to explain the relationship between

physical activity, physical frailty, and depressive symptoms in

adults aged 60 years and older. Wang Y. et al. concluded that

gender differences exist in these types of relationships. From a

male perspective, findings on grip strength and gait ability could

be quality indicators of frailty for predicting depressive symptoms.

From a female perspective, the results showed that physical activity

is very beneficial. As a good strategy to prevent depression in older

adults (≥65), Chen et al. recommended collecting a higher amount

of moderate-to-vigorous than light physical activity during the day.

Similarly, accumulating more daily MVPS can reduce the fear of

falling in community-dwelling older women, which Wu S. et al.

suggested in their research. In this process, physical fitness plays

an essential role.

This topic was further pursued with a systematic review by

Sadaqa et al., who presented valuable evidence on the effectiveness

of exercise interventions for fall prevention in community-

dwelling older adults. The authors strongly recommend that these

interventions include physical exercise to improve balance, lower

extremity strength, and mobility. Furthermore, Wu J. et al. also

investigated the positive effects of square dance interventions on

sleep quality in middle-aged and older Chinese women. These

effects are based on the mediation of social support and depressive

symptoms. Dózsa-Juhász et al. reported a relationship between

premenstrual syndrome and regular physical activity, mental state,

and stress. It is important to mention that the authors confirmed

the negative correlation between regular physical activity and

perceived stress levels.
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Finally, Yu et al. proposed specific leisure time activities

beneficial to the mental health of adults. One such activity

recommended by the authors is Guangchangwu, a special

characteristic of Chinese culture.

Physical activity, sleep patterns, and
cognitive function

Several authors have contributed to the understanding of

the interrelations among physical activity, sleep patterns, and

cognitive function. For instance, Tao et al. concluded that adequate

sleep and physical activity can affect cognitive performance. This

relationship is part of a holistic, healthy lifestyle that we strive

to understand. Kimura et al. also made significant contributions,

highlighting the negative relationship between poor sleep quality

and lower levels of physical activity and cognitive ability in

older adults. Their findings have led to the development of

new intervention approaches. In the same vein, Wu H. et al.,

conducted a longitudinal study and confirmed that non-nappers

have progressive odds of cognitive decline. This collaborative

research is shaping our understanding of healthy aging and

reducing the odds of cognitive decline.

Finally, Milot et al. developed a study protocol to evaluate

the efficacy of multimodal home-based videoconferencing

interventions on sleep in older adults. The authors proposed

four subsamples (25 participants per group) of a randomized

controlled trial: (1) a physical exercise training group,

(2) a physical exercise training combined with a bright

light exposure group (n = 25), 3 a galvanic vestibular

stimulation group (n = 25) or a control (i.e., health

education) group (n = 25). The expected results may support

the development of strategies to improve sleep quality in

older adults.

Social environment and community
factors—Community-based care, dietary
habits—Lifelong nutrition and public health
strategies

The social environment and community factors can be

significant strengths or barriers to healthy aging. In this context, we

should consider many sociodemographic characteristics (gender,

age, education, social, and marital status) that explain the time

spent on physical activity, as supported by the findings of

Trujillo-Barberá et al.. Wang Y. et al. considered that the high

quality of home care services for older adults (≥60 years)

is determined by factors such as age, marital status, pre-

retirement occupation, source of financial resources, and mode

of residence. Further progress has been made in addressing

emotional needs, reducing the costs of aging, and addressing

balanced and well-integrated healthcare issues. Similarly, He,

Wei et al. confirmed the quality of community home-based

aged care care services. The authors opened the discussion

on government health expenditures and recommended the

establishment of a socialized aged care system in China. Finally,

the research by Casals et al. provided practical evidence on

the effects of educational and related programs on improving

physical function, sleep patterns, and nutritional status of

older adults. The authors concluded that this educational

program could significantly promote an active lifestyle in

vulnerable populations.

Conclusion

The diversity of approaches taken by the authors in researching

the topics of this Research Topic confirms the complexity of

establishing essential life principles and adopting active lifestyle

strategies in the context of healthy aging. The use of the

collected knowledge and its application at the family, school,

and social levels offers the potential to improve each of the

examined factors (physical activity, sleep characteristics, and

eating habits) both separately and integrally. Such applications

can contribute to the spread of a positive influence on

the determinants of everyday life and its environmental and

community factors. Finally, following the ongoing efforts to

improve legal regulations and conditions at the community

level, a significant focus is on the impact of promoting

healthy aging.
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Physical training improves physical 
activity levels but is associated 
with amplification of sedentary 
behavior in older women
Guilherme Lima de Oliveira 1†, Andressa C. S. Sobrinho 2*†, 
Cicero Jonas R. Benjamim 2, Guilherme da Silva Rodrigues 2, 
Karine Pereira Rodrigues 2, Carlos Henrique Fernandes 1, 
Adriano Bruno Corrêa 1, Tamara Nascimento Felicio 1, 
Grace Angelica de Oliveira Gomes 3 and 
Carlos Roberto Bueno Júnior 1,2,4

1 Escola de Educação Física e Esporte de Ribeirão Preto, Universidade de São Paulo (USP), Ribeirão 
Preto, SP, Brazil, 2 Faculdade de Medicina de Ribeirão Preto, Universidade de São Paulo (USP), Ribeirão 
Preto, SP, Brazil, 3 Departamento de Gerontologia da Universidade Federal de São Carlos (UFSCAR), São 
Carlos, SP, Brazil, 4 Escola de Enfermagem de Ribeirão Preto da Universidade de São Paulo (USP), 
Ribeirão Preto, SP, Brazil

Physical activity level (PAL) and sedentary behavior (SB) are independent predictors 
of mortality. It is unclear how these predictors interact with each other and health 
variables. Investigate the bidirectional relationship between PAL and SB, and their 
impact and health variables of women aged 60 to 70 years. One hundred forty-
two older adults women (66.3 ± 2.9 years) considered insufficiently active were 
submitted to 14 weeks of multicomponent training (MT), multicomponent training 
with flexibility (TMF), or the control group (CG). PAL variables were analyzed by 
accelerometry and QBMI questionnaire, physical activity (PA) light, moderate, 
vigorous and CS by accelerometry, 6 min walk (CAM), SBP, BMI, LDL, HDL, uric acid, 
triglycerides, glucose and cholesterol total. In linear regressions, CS was associated 
with glucose (B:12.80; CI:9.31/20.50; p < 0.001; R2:0.45), light PA (B:3.10; CI:2, 
41/4.76; p < 0.001; R2:0.57), NAF by accelerometer (B:8.21; CI:6.74/10.02; p < 0.001; 
R2:0.62), vigorous PA (B:794.03; CI:682.11/908.2; p < 0.001; R2:0.70), LDL (B:13.28; 
CI:7.45/16.75; p < 0.002; R2:0.71) and 6 min walk (B:3.39; CI:2.96/8.75; p < 0.004; 
R2:0.73). NAF was associated with mild PA (B:0.246; CI:0.130/0.275; p < 0.001; 
R2:0.624), moderate PA (B:0.763; CI:0.567/0.924; p < 0.001; R2:0.745), glucose 
(B:−0.437; CI:−0.789/−0.124; p < 0.001; R2:0.782), CAM (B:2.223; CI:1.872/4.985; 
p < 0.002; R2:0.989) and CS (B:0.253; CI: 0.189/0.512; p < 0.001; R2:1.94). The NAF 
can enhance CS. Build a new look at how these variables are independent but 
dependent simultaneously, being able to influence the quality of health when this 
dependence is denied.
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sitting time, aging, physical aptitude, physical performance, sedentary behavior
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1. Introduction

The health benefits associated with sufficient and regular practice 
of moderate to vigorous physical activity (PA), as well as the risks 
arising from physical inactivity or insufficient levels of practice, are 
widely established and documented in the literature, contributing to 
the minimum recommendations for PA for health and for a significant 
paradigm shift in the area of PA and health, which occurred in the 
1990s (1). The paradigm shift went from being a physically active 
person—to achieve health benefits, changes in physical fitness levels 
would be necessary—to an additive model, valuing the process of 
being physically active—health benefits can be  achieved from a 
physically active lifestyle, even if there are no changes in people’s 
physical fitness (1, 2).

Since 1990, minimum PA recommendations for health have been 
suggested. Recently, the World Health Organization recommended a 
minimum interval of 150 to 300 min per week of PA at moderate to 
vigorous intensity or 75 to 150 min of intense activity per week. In 
parallel, evidence emerging from prospective epidemiological studies 
has shown that prolonged sedentary behavior (SB) promotes 
deleterious health effects, which may be independent of the practice 
of PA (2, 3). In this sense, it began to reflect that SB may be an essential 
health risk factor and that increasing the practice of moderate to 
vigorous intensity PA may not be enough to achieve the full benefits 
for health and quality of life (2).

PA has been characterized as any bodily movement produced by 
skeletal muscles which result in energy expenditure above resting 
levels (4). This behavior includes all daily activities, whether at work, 
leisure, or other activities such as: walking, eating, dressing, going 
upstairs, and cleaning the house. SB, on the other hand, characterizes 
a set of activities performed in a sitting position, which presents an 
energy expenditure close to resting/baseline values (1.0–1.5 MET) 
(watching television, using the computer, playing video games, being 
idle chatting with friends, talking on the phone, among other similar 
activities) (5, 6).

In this context, there is the possibility of a person having a 
sedentary behavior and being physically inactive or a physically active 
person (for example, walking for 60 min five or more days a week) and 
having a high SB time. That is, SB and PA can coexist and are shown 
to be independent health factors (1).

Systematic reviews of prospective epidemiological studies have 
demonstrated a positive relationship between prolonged SB time and 
all-cause death and death from cardiovascular and metabolic diseases 
(2, 3), regardless of PA practice. These studies demonstrated that SB is 
associated with biomarkers of cardiovascular and metabolic diseases, 

as well as risk factors for these diseases (waist circumference, body 
mass index, blood pressure, glucose), regardless of the level of PA (3).

Even in people who practice moderate to vigorous PA, prolonged 
SB time may promote harmful health effects, suggesting that this 
behavior represents a potential risk factor for people’s health (1).

SB as an independent predictor of people’s health is an emerging 
theme. The evidence available has important implications for public 
health and research in this area, as it suggests that SB is becoming a 
crucial independent health risk factor (1, 3, 4).

However, despite the literature showing it as an independent 
factor and presenting a range of studies on sedentary behavior and 
physical activity level, these studies do not address their interaction. 
This study wants to start understanding the extent to which sedentary 
behavior can be seen as a recuperative attitude after training, and from 
what point it starts to harm health. Build a new look at how these 
variables are independent in health, but dependent on each other at 
the same time, being able to influence the quality of health when this 
dependence is denied.

Thus, this study aimed to investigate the bidirectional relationship 
between PA level and SB, as well as their effects on a range of 
anthropometric, blood pressure, physical, and biochemical variables, 
in a sample of older women between the ages of 60 and 70 years, 
before and after a 14 week physical training program.

2. Methods

This randomized clinical trial was described following the 
Consolidated Standards of Reporting Trials (CONSORT) guidelines (7). 
The experimental procedures were submitted and approved by the 
Ethics Committee for Research with Human Beings of the School of 
Physical Education and Sport of Ribeirão Preto, University of São Paulo 
(CAAE: 63681517.3.0000.5659, March 24th 2017). Participants who 
agreed to participate in the study signed a consent form attesting to their 
participation in the research. The study is registered in the Brazilian 
Clinical Trials Registry (ReBEC) (protocol number: RBR-8hqwmx).

2.1. Study design

The recruitment of participants was done through outreach 
in local media and social networks. Before the first evaluation, the 
participants were invited to a presentation meeting, where they 
received information about the purpose of the research and details 
about the test protocol—they also signed the informed consent form 

Highlights

 - Level of physical activity and sedentary behavior are independent predictors of mortality.
 - Sedentary behavior and physical activity level were calculated by accelerometry.
 - The intensity of physical activity can enhance sedentary behavior.
 - The level of physical activity can enhance sedentary behavior.
 - Sedentary behavior and a physically active state coexist and are independent of 

health factors.
 - Recommendations about increasing the level of physical activity should be accompanied 

by instructions to decrease sedentary behavior.
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at the end of the session. After this stage, the participants were 
randomized, by a blinded researcher, into three groups: 
multicomponent training (MT), multicomponent training plus 
flexibility training (MTF), and control group (CG). This sample size 
was calculated using the Gpower 3.1.9.7 software with a 149 statistical 
power of 80%, a sampling error of 5%, and a confidence level of 95%, 
about the 150 estimated population of older women in Ribeirão Preto. 
The training lasted 14 weeks (Figure 1).

2.2. Participants

To be included in the study, participants had to be postmenopausal 
women aged 60 to 70 years, have a medical certificate of release to 
practice physical activity, and be physically inactive according to a 
score < 9.11 on the modified Baecke questionnaire for the older adults 
(MBQE) (8). The exclusion criteria were: having diseases and/or 
functional limitations (motor, auditory and visual deficits) that would 
prevent the tests and proposed physical training from being carried 
out and missing more than 25% of the physical training sessions.

2.3. Interventions

2.3.1. Multicomponent training
The training was applied to develop coordinative motor skills and 

conditioning motor skills twice a week on non-consecutive days, 
lasting 90 min per session, divided into 15 initial minutes of warm-up, 
balance, coordination motor skills and games, 35 min of muscle 
strength training, 35 min of aerobic activities, and a final 5 min of 
relaxation (9, 10). Training intensity was monitored using the Borg 
scale adapted by Foster et al. (11, 12), to progressively track perceived 
exertion in values from 3 to 10, on a scale from 0 to 10 (1st and 2nd 
weeks: 3 to 4; 3rd to 5th week: 4 to 6; 6th to 8th week: 6 to 7; 9th to 
11th week: 7 to 8; 11th to 14th week: 8 to 10), representing moderate 
to high-intensity physical exercise. This training emphasized 
strengthening the following muscles: rectus abdominis, external 
oblique abdominis, internal oblique abdominis, transversus 
abdominis, gluteus, abductors, knee flexors and extensors, deep neck 
flexors, serratus, rhomboids, trapezius, internal rotator cuff, and 
external and paraspinal or erector spinae.

2.3.2. Individualized flexibility training
The flexibility capacity was trained through the active stretching 

method with accessories, following the protocol proposed by 

Kokkonen et  al. (13), which follows the recommendations of the 
U.S. Department of Health and Human Services (14) concerning 
volume and intensity. Participants were separated into groups for 
stretching aimed at postural changes (hip flexor muscles, spine 
extensors, scapular elevators, and protractors), emphasizing individual 
needs identified after postural analysis. The training protocol 
contained three levels of exercise complexity for each postural 
compensation, with a new complexity being added every 4 weeks. The 
intensity and volume protocol was divided into four levels with the 
progression of stretching time and pain perception by the pain scale 
(15). The training was performed twice a week following the training 
progression as suggested in the Table 1 in the article (quote my article 
on flexibility).

2.4. Assessments

The sample was characterized using a questionnaire prepared by 
the researchers to analyze demographic and health data. Systolic (SBP) 
and diastolic (DBP) blood pressure were measured using a previously 
calibrated automatic digital blood pressure gauge (OMRON®, model 
HEM-7113, SBH, 2010), and anthropometric measurements were 
taken of body mass (kg), height (cm), waist circumference (cm), and 
body mass index (kg/m2). The participant’s physical activity level was 
subjectively measured using the MBQE in conjunction with a triaxial 
accelerometer (GT3X-BT from ActiGraph) - the participants were 
instructed to use the device for 1 week, 4 days a week, and 1 day 
weekend was considered for the calculation. The intensities of the 
activities were those stipulated by Freedson et al. (16)

2.5. Motor skills assessments

The senior fitness test (SFT) assessed functional capacity and 
obtained normative values. Based on this battery of tests, the 
assessment of aerobic resistance [6 min walk (6 MW)] was used 
according to age group since this variable is one of the main variables 
for improving health-related physical fitness.

2.6. Statistical analysis

The data obtained were organized in a double-entry database 
using Excel®, version 2013, and the statistical program SPSS®, 
version 20.0. The per protocol (PP) method was used for the 

Stage 1 - Week 1 Stage 2 -  Week 2 Stage 3 -  Weeks 2/16 Stage 4 – Week 17 

Apresentation metting  Evaluations Experimental Period Evaluations  

FIGURE 1

Study design: illustration from research stages.
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analysis, including only those participants who followed the full 
protocol, including weekly physical training sessions, and those 
participants who had all completed assessments. The analysis did 
not include seniors who missed more than 25% of the 
training sessions.

Data are presented as mean and standard deviation. The 
Kolmogorov–Smirnov test was used to assess data normality, and 
variances were analyzed using the Levene test. The analysis of training 
comparisons was performed using the statistical method with 
repeated measures ANOVA two-way, with Tukey’s post-hoc. The effect 
size was calculated by Cohen’s d, with values from 0.5 to 0.79 
representing medium effect, values between 0.8 to 1.3 significant 
effect, greater than 1.3 enormous effect—numbers below 0.5 were 
considered a small effect.

Multiple linear regression was performed using the relative delta 
of the studied variables. The delta variation (Δ) (Δ = post-
training − pre-training/pre-training) between the pre-and post-
intervention moments was used to quantify the alteration of the 
quantitative variables. Multiple linear regression was used to analyze 
the interactions between sedentary behavior, physical activity level, 
age, socioeconomic status, MBQE, BMI, MAC, systolic and diastolic 
blood pressure, LDL, HDL, uric acid, triglycerides, glucose, and 
cholesterol. The delta variation was used in almost all the variables 
studied, and the age variable did not have a delta calculation. 
Sensitivity analysis, which involves the use of the delta of variables, is 
commonly employed in multiple linear regression statistical analysis. 
This technique is helpful as it enables researchers to evaluate the 
robustness of the analysis results.

In the multiple linear regression model, the data phase-in method 
was used to calculate the adjusted estimate (β) with a 95% confidence 
interval (95% CI). R2 was analyzed to verify the percentage of 
determination of the coefficient of variation, which explains the 
model. Multiple linear regression analysis was performed considering 
the level of physical activity by accelerometer and sedentary behavior, 
as dependent variables and MBQE questionnaire, physical activity 
(PA) light, moderate, vigorous and CS by accelerometry, 6 min walk 
(CAM), SBP, BMI, LDL, HDL, uric acid, triglycerides, glucose and 
total cholesterol as predictors. Data were analyzed using the statistical 
program Statistical Package for the Social Sciences (SPSS)® 
version 20.0.

3. Results

In the analyses, 43 women were included in the MFT group, 52 in 
the MT group, and 47 in the CG, as presented in Figure 2.

There was no statistical difference between the groups in the 
means for age (63.4 ± 5.6, considering all groups). A time effect is 
noted in the body mass variable (F = 8.131; p = 0.006), which was 
lower than the baseline after the intervention, and in the physical 
activity level evaluated by the questionnaire (F = 4.201; p = 0.010), with 
an increase between the pre- to the post-intervention moments.

There was a group and time interaction in the physical activity 
level evaluated using the accelerometry variable (F = 3.781; p = 0.016), 
observing an improvement from the pre- to the post-moments in both 
variables only in the MFT group—the MT group presented an 
improvement in the accelerometry between both evaluations. There 
was also a group and time interaction for the SBP (F = 3.095; p = 0.035) 
and DBP (F = 13.729; p < 0.001) variables, with a reduction in the SBP 
observed only in the MFT group—the DBP varied only in the CG, 
presenting an increase from the pre- to the post-experimental period 
moments. We also watched this interaction for Sedentary behavior 
(F = 10.027; p = 0.003), with increased results in all groups, showing a 
more extraordinary accentuation in the MTF group. Finally, a time 
and group interaction were also observed in the level of physical 
activity variable, being light Level (F = 51.59; p < 0.001), moderate 
Level (F = 12.08; p = 0.001), and vigorous Level (F = 17.67; p = 0.048), 
with an increase in all groups, with emphasis on the MTF concerning 
the other groups between the pre-and post-intervention moments 
(Table 2).

It was possible to notice that the MT group had an effect size 
above moderate (>0.50) in three variables, namely the PAL-MBQE, 
accelerometry, and Sedentary behavior by accelerometry, presented 
one variable with a strong effect size (>0.8), light level of physical 
activity, and two variables with an extreme effect size (>1.3)—
moderate and vigorous level of physical activity. The MFT group, on 
the other hand, presented one variable with a strong effect size (>0.8), 
a sedentary behavior variable, and five variables with an extreme effect 
size (>1.3)—in the variables of the level of physical activity by 
accelerometry and questionnaire, and the levels light, moderate and 
vigorous of physical activity. The CG group had two variables with a 
moderate effect size (>0.50), diastolic blood pressure and sedentary 

TABLE 1 Protocol of flexibility training proposed in the intervention.

Level 1 Level 2 Level 3 Level 4

Week of intervention 1–2 3–6 7–10 11–14

Duration of session 20′ 30′ 40′ 50′

Time under tension 10″ 15″ 20″ 25″

Interval between series 10″ 15″ 20″ 25″

Series per exercise 2 3 4 5

Pain levela 1 a 3 2 a 4 4 a 6 6 a 8

Exercises per body regionb 2 3 3 4

Weekly dosec 2,400″ 3,600″ 4,800″ 6,000″

aNumeric visual/verbal scale of pain from 0 to 10.
b8 body regions were worked in each individual—initial evaluations of each participant were considered for choice of these regions.
cWeekly dose (seconds) = duration of the session (min) * 2 (sessions/week) * 60 (seconds/min).
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behavior, two variables with a strong effect size (>0.8), BMI, and 
physical activity level by accelerometry, and one variable with an 
extreme effect size (>1.3), Moderate level of physical activity.

The comparison of the mean and standard deviation of the 
biochemical variables in the pre- and post-intervention moments in 
the groups was observed. There was no statistical difference between 
groups in mean uric acid levels. There was interaction between group 
and time in the variables of glucose, total cholesterol, triglycerides, 
HDL cholesterol, and LDL cholesterol, showing improvements in the 
MFT group concerning the other groups from the pre- to post-
intervention moment and worsening in the CG group. All biochemical 
variables had an effect size below moderate (<0.050) (Table 3).

Multiple linear regression was used to generate the final model, 
which revealed an association between sedentary behavior deltas by 
accelerometry and deltas of the variables glucose, light physical 
activity by accelerometry, total physical activity by accelerometry, 
vigorous physical activity by accelerometry, LDL and walking of 6 min. 
The general model was responsible for 45% (R2 = 0.45) in the glucose 
variable, light physical activity by accelerometry 57% (R2 = 0.57), total 
physical activity by accelerometry 65% (R2 = 0.62), vigorous physical 

activity by accelerometry 70% (R2 = 0.70), LDL 71% (R2 = 0.71) and 
6-min walk 73% (R2 = 0.73) of the variation in the measurement of 
sedentary behavior (Table 4).

Another final model, generated by multiple linear regression, 
revealed an association between the values of the level of physical 
activity by the accelerometer and the variables glucose, light physical 
activity by the accelerometer, moderate physical activity by the 
accelerometer, sedentary behavior by the accelerometer, and 6 min 
walk. The general model was responsible for 62% (R2 = 0.624) in the 
light physical activity variable by the accelerometer, moderate physical 
activity by accelerometer 74% (R2 = 0.745), glucose 78% (R2 = 0.782), 
6 min walk 98% (R2 = 0.989) and sedentary behavior by accelerometer 
194% (R2 = 1.94) of the variation in the measurement of physical 
activity level by accelerometer (Table 5).

4. Discussion

The present study sought to present the influence of PA level on 
SB, and conversely, on a set of anthropometric, blood pressure, 

FIGURE 2

CONSORT 2010 flow diagram.
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TABLE 3 Biochemical analysis of the participants at the pre and post experimental period moments.

MT (n = 52) MFT (n = 43) CG (n = 47)

Pre Post Effect Size Pre Post Effect Size Pre Post Effect Size

Uric acid (mg/dL) 3.9 ± 1.5 3.6 ± 1.2 0.220 4.4 ± 1.5 3.7 ± 1.3 0.498 4.3 ± 1.6 4.8 ± 2.0 0.276

Glucose (mg/dL) 105.4 ± 28.7 100.6 ± 20.1b 0.193 106.7 ± 26.6 95.9 ± 17.0b,d 0.483 100.9 ± 23.1 103.7 ± 26.2b,c,d 0.113

Total Cholesterol (mg/dL) 179.3 ± 37.1 175.4 ± 39.2b 0.102 211.4 ± 53.4 205.4 ± 44.7b,d 0.121 195.7 ± 50.3 201.6 ± 47.6b,c,d 0.120

Triglycerides (mg/dL) 117.7 ± 57.5 118.4 ± 48.2b 0.0131 142.6 ± 60.4 130.6 ± 69.6b,d 0.184 122.4 ± 57.4 137.4 ± 81.7b,c 0.212

HDL Cholesterol (mg/dL) 50.3 ± 13.8 49.2 ± 15.0b 0.076 57.2 ± 15.7 52.7 ± 17.5b,d 0.270 49.8 ± 16.5 53.5 ± 16.2b,c 0.226

LDL Cholesterol (mg/dL) 105.5 ± 33.5 102.5 ± 37.2b 0.084 125.6 ± 48.4 122.7 ± 42.9b,d 0.063 119.5 ± 48.4 122.1 ± 44.3b,c,d 0.056

MT, multicomponent training; MFT, multicomponent and flexibility training; CG, control group. Bold: effect size ≥ 0.50. 
aTime effect (p < 0.05).
bp < 0.05 in relation to the pre-intervention moment in the same group.
cp < 0.05 in relation to the MFT at the same moment.
dp < 0.05 in relation to the MT at the same moment.

TABLE 2 Characterization of the participants at the pre and post experimental period moments.

MT (n = 52) MFT (n = 43) CG (n = 47)

Pre Post Effect size Pre Post Effect size Pre Post Effect size

Age (years) 63.1 ± 5.5 63.4 ± 5.6 64.0 ± 4.9

Body mass (kg)b 75.1 ± 14.4 73.8 ± 12.8 −0.096 74.7 ± 16.0 72.1 ± 15.8 −0.164 76.1 ± 18.8 79.3 ± 10.0 0.222

BMI (kg/m2)a 29.4 ± 5.0 29.2 ± 4.7 −0.041 28.4 ± 4.7 27.9 ± 5.3 −0.100 25.3 ± 2.7 28.4 ± 4.1$#* 0.912

Height (m) 1.56 ± 7.0 1.59 ± 6.9 1.58 ± 7.80

SBP (mmHg)a 131.9 ± 21.3 129.0 ± 10.2 −0.184 129.2 ± 18.8 123.5 ± 15.4* −0.333 135.6 ± 17.9 136.5 ± 12.4# 0.059

DBP (mmHg)a 76.8 ± 10.6 76.8 ± 8.3 0.000 76.6 ± 10.6 71.9 ± 10.0 −0.456 73.8 ± 10.1 79.1 ± 6.3#* 0.646

MBQE (scores)b 6.9 ± 5.3 11.7 ± 7.5 0.750 6.3 ± 5.4 12.6 ± 5.0 1.212 6.4 ± 5.0 8.6 ± 7.6 0.349

PA (accelerometer, counts)a 382 ± 1,361 877 ± 401* 0.562 386 ± 176 961 ± 401*$ 1.993 348 ± 171 592 ± 365# 0.911

Light level of physical activity (accelerometer, counts) 2,358 ± 661 3,840 ± 2524* 0.803 2,410 ± 754 4,863 ± 2149*$ 1.523 2,287 ± 545 2,667 ± 2,282$#* 0.232

Moderate level of physical activity (accelerometer, counts) 65 ± 77 231 ± 208* 1.058 66 ± 87 242 ± 228*$ 1.101 63 ± 53 214 ± 199$#* 1.036

Vigorous physical activity level (accelerometer, counts) 0.16 ± 0.57 5.14 ± 3.03* 2.284 0.19 ± 0.66 7.48 ± 2.75*$ 3.645 0.21 ± 0.67 0.52 ± 0.72$#* 0.445

Sedentary behavior (accelerometer, counts) 5,851 ± 1,453 16,415 ± 25819* 0.577 5,975 ± 1,310 21,975 ± 31758*$ 0.711 5,558 ± 1739 7,588 ± 3,609$#* 0.716

MT, multicomponent training; MFT, multicomponent and flexibility training; CG, control group; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; WC, waist circumference; HC, hip circumference; BF, body fat; MBQE, modified 
Baecke questionnaire for the older adults; PA, physical activity. 
aInteraction between time and group (p < 0.05). 
bTime effect (p < 0.05).
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physical and biochemical variables pre and post-14 week physical 
training in older women aged 60 to 70. It was verified a strong 
relationship between SB and increased glucose, increased LDL and 
CAM, and a strong association with vigorous physical activity, 
indicating that SB increases significantly with vigorous physical 
activity. At the same time, a slight increase is associated with light and 
moderate physical activity. It was observed that the increase in the 
level of light to moderate physical activity is related to a decrease in 
glucose levels and a low relation with the increase in SB.

Health variables are known to be influenced by levels of physical 
activity and sedentary behavior, which makes them suitable for a 
linear regression analysis to improve the reliability of the data. 
Previous studies have shown that increased sedentary behavior is 
associated with increased blood glucose levels (17, 18). In contrast, an 
increase in physical activity levels is related to a decrease in blood 
glucose levels (19, 20). This study also observed similar trends in 
health variables, providing further support for the validity of the data 
presented in this paper. This study contributes to this body of literature 
by examining the relationship between physical activity and sedentary 
behavior with several health variables in older women aged 60 to 70.

In addition to the above remarks, the intervention groups showed 
a reduction in body mass, as observed in the study of, De Paula et al. 
(21), in which 12 weeks of training proved sufficient to change the 
anthropometric profile. In this study, the intervention took place over 
14 weeks, which may explain the change in this profile, but when 
compared to the SB, it was noticed that there was an increase in the 
body mass of the SB. The same behavior can be seen in the blood 
pressure variable, showing that both the multicomponent and 
multicomponent training with flexibility is practical, even if this 
improvement is more significant in the MFT.

There was an improvement in the levels of physical activity by 
accelerometer and an increase in the score of the MBQE questionnaire 
of the MT and MTF groups, which was not observed in the CG, as it 
remained without physical activity throughout the training period, as 
pointed out in a study previous (10).

The differential of our study is to show that sedentary behavior 
(SB) increases with vigorous physical activity in older women aged 
60 to 70. That is, vigorous physical activity has been shown to 
influence this variable. Therefore, caution should be exercised when 
achieving fitness levels through physical exercise and taking a fresh 
look at SB to understand to what extent it fits into a beneficial 
recovery/rest period or a period of sedentary attitudes harmful to 
health. This point is justified because in our data, when comparing 
the SB in vigorous and moderate activity, the group of women who 
did the physical activity with moderate intensity showed a minor 
increase in SB.

SB refers to energy expenditure <1.5 metabolic equivalents 
(METs) when awake and in a sitting posture, such as time spent 
driving, watching screens, and studying, among other activities, while 
light PA represents any activity between 1.05 to 2.99 METs and 
moderate to vigorous physical activity (MVPA) ≥3.0 METs (22).

The systematic review carried out by Saunders et al. (23) presents 
data that indicate that high levels of SB increase the risk of mortality 
from various causes and points out that there is strong evidence of a 
dose-response relationship, which would present a significant 
relationship with health. Even though mortality is essential for public 
health, it does not represent the totality of human health and well-
being, as other indicators are just as significant.

Ekelund et al. (24) state that a shorter MVPA time with a longer 
SB time is associated with a higher risk of all-cause mortality and 

TABLE 4 Final model of the multiple linear regression analysis considering delta of sedentary behavior by accelerometry as dependent variable age and 
deltas of socioeconomic status, activity level by MBQE questionnaire, BMI, CAM, physical activity level by accelerometry, light, moderate activity and 
vigorous by accelerometry, systolic and diastolic blood pressure, LDL, HDL, uric acid, triglycerides, glucose, cholesterol as predictors.

Variables Estimates CI 95% p-value R2

Glucose 12.80 9.31/20.50 <0.001 0.45

Light physical activity by accelerometry 3.10 2.41/4.76 <0.001 0.57

Total physical activity by accelerometer 8.21 6.74/10.02 <0.001 0.62

Vigorous physical activity by accelerometry 794.03 682.11/908.2 <0.001 0.70

LDL 13.28 7.45/16.75 0.002 0.71

CAM 3.39 2.96/8.75 0.004 0.73

Estimate (β) = beta, CI 95% = confidence interval, R2 proportion of variation of the dependent variable explained by the independent variables.

TABLE 5 Final model of the multiple linear regression analysis considering delta of physical activity level by accelerometry as dependent variable age 
and deltas of socioeconomic status, activity level by MBQE questionnaire, BMI, MAC sedentary activity by accelerometry, light, moderate and vigorous 
activity by accelerometry, systolic and diastolic blood pressure, LDL, HDL, uric acid, triglycerides, glucose, cholesterol as predictors.

Variables Estimates CI 95% p-value R2

Glucose −0.437 −0.789/−0.124 0.001 0.782

Light physical activity by accelerometry 0.246 0.130/0.275 <0.001 0.624

Moderate physical activity by accelerometry 0.763 0.567/0.924 <0.001 0.745

Sedentary behavior by accelerometry 0.253 0.189/0.512 <0.001 0.947

CAM 2.223 1.872/4.985 0.002 0.989

Estimate (β) = beta, CI 95% = confidence interval, R2 proportion of variation of the dependent variable explained by the independent variables.
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evidence measured by accelerometry, which indicates that the increase 
in MVPA time for a variation between 30 to 40 min per day presents 
a positive association when compared to SB and mortality.

This phenomenon, reported in this study, is known as the 
“amplification of sedentary behavior” and is thought to be due to the 
need for physiological recovery after exercise. Physical activity is 
essential to maintain health and reduce the risk of chronic diseases. 
Physical training is a common intervention to promote increased 
physical activity, especially in older people. The results of this study 
corroborate recent studies that have demonstrated this trend of 
increasing sedentary behavior and physical activity level.

A study conducted with older adults revealed that those who 
practiced high levels of physical activity had higher levels of fatigue 
and lower energy levels than those who practiced moderate physical 
activity (25). The authors further concluded that this might lead 
individuals to adopt a more sedentary behavior to conserve energy 
and recover from exercise. In the results of this study, we noticed that 
older people who practiced moderate to vigorous activity increased 
sedentary behavior more.

At moderate to vigorous physical activity levels, the amplification 
of sedentary behavior may be  due to the need for physiological 
recovery after exercise. Exercise stresses the body, leading to 
inflammation, muscle damage, and other physiological changes. These 
changes require time to repair and recover, which can result in 
increased sedentary behavior.

For example, a study of older adults found that those who engaged 
in high levels of physical activity had higher levels of C-reactive 
protein (CRP), a marker of inflammation, than those who engaged in 
moderate physical activity (26). This suggests that the high levels of 
physical activity caused increased inflammation, leading to increased 
sedentary behavior as the body recovers. In the data from this study, 
we saw that the vigorous level of activity had a broader increase in 
sedentary behavior, which aligns with the data (26) presented.

The amplification of sedentary behavior has important 
implications for public health. Sedentary behavior is associated with 
numerous health risks, including obesity, cardiovascular disease, and 
type 2 diabetes (27). In this study, there was a strong relationship 
between BS and increased blood glucose, and increased LDL. These 
factors can contribute to the development this diseases. Therefore, it 
is essential to understand the factors contributing to the increase in 
sedentary behavior concerning physical training interventions and 
thus improve training approaches to maximize results.

These outcomes corroborate the increase in SB observed in our 
study when there was an increase in moderate to vigorous physical 
activity and a reduction in mild PA. Even though SB is associated 
with low PAL, there are indications that the increase in moderate to 
vigorous physical activity in the older adults generated a 
compensatory behavior and, consequently, the need for increased 
recovery time in older women after the training periods. Vigorous 
physical activities are beneficial in the age group studied since there 
was an improvement in biochemical factors, but they increase SB 
Thus, when there is an increase in PAL, one must pay attention to the 
moment when the increase in SC means a possible amplification of 
the need for recovery from the physical activity performed or a 
harmful adoption of SC.

There is a need for further studies investigating this topic. Paying 
more attention to the behavior of the older adults after a period of 
physical exercise may be a possible strategy for improving results.

5. Conclusion

In this study, it was concluded that there is a possible relationship 
between an increase in the level of physical activity and an increase in 
sedentary behavior in older adults. Thus, it becomes important to take 
a closer look at the sedentary behavior variable after starting 
the practice.
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Background: Identifying lifestyle factors associated with cognitive decline has 
critical clinical and public health implications for dementia prevention in later life. 
The longitudinal associations of sleep and physical activity with cognitive function 
remain unclear. This study examined whether objectively measured sleep and 
physical activity were longitudinally associated with cognitive function in older 
adults over a three-year period.

Methods: This prospective cohort study enrolled 855 community-dwelling adults 
aged 65 and older, who were followed from 2015 to 2019. All participants were 
required to wear a wearable sensor for 7 consecutive days every 3  months and had 
annual cognitive assessments. Wearable sensor data (August 2015–September 
2019) and Mini-Mental State Examination (MMSE) scores (August 2015–April 2019) 
were collected over 3  years of follow-up. First, principal component analysis was 
conducted to reduce the dimensions of the sleep and physical activity variables to 
two principal components for inclusion in a mixed-effects model. The sleep index 
consisted of sleep efficiency, time awake after sleep onset, and waking frequency. 
The physical activity index was composed of walking comprised steps per day 
and time devoted to light or moderate-to-vigorous physical activity. A higher 
sleep index indicated poor sleep quality, whereas a lower physical activity index 
indicated less physical activity. Second, a linear mixed effect model was used to 
examine the longitudinal association of sleep and physical activity indices with 
cognitive decline over time.

Results: In total, 855 adults were recruited for this study at baseline. Of these, 
729 adults (85.3%) completed a measurement of lifestyle factors and an annual 
cognitive testing, whereas 126 were excluded because of death or loss during 
follow-up. After adjusting for age, sex, education level, and time, the sleep index 
was inversely associated with MMSE scores (estimate, −0.06229; standard error, 
0.02202; p =  0.0047) and the physical activity index was positively associated with 
MMSE scores (estimate, 0.06699; standard error, 0.03343; p =  0.0453).

Conclusion: Poor sleep quality and lower physical activity were significant 
risk factors for subsequent cognitive decline in older adults. The present study 
facilitates the development of novel evidence-based interventions for physical 
activity and sleep quality to delay cognitive decline.

KEYWORDS

prospective cohort study, longitudinal analysis, physical activity, sleep quality, cognitive 
decline
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Introduction

Dementia is a major public health issue globally because of 
population aging. The prevalence of dementia among people aged 
60 years and older in Japan was approximately 5.1 million in 2016, 
and if current trends are maintained, it is estimated that 5.03 
million people will develop dementia in 2025 (1). Therefore, 
identifying modifiable risk factors is critical for providing 
information about public health strategies for dementia prevention 
and improving patient quality of life. Cohort studies indicated that 
lower levels of education, vascular risk factors, unhealthy lifestyles, 
and hearing loss have adverse effects on cognitive function (2, 3). 
Sleep disturbance and physical inactivity, in particular, are major 
concerns in an aging society and important risk factors for 
dementia or Alzheimer’s disease (AD) later in life (2–5). The 
majority of previous cohort studies have examined the association 
between self-reported sleep or physical activity at baseline and 
subsequent cognitive decline or incidence dementia (6, 7). 
Subjective self-report questionnaires, however, have poor 
reliability and consistency due to recall bias or misclassification (8, 
9), and are limited to capture nonexercise physical activity that 
accounts for most of the energy expenditure among older adults. 
Recently, wearable sensors have been used to evaluate lifestyle 
factors in large epidemiological studies because they provide 
noninvasive, cost-effective tools for the objective and continuous 
measurement of total daily physical activity and sleep patterns 
without recall bias. Moreover, longitudinal studies are valuable in 
determining the prospective association between habitual sleep or 
physical activity and the risk of subsequent cognitive decline or 
development of dementia (10–18). In fact, previous studies linking 
objective sleep with cognitive function showed the association of 
lower sleep efficiency, longer sleep latency, and sleep fragmentation, 
such as greater wakefulness and number of long wake episodes, 
were subsequent cognitive decline the risk of developing AD (10–
13) and those linking objective physical activity with cognitive 
function showed the association of total physical activity with 
lower risk of cognitive decline (14–18). However, these studies 
objectively measured sleep and physical activity using wearable 
sensor only at baseline. Since the sleep–wake cycle, physical 
activity, and Mental State Examination (MMSE) scores change 
with aging (19–21), periodic measurement of sleep, physical 
activity, and cognitive function over follow-up period is helpful in 
understanding their dynamic association. Although several studies 
have examined the longitudinal association between change in 
self-reported sleep or physical activity and subsequent cognitive 
decline over time (22–27), to the best of our knowledge, few 
studies have focused on the longitudinal associations of objectively 
measured sleep and physical activity with cognitive function. 
Therefore, we conducted a prospective cohort study to determine 
the longitudinal association of objectively measured lifestyle 
factors with MMSE scores in community-dwelling older adults 
from 2015 to 2019. The aim of this study was to determine whether 
lifestyle factors were longitudinally associated with cognitive 
decline over a three-year period. We hypothesized that poor sleep 
quality or low physical activity would be associated with cognitive 
decline. The present study may improve the understanding of the 
influence of modifiable lifestyle factors on cognitive function in 
later life.

Methods

Study participants

The Usuki study is a prospective cohort study of non-demented 
community-dwelling older adults conducted from August 2015 to 
September 2019 in Usuki, Oita Prefecture, Japan exploring risk and 
protective lifestyle factors for cognitive decline in later life (28, 29). 
The detailed design and methods have been described elsewhere (28). 
The inclusion criteria were as follows: (1) age ≥ 65 years; (2) residing 
in Usuki; (3) physically and psychologically healthy; (4) absence of 
dementia; and (5) independent function regarding activities of daily 
living. Participants who self-reported a dementia diagnosis or the use 
of dementia medication were excluded. This study was limited to 
adults aged 65 years and older because of their high risk of cognitive 
impairment or dementia and the target of the intervention. All 
participants were required to wear a wristband sensor (Silmee™ 
W20, TDK Corporation, Tokyo, Japan) continuously except when 
bathing for seven consecutive days every three months (four times 
per year) and to undergo annual cognitive assessments using the 
MMSE over a three-year follow-up period. Valid sensing data was 
defined as those obtained over least 3 days in one period and in at 
least two period per year as previously described (30). The mean 
[standard deviation (SD)] total measurement period was 89.2 (25.3) 
days. The MMSE results were reviewed by a neurologist and clinical 
psychologist for the primary screening for dementia. Demographic 
information, including age, sex, education level, body mass index, 
medication history, and dementia diagnosis or administration of 
dementia medication in the local hospital were obtained from the 
participants and their closest relatives via face-to-face clinical 
interviews by trained medical staff every year. At the baseline, 855 
older adults {317 men (37.1%) and 538 women (62.9%), with a 
median age of 73 years [interquartile range (IQR): 69–78] and a 
median educational level of 12 years (IQR: 11–12)} who met the 
criteria had valid sensing data for analysis. The numbers of 
participants from whom valid wearable sensor data and cognitive 
testing results were completely collected during follow-up were 793 
(92.7%) in second year (from 2016 to 2018) and 729 (85.3%) in the 
third year (from 2017 to 2019). Of the remaining 126 (14.8%) 
participants, 10 (1.2%) died, 69 (8.1%) refused to participate in this 
study, 23(2.7%) were lost to follow-up, and 24 (2.8%) had incomplete 
sensing or medical data (Figure  1). This prospective study was 
conducted in accordance with the Helsinki Declaration and was 
approved by the local ethics committee of Oita University Hospital 
(UMIN000017442). All participants provided written 
informed consent.

Wearable sensor data

We excluded data indicating that the wristband sensor had been 
removed according to the heart rate. Variables were calculated by 
summing the sensor data collected on each day. Sleep–wake 
variables such as the total sleep time (TST), sleep efficiency, time 
awake after sleep onset (WASO), and waking frequency were 
measured during nighttime. The time of sleep onset was defined as 
the clock time when the first 20 min block of the resting state 
without movement began. Nocturnal waking was defined as 
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5–90 min of continuous movement during a continuous sleep 
period. Sleep efficiency was calculated as a percentage of TST versus 
the time spent in bed. WASO and waking frequency were calculated 
by averaging the total number of minutes awake after sleep onset 
and the number of awakenings per day, respectively. Naptime was 
defined as the resting period without movement on the wearable 
sensor during daytime. Physical activity data were detected by a 
three-axis accelerometer that measured acceleration in three 
perpendicular axes. Data were captured continuously and 
summarized in 1 min intervals. Steps were defined as walking in the 
frequency range of 2–3 Hz of acceleration as detected by the 
wristband sensor. Additionally, this device computed the intensity 
of activity as metabolic equivalents (METs). We classified physical 
activity intensity into three categories, namely sedentary behavior 
(≤1.5 METs), light physical activity (LPA; 1.6–2.9 METs), and 
moderate-to-vigorous physical activity (MVPA: ≥3.0 METs), as 
previously described (31). The absolute time spent in sedentary 
behavior, LPA, and MVPA was measured when participants were 
awake. We verified the measurement accuracy for walking steps and 
sleep time by comparing the sensor data with video observation 
data in healthy adults aged 20–80 years (28). Significant correlation 
was found between sleep duration and walking steps from 
wristband sensor and those from video observation (r = 0.9995, 
r = 0.9869, respectively, Pearson correlation).

Statistical analysis

We first conducted principal component analysis (PCA) to 
reduce the dimensions of the various sleep and physical activity 
variables to two principal components for inclusion in a mixed-
effects model. PCA was used to rank the physical activity and sleep 
variables by their relative importance and reduce the dimensionality 
of highly correlated original variables, including TST, sleep 
efficiency, WASO, waking frequency, and naptime, steps per day, 
LPA, MVPA, sedentary behavior at baseline. All 9 variables were 

subjected for PCA. Two main principal components emerged with 
eigenvalues >2. These components were extracted by contributing 
six variables with relatively high loadings to two components, such 
as the sleep and physical activity indices. Assuming the estimated 
component loadings were invariant to follow-up times, baseline 
scoring algorithm was applied to all follow-up variables to construct 
two time-varying. A linear mixed-effects model was used to examine 
whether the two time-varying indices were longitudinally associated 
with MMSE scores during follow-up after controlling age, sex, 
education level as potential confounders. The effect of follow-up 
time was modeled as discrete, and the interaction between two time-
varying indices and follow-up time was not included in the model 
due to clinical and statistical difficulties in parameter interpretation. 
Compound-symmetry structure was specified for within-subject 
serial correlation among repeated-measures of MMSE by including 
random intercept term in the model. Statistical analyses were 
conducted using IBM SPSS Statistics version 25.0 (IBM Corp., 
Armonk, NY, United States) and JMP Pro 14.2.0 (SAS Institute Japan 
Ltd., Tokyo, Japan).

Results

Clinical and demographic characteristics

Table  1 summarizes the annual changes in demographic 
characteristics, MMSE scores, and wearable sensor data of all 
participants. At baseline, the mean (SD) daily TST was 410.7 min 
(68.6), the median (IQR) daily sleep efficiency was 96.4% (94.3–97.9), 
the median (IQR) daily WASO was 15.4 min (8.6–24.4), the median 
(IQR) waking frequency was 0.38 times/day (0.22–0.6), and the 
median (IQR) naptime was 34.8 min/day (18.7–61.9 min). The median 
(IQR) steps per day was 5,113 (3337.4–7093.5), the median (IQR) 
times devoted to LPA, MVPA, and sedentary behavior were 21.1 
(11.9–33.7), 23.6 (14.1–37.1), and 782 min/day (733.1–821.7), 
respectively. The median (IQR) MMSE score was 29 points (27–30) 
at baseline.

Principal component analysis

The sleep and physical activity indices were derived from wearable 
sensor data using principal component analysis. The first principal 
component termed the “sleep index” was mainly dominated by sleep 
efficiency, WASO, and waking frequency, whereas the second principal 
component termed the “physical activity index” was mainly 
dominated by steps per day, LPA, and MVPA (Figure  2). Sleep 
efficiency moved in the opposite direction of WASO and waking 
frequency, whereas steps per day, LPA, and MVPA moved in the 
same direction.

The sleep index was calculated as follows:

 

Sleep index WASO
sleep efficiency

 
 

= ( )× + −( )
× +
0 048977 0 200036

2

. .

..

.

045641

17 582924

( )
× +waking frequency 

The physical activity index was calculated as follows:

FIGURE 1

Flow of participant recruitment. 855 older adults who met the criteria 
had valid sensing data for analysis in the first year. The number of 
participants from whom valid wearable sensor data and cognitive 
testing results were completely collected during follow-up was 793 
(92.7%) in the second year and 729 (85.3%) in the third year.
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Therefore, a higher sleep index indicated poor sleep quality, 
whereas a lower physical activity index indicated less physical activity. 
These two principal components that accounted for 58.7% of the total 
variance of the data.

Association of time-specific changes in 
physical activity and sleep variables with 
those in MMSE score

Table 2 presents the results of the linear mixed-effects models 
estimating the longitudinal associations of the physical activity index, 
sleep index, and demographic factors with MMSE scores. After 
adjusting for age, sex, education level, and time, time-specific changes 
in the physical activity index were positively associated with MMSE 
scores (estimate, 0.06699; standard error, 0.03343; p = 0.0453), whereas 
those of the sleep index were inversely associated with MMSE scores 
(estimate, −0.06229; standard error, 0.02202; p = 0.0047).

Discussion

In this prospective cohort study, we  identified longitudinal 
associations of objectively and simultaneously measured sleep and 
physical activity with MMSE score over a three-year follow-up period 
in community-dwelling older adults. Our findings indicated that poor 
sleep quality and lower level of physical activity were associated with 
cognitive decline. The present study findings contribute to the 
development of novel evidence-based interventions for sleep quality 
and physical activity in older adults to delay cognitive decline.

The most interesting finding of the present study was the 
longitudinal association of objectively measured sleep quality with 
cognitive decline. Sleep is important for memory consolidation and 
health-related quality of life. Sleep disturbances affect up to 50% of 
community-dwelling older adults and are bi-directionally linked to an 
increased risk of cognitive decline, or AD (4, 5). Previous population-
based prospective studies commonly demonstrated that baseline levels 
of self-reported or objectively measured sleep variables, such as 
abnormal sleep duration, lower sleep efficiency, higher WASO or 

TABLE 1 Clinical and demographic characteristics of all participants.

Characteristics First year (n =  855) Second  year (n =  793) Third year (n =  729)

Age, median (IQR), years 73 (69–78) 74 (70–78) 75 (71–79)

Sex (M:W) 317:538 289:504 263:466

Educational level, median (IQR), years 12 (11–12) 12 (11–12) 12 (11–12)

BMI, median (IQR), kg/m2 23 (21.1–25.1) 23 (21.2–25.1) 23.2 (21.4–25.2)

MMSE, median (IQR), score 29 (27–30) 29 (28–30) 29 (28–30)

TST, mean (SD), min/day 410.7 (68.6) 410.1 (70) 411.7 (70)

WASO, median (IQR), min/day 15.4 (8.6–24.4) 15.9 (8.6–24.9) 16 (8.2–25.7)

Sleep efficiency, median (IQR), %/day 96.4 (94.3–97.9) 96.2 (94.2–98) 96.4 (94–98)

Waking frequency median (IQR), times/day 0.38 (0.22–0.6) 0.4 (0.22–0.6) 0.38 (0.21–0.63)

Naptime, median (IQR), min/day 34.8 (18.7–61.9) 35.3 (18.7–61.4) 35.6 (18.9–64.8)

Walking steps, median (IQR), steps/day 5,113 (3,337.4–7,093.5) 5,022.8 (3,175.2–6,910.5) 4,706 (3,123.2–6,900.7)

LPA, median (IQR), min/day 21.1 (11.9–33.7) 21.5 (12–32.7) 19.6 (11–31.9)

MVPA, median (IQR), min/day 23.6 (14.1–37.1) 22.3 (12.8–35.1) 21.2 (12.2–33.8)

Sedentary, median (IQR), min/day 782 (733.1–821.7) 780.4 (733.1–824.2) 783.1 (731.7–825.8)

IQR, interquartile range; M, man; W, woman; BMI, body mass index; MMSE, mini-mental state examination; SD, standard deviation; min, minute; TST, total sleep time; WASO, time awake 
after sleep; LPA, light physical activity; MVPA, moderate-to-vigorous physical activity.

FIGURE 2

Principal component analysis of the variables. Principal component 
analysis reduced the dimensions of the various lifestyle factors to 
two principal components. The direction and relative importance of 
each variable are indicated by arrows. PCs 1 and 2 explained 32.6% 
and 26.1% of the total data variance, respectively. LPA, light physical 
activity; MVPA, moderate-to-vigorous physical activity; PC, principal 
component; TST, total sleep time; and WASO, time awake after sleep.
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waking frequency, poor sleep quality, and longer sleep latency were 
associated with an increased risk of cognitive decline or dementia in 
cognitively healthy older adults (10–13). However, another study 
showed no significant association between self-reported sleep patterns 
and cognitive decline in older women (32). On the other hand, only a 
few studies have examined the longitudinal association between self-
reported sleep variables and cognitive decline (22–24). These studies 
found an association between chronic insomnia and adverse changes 
in sleep duration (decreased from 6–8 h or increased from 7 or 8 h) 
and an increased risk of cognitive decline over 3–5 years of follow-up. 
Our results suggested that maintaining sleep quality with age was an 
important determinant in preventing dementia. The potential 
mechanisms linking sleep and cognitive function have been identified 
in human and animal models of AD (33–35). The physiological 
fluctuations in amyloid β (Aβ) are disrupted in AD mouse models and 
the older adults with an amyloid burden on PET imaging (33, 34). 
Furthermore, sleep deprivation acutely increased soluble Aβ levels in 
the interstitial fluid and chronically developed amyloid plaque 
formation in a mouse model of AD (34) and one night of sleep 
deprivation is negatively associated with amyloid burden in the 
human brain (35). These results suggested that chronic sleep 
deprivation increased Aβ production and reduce Aβ clearance, leading 
to amyloid plaque formation.

Another interesting finding of the present study was the 
longitudinal association of physical activity index with MMSE score 
over time. Physical activity is an important protective factor for 
age-related cognitive decline. Previous population-based prospective 
studies consistently found that lower levels of self-reported or 
objectively measured physical activity, such as total daily physical 
activity, total energy expenditure, low-to-moderate or vigorous 
physical activity, and walking, at baseline were associated with 
cognitive decline or an increased risk of AD in older adults (14–18). 
To the best of our knowledge, only a few studies have examined the 
dynamic association between self-reported physical activity and 
cognitive function (25–27). These studies found that physical activity 
duration or intensity were longitudinally associated with cognitive 
decline over a 10-year follow-up period. The present study is the first 
to confirm the longitudinal association between objectively measured 
physical activity and cognitive function in older adults. These findings 
suggest that maintaining physical activity with age is an important 

determinant in preventing dementia. Several possible mechanisms 
underlying the protective effect of physical activity on cognitive 
function have been proposed on the basis of human and animal 
studies (36–41). Physical activity may increase cerebral blood flow by 
reducing vascular risk factors (36), directly promoting neurogenesis 
(37), angiogenesis (38), synaptic plasticity, and stimulating 
neurotrophic factors (39). Moreover, physical activity was associated 
with a decreased Aβ burden on positron emission tomography 
imaging and higher Aβ42 levels in the cerebrospinal fluid of 
non-demented older adults as well as decreased amyloid plaques in a 
transgenic mouse model (40, 41).

This study had several strengths, including a large and prospective 
population-based cohort, objective measurements of lifestyle factor 
every three months and assessment of the MMSE every year over 
three years of follow-up. However, several limitations must 
be considered. First, the possibility of reverse causation could not 
be ruled out due to the relatively short follow-up period. Although 
we collected clinical information to define the presence or absence of 
dementia at baseline, patients with preclinical dementia could not 
be  completely excluded from participating in the current study. 
Second, the 126 participants who were excluded from the analysis 
were older and had lower MMSE scores and physical activity levels 
than those who completed the follow-up (Supplementary Table S1). 
Therefore, excluding these participants may cause distortions in the 
results. Third, the use of the MMSE, which is widely used to screen 
patients with cognitive decline has limitations due to ceiling effects in 
community-dwelling cohorts.

Conclusion

We confirmed that poor sleep quality and lower levels of physical 
activity were associated with subsequent cognitive decline over 3 years 
of follow-up in community-dwelling older adults. As sleep disturbance 
and physical inactivity are major problems in an aging society, 
we  recommended intervention for improving these variables to 
prevent dementia or AD in older adults.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and 
approved by local ethics committee of Oita University Hospital 
(UMIN000017442). The patients/participants provided their written 
informed consent to participate in this study.

Author contributions

NK and EM conceived and designed the trial. NK, TM, TA, and 
EM performed the acquisition or interpretation of data. YS and TK 

TABLE 2 Linear mixed-effects models estimating the longitudinal 
associations of the sleep index and physical activity index with MMSE 
scores.

Variables Estimate SE p-value

Sleep index −0.06229 0.02202 0.0047*

Physical activity 

index
0.06699 0.03343 0.0453*

Year (1) −0.364 0.06652 <0.0001*

Year (2) −0.1791 0.06542 0.0063*

Age −0.08481 0.009933 <0.0001*

Sex 0.2284 0.108 0.0347*

Education 0.1467 0.0258 <0.0001*

After adjusting for age, sex, educational level, and time, the sleep index was inversely 
associated with MMSE scores (estimate, −0.06229; standard error, 0.02202; p = 0.0047), 
whereas the physical activity index was positively associated with MMSE scores (estimate, 
0.06699; standard error, 0.03343; p = 0.0453). SE, Standard error. * p < 0.05.

23

https://doi.org/10.3389/fpubh.2023.1215419
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Kimura et al. 10.3389/fpubh.2023.1215419

Frontiers in Public Health 06 frontiersin.org

developed analysis plan and conducted statistical analysis. NK and TK 
drafted the original manuscript. AE performed the neuropsychological 
assessment. All authors contributed to the article and approved the 
submitted version.

Funding

This research was supported by Japan Agency for Medical Research 
and Development (grant number 18he142003h003) and Grant-in-Aid for 
Scientific Research (C) under Grant Number 22K07474.

Conflict of interest

NK received grant from Japan Society for the Promotion of Science; 
and honorarium from Takeda Pharmaceutical, Daiichi Sankyo, Eisai, 
Sumitomo Pharma, Kyowa Kirin, and Otsuka Pharmaceutical outside the 
submitted work. No other disclosures were reported.

The remaining authors declare that the research was conducted in 
the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1215419/
full#supplementary-material

References
 1. Kasajima M, Eggleston K, Kusaka S, Matsui H, Tanaka T, Son BK, et al. Projecting 

prevalence of frailty and dementia and the economic cost of care in Japan from 2016 to 
2043: a microsimulation modelling study. Lancet Public Health. (2022) 7:e458–68. doi: 
10.1016/S2468-2667(22)00044-5

 2. Livingston G, Sommerlad A, Orgeta V, Costafreda SG, Huntley J, Ames D, et al. 
Dementia prevention, intervention, and care. Lancet. (2017) 390:2673–734. doi: 10.1016/
S0140-6736(17)31363-6

 3. Fratiglioni L, Paillard-Borg S, Winblad B. An active and socially integrated lifestyle 
in late life might protect against dementia. Lancet Neurol. (2004) 3:343–53. doi: 10.1016/
S1474-4422(04)00767-7

 4. Foley DJ, Monjan AA, Brown SL, Simonsick EM, Wallace RB, Blazer DG. Sleep 
complaints among elderly persons: an epidemiologic study of three communities. Sleep. 
(1995) 18:425–32. doi: 10.1093/sleep/18.6.425

 5. Ju YE, Lucey BP, Holtzman DM. Sleep and Alzheimer disease pathology—a bidirectional 
relationship. Nat Rev Neurol. (2014) 10:115–9. doi: 10.1038/nrneurol.2013.269

 6. Lo JC, Groeger JA, Cheng GH, Dijk DJ, Chee MW. Self-reported sleep duration and 
cognitive performance in older adults: a systematic review and meta-analysis. Sleep Med. 
(2016) 17:87–98. doi: 10.1016/j.sleep.2015.08.021

 7. Sofi F, Valecchi D, Bacci D, Abbate R, Gensini GF, Casini A, et al. Physical activity 
and risk of cognitive decline: a meta-analysis of prospective studies. J Intern Med. (2011) 
269:107–17. doi: 10.1111/j.1365-2796.2010.02281.x

 8. Miner B, Stone KL, Zeitzer JM, Han L, Doyle M, Blackwell T, et al. Self-reported 
and actigraphic short sleep duration in older adults. J Clin Sleep Med. (2022) 18:403–13. 
doi: 10.5664/jcsm.9584

 9. VandeBunte A, Gontrum E, Goldberger L, Fonseca C, Djukic N, You M, et al. 
Physical activity measurement in older adults: wearables versus self-report. Front Digit 
Health. (2022) 4:869790. doi: 10.3389/fdgth.2022.869790

 10. Blackwell T, Yaffe K, Laffan A, Ancoli-Israel S, Redline S, Ensrud KE, et al. 
Associations of objectively and subjectively measured sleep quality with subsequent 
cognitive decline in older community-dwelling men: the MrOS sleep study. Sleep. (2014) 
37:655–63. doi: 10.5665/sleep.3562

 11. Lim AS, Kowgier M, Yu L, Buchman AS, Bennett DA. Sleep fragmentation and the 
risk of incident Alzheimer’s disease and cognitive decline in older persons. Sleep. (2013) 
36:1027–32. doi: 10.5665/sleep.2802

 12. Diem SJ, Blackwell TL, Stone KL, Yaffe K, Tranah G, Cauley JA, et al. Measures 
of sleep-wake patterns and risk of mild cognitive impairment or dementia in older 
women. Am J Geriatr Psychiatry. (2016) 24:248–58. doi: 10.1016/j.jagp.2015.12.002

 13. Chen JC, Espeland MA, Brunner RL, Lovato LC, Wallace RB, Leng X, et al. Sleep 
duration, cognitive decline, and dementia risk in older women. Alzheimers Dement. 
(2016) 12:21–33. doi: 10.1016/j.jalz.2015.03.004

 14. Yaffe K, Barnes D, Nevitt M, Lui LY, Covinsky K. A prospective study of physical 
activity and cognitive decline in elderly women: women who walk. Arch Intern Med. 
(2001) 161:1703–8. doi: 10.1001/archinte.161.14.1703

 15. Abbott RD, White LR, Ross GW, Masaki KH, Curb JD, Petrovitch H. Walking and 
dementia in physically capable elderly men. JAMA. (2004) 292:1447–53. doi: 10.1001/
jama.292.12.1447

 16. Buchman AS, Boyle PA, Yu L, Shah RC, Wilson RS, Bennett DA. Total daily 
physical activity and the risk of AD and cognitive decline in older adults. Neurology. 
(2012) 78:1323–9. doi: 10.1212/WNL.0b013e3182535d35

 17. Middleton LE, Manini TM, Simonsick EM, Harris TB, Barnes DE, Tylavsky F, et al. 
Activity energy expenditure and incident cognitive impairment in older adults. Arch 
Intern Med. (2011) 171:1251–7. doi: 10.1001/archinternmed.2011.277

 18. Stubbs B, Chen LJ, Chang CY, Sun WJ, Ku PW. Accelerometer-assessed light 
physical activity is protective of future cognitive ability: a longitudinal study among 
community dwelling older adults. Exp Gerontol. (2017) 91:104–9. doi: 10.1016/j.
exger.2017.03.003

 19. Lohne-Seiler H, Hansen BH, Kolle E, Anderssen SA. Accelerometer-determined 
physical activity and self-reported health in a population of older adults (65–85 years): 
a cross-sectional study. BMC Public Health. (2014) 14:284. doi: 10.1186/1471-2458-14-284

 20. Ohayon MM. Epidemiology of insomnia: what we know and what we still need to 
learn. Sleep Med Rev. (2002) 6:97–111. doi: 10.1053/smrv.2002.0186

 21. Butler SM, Ashford JW, Snowdon DA. Age, education, and changes in the Mini-
mental state exam scores of older women: findings from the Nun study. J Am Geriatr 
Soc. (1996) 44:675–81. doi: 10.1111/j.1532-5415.1996.tb01831.x

 22. Cricco M, Simonsick EM, Foley DJ. The impact of insomnia on cognitive functioning 
in older adults. J Am Geriatr Soc. (2001) 49:1185–9. doi: 10.1046/j.1532-5415.2001.49235.x

 23. Ferrie JE, Shipley MJ, Akbaraly TN, Marmot MG, Kivimäki M, Singh-Manoux A. 
Change in sleep duration and cognitive function: findings from the Whitehall II study. 
Sleep. (2011) 34:565–73. doi: 10.1093/sleep/34.5.565

 24. Loerbroks A, Debling D, Amelang M, Stürmer T. Nocturnal sleep duration and 
cognitive impairment in a population-based study of older adults. Int J Geriatr 
Psychiatry. (2010) 25:n/a–109. doi: 10.1002/gps.2305

 25. van Gelder BM, Tijhuis MA, Kalmijn S, Giampaoli S, Nissinen A, Kromhout D. 
Physical activity in relation to cognitive decline in elderly men: the FINE study. 
Neurology. (2004) 63:2316–21. doi: 10.1212/01.wnl.0000147474.29994.35

 26. Ku PW, Stevinson C, Chen LJ. Prospective associations between leisure-time 
physical activity and cognitive performance among older adults across an 11-year 
period. J Epidemiol. (2012) 22:230–7. doi: 10.2188/jea.je20110084

 27. Lindwall M, Cimino CR, Gibbons LE, Mitchell MB, Benitez A, Brown CL, et al. 
Dynamic associations of change in physical activity and change in cognitive function: 
coordinated analyses of four longitudinal studies. J Aging Res. (2012) 2012:493598. doi: 
10.1155/2012/493598

 28. Kimura N, Aso Y, Yabuuchi K, Ishibashi M, Hori D, Sasaki Y, et al. Modifiable 
lifestyle factors and cognitive function in older people: a cross-sectional observational 
study. Front Neurol. (2019) 10:401. doi: 10.3389/fneur.2019.00401

 29. Kimura N, Aso Y, Yabuuchi K, Ishibashi M, Hori D, Sasaki Y, et al. Association of 
modifiable lifestyle factors with cortical amyloid burden and cerebral glucose 
metabolism in older adults with mild cognitive impairment. JAMA Netw Open. (2020) 
3:e205719. doi: 10.1001/jamanetworkopen.2020.5719

 30. Barnes DE, Blackwell T, Stone KL, Goldman SE, Hillier T, Yaffe K, et al. Cognition 
in older women: the importance of daytime movement. J Am  Geriatr Soc. (2008) 
56:1658–64. doi: 10.1111/j.1532-5415.2008.01841.x

24

https://doi.org/10.3389/fpubh.2023.1215419
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1215419/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1215419/full#supplementary-material
https://doi.org/10.1016/S2468-2667(22)00044-5
https://doi.org/10.1016/S0140-6736(17)31363-6
https://doi.org/10.1016/S0140-6736(17)31363-6
https://doi.org/10.1016/S1474-4422(04)00767-7
https://doi.org/10.1016/S1474-4422(04)00767-7
https://doi.org/10.1093/sleep/18.6.425
https://doi.org/10.1038/nrneurol.2013.269
https://doi.org/10.1016/j.sleep.2015.08.021
https://doi.org/10.1111/j.1365-2796.2010.02281.x
https://doi.org/10.5664/jcsm.9584
https://doi.org/10.3389/fdgth.2022.869790
https://doi.org/10.5665/sleep.3562
https://doi.org/10.5665/sleep.2802
https://doi.org/10.1016/j.jagp.2015.12.002
https://doi.org/10.1016/j.jalz.2015.03.004
https://doi.org/10.1001/archinte.161.14.1703
https://doi.org/10.1001/jama.292.12.1447
https://doi.org/10.1001/jama.292.12.1447
https://doi.org/10.1212/WNL.0b013e3182535d35
https://doi.org/10.1001/archinternmed.2011.277
https://doi.org/10.1016/j.exger.2017.03.003
https://doi.org/10.1016/j.exger.2017.03.003
https://doi.org/10.1186/1471-2458-14-284
https://doi.org/10.1053/smrv.2002.0186
https://doi.org/10.1111/j.1532-5415.1996.tb01831.x
https://doi.org/10.1046/j.1532-5415.2001.49235.x
https://doi.org/10.1093/sleep/34.5.565
https://doi.org/10.1002/gps.2305
https://doi.org/10.1212/01.wnl.0000147474.29994.35
https://doi.org/10.2188/jea.je20110084
https://doi.org/10.1155/2012/493598
https://doi.org/10.3389/fneur.2019.00401
https://doi.org/10.1001/jamanetworkopen.2020.5719
https://doi.org/10.1111/j.1532-5415.2008.01841.x


Kimura et al. 10.3389/fpubh.2023.1215419

Frontiers in Public Health 07 frontiersin.org

 31. Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard C, et al. Physical 
activity and public health. A recommendation from the Centers for Disease Control and 
Prevention and the American College of Sports Medicine. JAMA. (1995) 273:402–7. doi: 
10.1001/jama.273.5.402

 32. Tworoger SS, Lee S, Schernhammer ES, Grodstein F. The association of self-
reported sleep duration, difficulty sleeping, and snoring with cognitive function in older 
women. Alzheimer Dis Assoc Disord. (2006) 20:41–8. doi: 10.1097/01.
wad.0000201850.52707.80

 33. Roh JH, Huang Y, Bero AW, Kasten T, Stewart FR, Bateman RJ, et al. Disruption 
of the sleep-wake cycle and diurnal fluctuation of β-amyloid in mice with Alzheimer’s 
disease pathology. Sci Transl Med. (2012) 4:150ra122. doi: 10.1126/scitranslmed.3004291

 34. Kang JE, Lim MM, Bateman RJ, Lee JJ, Smyth LP, Cirrito JR, et al. Amyloid-beta 
dynamics are regulated by orexin and the sleep-wake cycle. Science. (2009) 326:1005–7. 
doi: 10.1126/science.1180962

 35. Shokri-Kojori E, Wang GJ, Wiers CE, Demiral SB, Guo M, Kim SW, et al. 
β-Amyloid accumulation in the human brain after one night of sleep deprivation. Proc 
Natl Acad Sci U S A. (2018) 115:4483–8. doi: 10.1073/pnas.1721694115

 36. Rogers RL, Meyer JS, Mortel KF. After reaching retirement age physical activity 
sustains cerebral perfusion and cognition. J Am  Geriatr Soc. (1990) 38:123–8. doi: 
10.1111/j.1532-5415.1990.tb03472.x

 37. van Praag H, Kempermann G, Gage FH. Running increases cell proliferation and 
neurogenesis in the adult mouse dentate gyrus. Nat Neurosci. (1999) 2:266–70. doi: 
10.1038/6368

 38. Black JE, Isaacs KR, Anderson BJ, Alcantara AA, Greenough WT. Learning causes 
synaptogenesis, whereas motor activity causes angiogenesis, in cerebellar cortex of adult 
rats. Proc Natl Acad Sci U S A. (1990) 87:5568–72. doi: 10.1073/pnas.87.14.5568

 39. Cotman CW, Berchtold NC. Exercise: a behavioral intervention to enhance brain health 
and plasticity. Trends Neurosci. (2002) 25:295–301. doi: 10.1016/s0166-2236(02)02143-4

 40. Liang KY, Mintun MA, Fagan AM, Goate AM, Bugg JM, Holtzman DM, et al. 
Exercise and Alzheimer’s disease biomarkers in cognitively normal older adults. Ann 
Neurol. (2010) 68:311–8. doi: 10.1002/ana.22096

 41. Adlard PA, Perreau VM, Pop V, Cotman CW. Voluntary exercise decreases amyloid 
load in a transgenic model of Alzheimer’s disease. J Neurosci. (2005) 25:4217–21. doi: 
10.1523/JNEUROSCI.0496-05.2005

25

https://doi.org/10.3389/fpubh.2023.1215419
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1001/jama.273.5.402
https://doi.org/10.1097/01.wad.0000201850.52707.80
https://doi.org/10.1097/01.wad.0000201850.52707.80
https://doi.org/10.1126/scitranslmed.3004291
https://doi.org/10.1126/science.1180962
https://doi.org/10.1073/pnas.1721694115
https://doi.org/10.1111/j.1532-5415.1990.tb03472.x
https://doi.org/10.1038/6368
https://doi.org/10.1073/pnas.87.14.5568
https://doi.org/10.1016/s0166-2236(02)02143-4
https://doi.org/10.1002/ana.22096
https://doi.org/10.1523/JNEUROSCI.0496-05.2005


Frontiers in Public Health 01 frontiersin.org

Investigation of premenstrual 
syndrome in connection with 
physical activity, perceived stress 
level, and mental status—a 
cross-sectional study
Olívia Dózsa-Juhász 1*, Alexandra Makai 2, Viktória Prémusz 2, 
Pongrác Ács 2 and Márta Hock 1

1 Faculty of Health Sciences, Institute of Physiotherapy and Sport Sciences, University of Pécs, Pécs, 
Hungary, 2 Physical Activity Research Group, Szentagothai Research Centre, University of Pecs, Pécs, 
Hungary

Introduction: The premenstrual syndrome (PMS) is a critical factor in women’s 
health, which, in addition to physical inactivity, can be  influenced by the body 
mass index (BMI), stress, and mental state, among others. The study aimed to 
assess the severity of PMS symptoms among young women regarding physical 
inactivity, BMI, mental state, and perceived stress level.

Methods: A total of 198 female participants between the ages of 18–45 took 
part in a 6-month cross-sectional online questionnaire study. The average age of 
the participants was 25.37  ±  4.80  years. To assess physical activity, stress, mental 
state, and premenstrual symptoms, we  employed standard questionnaires, 
including the International Physical Activity Questionnaire-Short Form (IPAQ-SF), 
the Perceived Stress Scale (PSS), the General Health Questionnaire-12 (GHQ-12), 
and the Premenstrual Assessment Form-Short Form (PAF-SF). The collected data 
were analyzed using IBM SPSS (Statistical Package for Social Sciences) version 
28.0 software, with a significance level set at p  <  0.05.

Results: During the analysis, we  observed a significant relationship (p  =  0.020) 
between regular exercise and the severity of PMS symptoms, as well as between 
mental state and PMS symptoms (p  <  0.001). Furthermore, our findings revealed 
a significant negative correlation between regular physical activity and perceived 
stress levels (r  =  −0.179; p  =  0.012), as well as between regular exercise and the 
participants’ mental state (r  =  −0.157; p  =  0.027). Additionally, we  identified a 
significant difference (p  <  0.001) among the six subgroups formed based on the 
PAF-SF and average PSS questionnaire results. Moreover, a significant difference 
was observed between the PAF-SF case and control groups in terms of BMI 
averages (p  =  0.019).

Discussion: The research findings indicate that the severity of PMS symptoms is 
influenced by regular physical activity, mental state, and stress.

KEYWORDS

premenstrual syndrome, perceived stress, mental health, physical activity, cross 
sectional research
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1. Introduction

The premenstrual syndrome (PMS) significantly impacts women’s 
health and daily lives (1).

PMS encompasses a diverse array of emotional, behavioral, and 
physical symptoms that can persist for several days to weeks prior to 
menstruation and typically subside after the menstrual period 
commences (1). According to findings from a cohort study conducted 
in Zurich, approximately 8% of women aged 21–35 experience severe 
premenstrual symptoms, while an additional 14% experience moderate 
premenstrual symptoms (2). According to a more recent study among 
university students published in 2019, 49.9% (N = 642) of participants 
suffered from the severity of premenstrual symptoms (3).

Previous studies have also investigated the nature of PMS, its root 
causes, comorbidities, and possible remedies. Research findings 
indicate a correlation between stress and the onset and progression of 
PMS (4). Electroencephalogram stress tests showed that women with 
PMS had higher alpha activity and decreased breathing rate when they 
were under stressful conditions (5). Some studies have observed 
autonomic nervous system activation in women with PMS by 
introducing a stressor, for which they used the Montreal Imaging 
Stress Task, which was able to successfully activate brain areas 
belonging to the autonomic nervous system (6–8). The results of the 
study showed that compared to the control group, women with PMS 
had lower activity in the precentral gyrus and the right middle 
orbitofrontal gyrus during an acute stress task, while the brain activity 
in the right middle frontal gyrus was greater during the post-stress 
recovery process (9). Research was also carried out to find out what 
hormonal changes are behind certain stress factors. For example, they 
examined the cortisol awakening response (CAR) in women with 
PMS and concluded that a low CAR activity profile might be  an 
important factor in the development of PMS (10).

Depression, closely intertwined with stress, represents a significant 
concern and exerts a substantial influence on the severity of PMS 
symptoms. A study conducted among university students revealed a 
high prevalence of PMS, with 58.1% of students experiencing it, 
particularly among those at risk of depression, where the prevalence 
was significantly higher (11). A further systematic review has also 
confirmed that there may be  a positive correlation between 
postpartum depression and premenstrual syndrome, as these two are 
attributed to a common etiology and pathology (12).

The studies conducted in this area also highlighted a significant 
correlation between the severity of PMS symptoms and the level of 
physical activity. The results of a survey showed that the physical and 
psychological symptoms of the test and control groups indicated a 
significant difference following a 2-month exercise program. Overall, 
after 4 weeks of aerobic exercise, PMS was reduced by 31%, physical 
symptoms by 29%, and psychological symptoms by 33%. After 8 weeks, 
these reduction rates were 60%, 65%, and 52%, respectively, and these 
findings indicate that 4 weeks of aerobic exercise can be expected to 
reduce PMS symptoms. However, the reduction in PMS symptoms after 
8 weeks was significantly better than the results observed after 4 weeks 
(13). The results of another quasi-experimental study conducted in 2013 
among women aged 18–32 showed that aerobic exercise and walking 
effectively reduce the severity of physical symptoms of PMS (14). The 
symptoms of premenstrual syndrome have already been examined in 
connection with many factors, but no study has yet been conducted in 
Hungary that would have examined it in such a complex manner.

Our research aimed to assess the severity of PMS symptoms 
among young women and investigate how a sedentary lifestyle, body 
mass index, depression, and stress affect that and how the listed factors 
influence each other.

2. Materials and methods

2.1. Participants and procedure

The research was a cross-sectional survey conducted on an 
electronic interface. The measuring instrument employed consisted of 
both standard and custom-made questionnaires.

The data collection lasted from September 2022 to March 2023.
The research targeted women aged 18–45 who experienced 

symptoms of PMS during the parameterization phase. The sampling 
procedure used was convenience sampling.

Regarding exclusion criteria, the sample could not include women 
older than 45 years, who are pregnant, who have not menstruated for 
more than 3 months, or who suffer from premature ovarian failure.

The questionnaire was distributed to a total of 500 individuals, 
including members of women’s health-focused social media groups 
and universities in Hungary.

A total of 204 people filled out the questionnaire. In accordance with 
the selection criteria, the data of 198 participants were processed. Based 
on the exclusion criteria, 6 of them were excluded: 4 because of their age 
(those older than 45) and another 2 because of pregnancy (Figure 1).

Simultaneously with the cross-sectional study, we established two 
groups based on the outcomes of the Premenstrual Assessment Form-
Short Form questionnaire: a case group and a control group.

2.2. Data gathering instruments

The self-administered section of the assessment tool comprised 
general questions (covering socio-demographic, reproductive, and 
public health aspects, as well as anthropometric data) and standardized 
questionnaires embedded within the online survey.

We evaluated the subjects’ age and determined their body mass 
index (BMI) by measuring their weight and height (15).

During the survey, we examined the subjects’ lifestyle factors, 
including smoking, coffee, alcohol, and drug consumption habits. 
We gathered information about the characteristics of their menstrual 
cycle, such as the presence of pain and cramps, as well as the regularity 
of the cycle (considering a cycle between 21 and 35 days as regular). 
Additionally, we  assessed the occurrence of pregnancy 
and breastfeeding.

The survey contained general questions to collect data on the 
subjects’ physical activity.

An overview of the validated questionnaires used in the research 
is presented in the following subsections.

2.2.1. The general health questionnaire-12 item 
version

To assess the presence of depression, we utilized Goldberg’s 
12-item General Health Questionnaire (GHQ-12). The original 
questionnaire, comprising 60 questions, has undergone various 
useful adaptations over time. The GHQ-12 evaluates mental 
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health across four subscales: somatic symptoms, anxiety and 
insomnia, social dysfunctions, and severe depression. Participants 
responded to the 12 questions on a scale ranging from 0 to 3. 
When evaluating the GHQ-12, two scoring systems are commonly 
employed: the bimodal (0-0-1-1) and the Likert scoring (0-1-2-
3). The cut-off point for the bimodal scoring method is 2/3, with 
a maximum score of 12, while for the Likert scale, it is 8/9, with 
a maximum score of 36 (16, 17).

2.2.2. The perceived stress scale
To evaluate perceived stress, we  employed the validated 

Hungarian-language version of the Perceived Stress Scale (PSS). This 
questionnaire provides insights into the level of stress experienced in 
the past month. It consists of 10 questions, which respondents rate on 
a 5-point scale ranging from 0 to 4. Therefore, the lowest possible 
score is 0, and the highest is 40. During the assessment, based on the 
total scores, respondents can be categorized into three groups: 0–13 
points indicate a low level of perceived stress, 14–26 points show 
moderate perceived stress and 27–40 points reveal a high level of 
perceived stress (18, 19).

2.2.3. The international physical activity 
questionnaire-short form

We used the shortened version of the International Physical 
Activity Questionnaire (IPAQ-SF) to assess physical activity, validated 
in Hungarian. The questionnaire assesses the number of days and 
hours the subjects spend in heavy, moderate, or light physical work 
and examines the time all activities spent walking, lying down, and 
sitting for a period of 1 week (20).

2.2.4. The premenstrual assessment form—short 
form

We utilized the Hungarian-translated version of the shortened 
Premenstrual Assessment Form (PAF-SF), which comprises 10 
questions, to assess premenstrual symptoms. The questionnaire 

includes three subscales. The first subscale, “Affect,” examines 
increased irritability, bad mood, sad mood, stress, and feeling 
overworked. The second subscale focuses on “Water retention,” 
addressing issues like edema, limb swelling, bloating, and weight 
gain. The third and final subscale assesses “Pain,” encompassing 
lower abdominal cramps, back pain, joint pain, and breast 
tenderness. It is important to note that all questions pertain to 
the 7–14 days preceding menstruation, and respondents rate their 
experiences on a scale of one to six. The scale values are as 
follows: 1 = uncharacteristic or no change, 2 = minimal change, 
3 = slight change, 4 = moderate change, 5 = severe change, 6 = very 
severe change. The total score is calculated based on the responses 
to these questions, ranging from a minimum of 10 to a maximum 
of 60. According to several international studies, the diagnostic 
threshold is set at 27, and this criterion was employed to evaluate 
the gathered data (21).

Following the analysis of the PAF questionnaire results, we formed 
a control group and a case group to investigate individual factors 
associated with PMS symptoms.

2.3. Data analysis

For descriptive statistics, we  performed various statistical 
calculations, including minimum, maximum, mean (± standard 
deviation), and median (interquartile range) to provide 
characterization. The normality test was conducted using the 
Kolmogorov–Smirnov test. Based on the results, for examining the 
relationships between the factors, we employed Spearman correlation 
analysis and Pearson chi-square test to determine the impact of the 
influencing factors (PSS, GHQ-12, IPAQ-SF) of PMS multivariate 
linear regression analysis adjusted for age and BMI was applied 
furthermore, independent sample T-test and Mann–Whitney U-test 
was applied to examine and evaluate the differences between the case 
and control groups and subgroups of PMS.

FIGURE 1

Figure illustrating the sampling process.
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The statistical analysis of the study involved the use of Microsoft 
Excel 2016 and IBM SPSS version 28.0 (SPSS Inc., Chicago, IL, 
United States) as software tools.

The significance level was set at p < 0.05.

2.4. Ethical approval and consent to 
participate

The study was approved by the Institutional Review Board of the 
Regional Research Committee of the Clinical Center, Pécs, Hungary 
(No.: 9386-PTE 2022). Clinical Trials ID: NCT05811130. All the 
methods used were carried out under relevant guidelines and 
regulations. The data were processed anonymously and confidentially 
based on the Data Protection Act of Hungary.

The research was conducted in accordance with the principles of 
the Declaration of Helsinki: the subjects voluntarily agreed to the 
study, the participants were fully informed before the data collection 
phase, and they provided a written Declaration of Consent.

3. Discussion

The results of our study conducted on the average population 
showed that 53% of the participants suffered from moderate or severe 
PMS symptoms. Regarding the prevalence of PMS, according to a 
2001 study, 14% of women suffer from PMS (2), while as stated in a 
recent student survey in 2019, nearly 50% of participants suffer from 
PMS, which causes severe changes in the quality of life (3).

Our research findings revealed a notable distinction in the body 
mass index (BMI) averages between the PAF case and control groups, 
despite both groups falling within the normal range. A study conducted 
in 2015 recognized the association of various factors with premenstrual 
symptoms (PMS), encompassing both physical and psychological 
aspects. The study aimed to explore the relationship between 
cardiorespiratory endurance (CRF), regular physical activity (including 
exercise and sedentary behavior), BMI, and the physical and 
psychological symptoms of PMS. The results of their investigation led 
them to conclude that higher levels of CRF and engagement in physical 
activity were linked to reduced PMS symptoms, whereas higher BMI 
values were associated with more pronounced PMS symptoms (22). 
These findings can be compared with our research results.

Lifestyle factors can greatly influence the severity of PMS symptoms. 
The results of a current study showed a strong relationship between PMS 
and fried foods (p = 0.017), sweet drinks (p = 0.018), fast food (p = 0.048), 
fruit (p = 0.012), no habitual exercise (p = 0.006), family history of PMS 
(p = 0.002), hip circumference (p = 0.04), and body mass index (p = 0.04).

Our results confirm the assumption that regular physical activity 
has a beneficial effect on the symptoms of premenstrual syndrome 
(p = 0.02). During previous research, the extent to which 3 months of 
aerobic and walking-based physical exercises influence the physical 
and mental symptoms of PMS and pain caused by menstruation was 
examined. The results revealed a significant difference in physical 
symptoms after one menstrual cycle (14). Furthermore, research 
examining the impact of aerobic exercise also showed that even 
4 weeks of physical activity could have a beneficial effect on reducing 
PMS symptoms. However, the best results can be expected from 
aerobic physical activity performed for at least 8 or more weeks (13).

Our study also indicated a significant relationship between the 
tendency to depression and the strength of PMS symptoms 
(R = 0.485; p < 0.001). The aim of a 2016 study conducted on 618 
university students was to determine the frequency and 
influencing factors of premenstrual syndrome in first-year health 
students and examine the significance of the relationship between 
depression and PMS. The results included that the prevalence of 
PMS was significantly higher among students at risk of 
depression (11).

Examining the connection between PMS and perceived stress, the 
Spearman correlation analysis showed a significant positive 
relationship (R = 0.395; p < 0.001). A similar study of 215 college 
students aimed to identify associations between perceived stress, 
psychological resilience, and PMS and examine factors influencing 
PMS. Among their results obtained with Pearson correlation and 
regression analysis, it should be highlighted that PMS was positively 
correlated with perceived stress (23). The mentioned research results 
can be paralleled with those presented in our research.

Our research found a significant negative correlation between 
depression and physical activity (R = −0.157; p = 0.027); this can 
be paralleled with a previous meta-analysis, as a result of which a 
recent overview of the beneficial effect of exercise as an effective tool 
for the prevention and treatment of depression was given (24).

We discovered a significant negative correlation between regular 
physical activity and perceived stress level (R = −0.197; p = 0.012), 
which is also confirmed by the results found in the international 
literature (25). The outcome of their research—as well as our results—
suggest that there is increasing evidence that stress can negatively 
influence the willingness to engage in physical activity.

Based on the results of the multivariable linear regression model, 
the amount of perceived stress had a significant impact on 
premenstrual symptoms, while the effect of physical activity on 
premenstrual symptoms was confirmed indirectly through the 
correlation of perceived stress level.

Judging from the test results, during the third wave of COVID-19, 
the total activity of the women participating in this research was, on 
average, 695.88 min/week (N = 198). Our study was supported by a 
domestic research result, where the total physical activity of the 
participants dropped to 686 min/week during the third wave (26).

This preceding research also assessed the perceived stress level 
among the Hungarian population with the PSS questionnaire. The 
data measured during this research were also supported by other 
Hungarian research, as the average value we determined was 19.61 
points (N = 198). The standard value of perceived stress was 26.40 
points, compared to the one measured during the third wave of the 
Hungarian research, which was 20.09 points (18, 26).

Our research found a significant positive correlation between the 
perceived stress level and the tendency to depression (R = 0.803; 
p < 0.001). This result of our study is supported by many research 
findings presented in international publications (27, 28).

4. Results

The average age of the examined persons was 25.37 ± 4.80 years, 
and their average body height was 167.92 ± 5.71 cm. Their average 
body weight was 63.16 ± 13.42 kg, and the average body mass index 
was 22.38 ± 4.63 kg/m2.
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The following table shows the main characteristics of the people 
who participated in the research, important from the point of view of 
the investigation, in percentage distribution (Table 1).

4.1. Presentation of the evaluation and 
results of standardized tests on the average 
Hungarian population

Based on the results of PAF-SF, 53% (N = 105) of the subjects were 
positive, and 47% (N = 93) were classified as negative for PMS.

As a consequence of the evaluation of the GHQ-12, 60.1% 
(N = 119) of the subjects were considered positive regarding their 
mental state, and 39.9% (N = 79) were regarded as negative.

The obtained results of the IPAQ-SF showed that 41.4% (N = 82) 
of the respondents had performed intense exercise, and only 9.6% 
(N = 19) had performed low-intensity exercise in the past week, 
another 49% (N = 97) fell into the category of moderate physical activity.

Based on the total scores of PSS, using the grouping according to 
the given point limits, we found that 55.6% (N = 110) of the subjects 
suffer from moderate levels of stress. In comparison, 19.7% (N = 39) 
suffer from a high level of perceived stress in everyday life, and another 
24.7% (N = 49) were classified as having low-level perceived stress.

4.2. Presentation of the correlations 
between the results of the individual 
standardized questionnaires

The tables below show the average and standard deviation of the 
results of the standard questionnaires and other measuring instruments 
used, as well as the relationships between them (Tables 2, 3).

We built a linear regression model to investigate the 
relationships between the examined factors, such as stress, 
premenstrual symptoms and physical activity. Based on our 
results, the level of perceived stress had a significant effect on 
premenstrual symptoms (R2 = 0.154; F = 9.963, p < 0.001; 
B = 0.478, p < 0.001). We were able to verify the effect of physical 
activity on perceived stress with a multivariate model (R2 = 0.579; 
F = 68.853, p < 0.001; B < 0.001, p = 0.010).

4.3. Comparison of the results of PMS case 
and control groups based on the 
premenstrual assessment form short form 
questionnaire in Hungary

A notable disparity was observed in the average body mass index 
(BMI) between the two groups (p = 0.019). The control group had a 
mean BMI of 21.78 ± 4.40 kg/m2, whereas the case group had a mean 
BMI of 22.91 ± 4.77 kg/m2.

Moreover, a significant association was observed between the 
PMS case and control groups and the variables of the 12-item 
General Health Questionnaire (GHQ-12; p < 0.001). Within the 
PMS control group, 59.1% of the participants exhibited no 
inclination toward depression, whereas 77.1% of the subjects in 
the PMS case group were identified as being susceptible 
to depression.

It was also shown that there is a significant relationship between 
painful cramps accompanying menstruation and PMS symptoms 
(p = 0.002). In the PMS control group, 72.0% of the subjects stated 
that they have painful cramps during menstruation, while 89.5% of 
the participants in the PMS case group answered yes to the 
same question.

TABLE 1 Frequency of the main characteristics of the examined group in percentage distribution (N  =  198).

Characteristics Percentage distribution (N  =  198)

Smoking 11.1% (N = 22)

Coffee consumption 65.2% (N = 129)

Has irregular menstruation 21.2% (N = 42)

On a scale from 1 to 5, the severity of the bleeding is rated as 3 46.5% (N = 92)

The most common answer to the length of menstrual bleeding: are 5 days 35.9% (N = 71)

Has intermittent bleeding 11.1% (N = 22)

Has painful and spasmodic menstruation 81.3% (N = 161)

Reported a pain of at least 7 on the VAS scale during the bleeding 19.7% (N = 39)

Taking birth control pills 26.3% (N = 52)

Has a previous diagnosis of PCOS 14.6% (N = 29)

Gave birth at least once 12.6% (N = 25)

Had an artificial or spontaneous abortion 4.0% (N = 8)

Has a previous diagnosis of depression 5% (N = 10)

Had surgical intervention 39.4% (N = 78)

The most common surgical intervention was: tonsillectomy (n = 27); other: knee surgery (n = 6)

Uses a relaxation method 16.6% (N = 33)

Most common: meditation (n = 15); other: yoga (n = 9)

Uses a sedative 4.5% (N = 9)

Most common: valerian (n = 4); other: Xanax, Frontin, lemongrass tea (n = 5)
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It has been proven that the average scores of the Perceived Stress 
Questionnaire differ significantly (p < 0.001) in each PAF subcategory 
(6 categories created by the authors). The PSS scores of the PAF 
subcategories are as follows in Table 4.

4.4. Strengths and limitations

The strengths of the research include that there has not been a 
similarly comprehensive study on the topic regarding the Hungarian 
population before this study.

It should be emphasized that the IPAQ-SF assesses all physical 
activity and does not separately ask about leisure activities or physical 
activity for recreational purposes.

This research also had limitations. The willingness to fill in online 
questionnaire research is low, and the size of the sample is not 
representative enough; ergo, it is necessary to carry out similar studies 
on a larger sample in the future.

4.5. Conclusion

Based on our findings, we  observed a significant positive 
correlation between PMS and depression, stress and depression, 
and stress and PMS symptoms. Furthermore, a significant 
negative correlation was detected between the level of physical 

activity and the propensity for depression, as well as between the 
level of physical activity and perceived stress levels.

Additionally, our subsequent findings revealed a significant 
correlation between the subcategories of BMI and levels of physical 
activity. Furthermore, we identified a significant relationship between 
the severity of premenstrual syndrome symptoms and the levels of 
physical activity.

The findings revealed a significant disparity in the body mass 
index (BMI) averages between the PAF case and control groups. 
Additionally, the Pearson chi-square test indicated a significant 
relationship between the PMS case and control groups concerning 
the average scores of the GHQ-12. Furthermore, a significant 
connection was observed between the presence of painful cramps 
during menstruation and PMS symptoms.

In summary, we can conclude that physical activity level, body 
mass index, the tendency to depression, and perceived stress level are 
in relationship with the severity of PMS symptoms, and physical 
activity is related to changes in body mass index.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement
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approved by Institutional Review Board of the Regional Research 
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TABLE 2 Presentation of the arithmetic characteristics of the results of the standard questionnaires and other measuring instruments used (N  =  198).

Mean
Standard 
deviation

Minimum, 
maximum

Median Interquartile range

BMI (kg/m2) 22.38 4.63 16.22; 44.98 21.15 19.46; 24.16

GHQ-12 (points) 4.43 3.58 1.00; 8.00 4.00 1.00; 8.00

PAF-SF (points) 28.08 9.49 21.00; 35.00 27.00 21.00; 35.00

PSS (points) 19.61 7.98 13.75; 26.00 20.00 13.75; 26.00

IPAQ-SF (min/week) 695.88 732.96 277.50; 791.25 510.00 277.50; 791.25

TABLE 3 Presentation of the relationships between the results of the 
standard questionnaires and other measuring instruments (N  =  198).

Variable Test value and 
singnificance

IPAQ-SF and PSS R = −0.197; p = 0.012*

IPAQ-SF and GHQ-12 R = −0.157; p = 0.027*

PSS and GHQ-12 R = 0.803; p < 0.001*

PSS and PAF-SF R = 0.395; p < 0.001*

GHQ-12 and PAF-SF R = 0.485; p < 0.001*

IPAQ-SF and BMI χ² = 27.701; p = 0.001**

IPAQ-SF and PAF-SF χ² = 5.584; p = 0.02**

PAF-SF and GHQ-12 χ² = 27.075; p < 0.001**

PAF-SF and menstrual cramps χ² = 9.918; p = 0.002**

PAF-SF 6 subcategories and PSS T = −5.019; p < 0.001***

PAF-SF case and control group and BMI Z = −2.346; p = 0.019****

*Spearman correlation analysis; **Pearson’s Chi-square test; ***Independent sample T-test; 
****Mann–Whitney U-test.

TABLE 4 Presentation of the PSS scores of the PAF subcategories 
(N  =  198).

PAF-SF 
subcategories

Mean and 
standard deviation 

(points)

Distribution 
(N; %)

1. 9.00 ± 0.00 1; 0.50

2. 16.50 ± 8.77 44; 22.22

3. 17.92 ± 7.15 78; 39.39

4. 21.80 ± 6.64 51; 25.75

5. 26.18 ± 6.46 22; 11.11

6. 30.50 ± 0.70 2; 1.01
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Effectiveness of exercise 
interventions on fall prevention in 
ambulatory community-dwelling 
older adults: a systematic review 
with narrative synthesis
Munseef Sadaqa 1, Zsanett Németh 1, Alexandra Makai 2, 
Viktória Prémusz 1,3*  and Márta Hock 2

1 Faculty of Health Sciences, Doctoral School of Health Sciences, University of Pécs, Pécs, Hungary, 
2 Faculty of Health Sciences, Institute of Physiotherapy and Sport Science, University of Pécs, Pécs, 
Hungary, 3 Physical Activity Research Group, Szentágothai Research Centre, Pécs, Hungary

Objective: To present a systematic review of randomized controlled trials which 
summarizes the effects of community-based resistance, balance, and multi-
component exercise interventions on the parameters of functional ability (e.g., 
lower extremities muscle strength, balance performance and mobility).

Methods: This PROSPERO-registered systematic review (registration no. 
CRD42023434808) followed the PRISMA guidelines. Literature search was conducted 
in Cochrane, Embase, Ovid Medline, PEDro, Pubmed, Science Direct, Scopus and 
Web of Science. We included RCTs that investigated the following interventions: 
lower extremity strengthening, balance and multi-component exercise interventions 
on ambulatory community-dwelling adults aged ≥65 years.

Results: Lower extremity strengthening exercises revealed significant effects on 
the strength of lower extremity, balance outcomes and mobility. Balance exercises 
reduce the rate of injurious falls, improve static, dynamic and reactive balance, lower 
extremity strength as well as mobility. Multi-component exercise training reduces 
medically-attended injurious falls and fallers, incidence of falls, fall-related emergency 
department visits as well as improves mobility, balance, and lower extremity strength.

Conclusion: Physical exercises are effective in improving the components of 
balance, lower extremity strength, mobility, and reducing falls and fall-related 
injuries. Further research on fall prevention in low-income countries as well as for 
older adults in vulnerable context is needed.

KEYWORDS

fall, older adults, exercise, strength, balance, multi-component

1. Introduction

One-third of older adults aged 65 years or over fall each year, and 50% of them fall repeatedly 
(1). According to the World Health Organization (WHO) (2), falls are the second leading cause 
of unintentional injury deaths globally, and the literature shows that 40% of community-dwelling 
older adults who are over 65 years experience fall accidents annually (3). In Europe, every year 
approximately 36,000 older adults (65 years and above) die from falls (data 2010–2012). Of these, 

OPEN ACCESS

EDITED BY

Radenko M. Matic,  
University of Novi Sad, Serbia

REVIEWED BY

Juan Luis Sánchez González,  
University of Salamanca, Spain  
José Eduardo Teixeira,  
Polytechnic Institute of Bragança (IPB), 
Portugal

*CORRESPONDENCE

Viktória Prémusz  
 premusz.viktoria@pte.hu

RECEIVED 20 April 2023
ACCEPTED 20 July 2023
PUBLISHED 03 August 2023

CITATION

Sadaqa M, Németh Z, Makai A, Prémusz V and 
Hock M (2023) Effectiveness of exercise 
interventions on fall prevention in ambulatory 
community-dwelling older adults: a systematic 
review with narrative synthesis.
Front. Public Health 11:1209319.
doi: 10.3389/fpubh.2023.1209319

COPYRIGHT

© 2023 Sadaqa, Németh, Makai, Prémusz and 
Hock. This is an open-access article distributed 
under the terms of the Creative Commons 
Attribution License (CC BY). The use, 
distribution or reproduction in other forums is 
permitted, provided the original author(s) and 
the copyright owner(s) are credited and that 
the original publication in this journal is cited, 
in accordance with accepted academic 
practice. No use, distribution or reproduction is 
permitted which does not comply with these 
terms.

TYPE Systematic Review
PUBLISHED 03 August 2023
DOI 10.3389/fpubh.2023.1209319

33

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2023.1209319&domain=pdf&date_stamp=2023-08-03
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1209319/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1209319/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1209319/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1209319/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1209319/full
mailto:premusz.viktoria@pte.hu
https://doi.org/10.3389/fpubh.2023.1209319
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2023.1209319


Sadaqa et al. 10.3389/fpubh.2023.1209319

Frontiers in Public Health 02 frontiersin.org

88% of cases are related to people aged 75 years or older and 59% of 
cases are related to women (4).

Physical inactivity and deficits in functional ability (e.g., reduced 
lower limbs muscular strength and impaired balance ability) have 
been identified as independent contributors to falls and fall-related 
injuries (e.g., head injuries and hip fractures) among older adults 
(5–8). Even though they are critical risk factors for older adults, they 
are modifiable and preventable through exercises (7, 9, 10). Falls also 
have economic burdens such as medications, hospital admissions, and 
extended rehabilitation services (2, 11).

Exercise training is broadly recognized as an appropriate 
intervention strategy for improving functional performance in older 
adults, reducing the aforementioned risk factors, and consequently 
minimizing the risk of falling (12–14). Additionally, the reduction of 
physical inactivity has been shown to have positive economic impacts 
on national, social, and individual levels (15).

Cognitive decline also occurs during normal aging (16), which is 
considered a significant factor in increased functional dependence 
and fewer activities of daily living among older adults (17). According 
to previous studies, older adults who exercised three times a week for 
6 months showed improvements in global and executive cognitive 
functions as well as a general deceleration of the aging process 
(18, 19).

Accordingly, the WHO recommends that older adults aged over 
65 years adopt an active lifestyle that ensures the performance of 
physical activity of moderate intensity for a minimum of 150 min 
weekly (20, 21), as well as engage in fall prevention exercises (22). 
This moderate amount of physical activity has been shown to reduce 
the risk factors associated with falls by up to 50% by reducing 
functional limitation in older persons, and eventually reducing the 
risk of falls (13).

Several studies (23–28) have concluded that strength, balance, and 
aerobic-based training is effective in reducing falls among older adults 
in general and up to 50% in community-dwelling older adults 
specifically, with gains that may last as the training is maintained (29). 
In their clinical guideline for the prevention of falls, the American 
Geriatrics Society and British Geriatrics Society Clinical Practice 
recommend that the prevention of fall risk factors should include gait 
training, resistance, and balance exercises (30).

Studies on resistance exercises reported their effectiveness in 
mitigating reduced muscle strength, and that these types of exercises 
are considered an essential element of a multi-component exercise 
fall prevention strategy (31, 32). Furthermore, there is a considerable 
body of literature on balance exercises and their effectiveness in 
reducing the risk of falling among community-dwelling older adults 
(23, 33–36).

Previous systematic reviews and meta-analyses explored the effects 
of exercise on fall prevention among older people. However, these 
reviews and meta-analyses were conducted in a younger age group 
(60 years and over) (23, 27) compared with our present review and in 
participants with Parkinson’s disease, stroke, and cognitive impairment 

(26) who had mixed living settings (living in the community, nursing 
homes, and higher dependency places of residence) (35, 37). They 
concluded that exercises as a stand-alone intervention can significantly 
reduce the rate of falls (23, 26, 27, 35, 37) and the risk of falling (23, 27).

To the best of our knowledge, despite the current interest in the 
topic, there is a lack of systematic reviews on fall prevention strategies 
that address the effectiveness of exercise training, specifically on 
ambulatory community-dwelling older adults aged 65 years or older. 
Therefore, our current review aims to present a systematic review of 
randomized controlled trials (RCTs) that summarizes the effects of 
resistance, balance, and multi-component exercise interventions. 
These interventions consist mainly of combined resistance and 
balance exercises in addition to one or more types of exercises, namely, 
aerobic, walking, and weight-bearing, on the parameters of functional 
ability (e.g., lower extremities muscle strength, balance performance, 
and mobility), which accordingly prevent falls in ambulatory 
community-dwelling adults aged 65 years and over.

2. Methods

The current systematic review is presented in accordance with the 
guidelines of PRISMA 2020 (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses literature search extension) (38). The 
review was registered on PROSPERO with the following registration 
no. CRD42023434808.

2.1. Data sources and search strategies

Two consecutive searches were conducted by two researchers (MS 
and ZN) independently. The initial search was limited to studies in 
English published from 1 January 2015 to 30 December 2020, then the 
search was conducted again on 7 August 2021 for publications 
published from 1 January 2021 to 7 August 2021 in the following 
electronic databases: Cochrane Central Register of Controlled Trials, 
Embase, Ovid Medline, PEDro, Pubmed, Science Direct, Scopus, and 
Web of Science. The search was supplemented by a manual review of 
reference lists from included primary studies and review articles to 
find additional studies on the subject (Table 1).

All research papers were first retrieved, and Zotero 6.0.26 (a 
reference manager created at the Roy Rosenzweig Center for 
History and New Media at George Mason University, Virginia, 
United States) was utilized to remove duplicates. Next, titles and 
abstracts were screened independently by two researchers (MS and 
ZN), and finally, the full texts of the remaining studies were assessed 
to determine eligibility. Disagreements between the two researchers 
were resolved through discussion and mutual consent, or by a third 
assessor (MH). After the abstract and full-text analysis, the Cohen’s 
Kappa-coefficient (K score) was calculated to weigh the level of 
agreement between the two reviewers.

2.2. Eligibility criteria

Based on PICOTS, studies were included if they were written in 
English, were RCTs on community-dwelling adults aged ≥65 years, and 
included the following interventions: lower limb strengthening 

Abbreviations: 2MST, 2-minutes step test; ABC, Activities-specific balance 

confidence; CST, Chair standing test; F8WT, Figure-of-8 walking test; FSST, Four 

square step test; MME, Multimodal exercise; RCT, Randomized controlled trial; 

SE, Stretching exercises; SLST, Single leg stance test; TUGT, Timed up and go test; 

WHO, World Health Organization.
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exercises, balance exercises, and multi-component exercise 
interventions that consist of resistance and balance exercises in 
addition to one or more types of exercises, namely, aerobic, walking, 
and weight-bearing. Studies were excluded if (I) they involved residents 
of nursing homes and inpatients, (II) involved participants with a 
diagnosis of multiple sclerosis, cancer, Parkinson’s or Alzheimer’s 
disease, stroke, recent fractures, vision or cognitive impairments, or 
other chronic conditions associated with aging, (III) they were on 
non-human participants, (IV) they were based on interventions of 
video games, web-based programs, Tai Chi, Otago exercise program, 
multifactorial components that combine exercises and non-exercise 
interventions, yoga, dance therapy, or water-based exercise program, 
and (V) were non-RCTs, cohort studies, cross-sectional studies, 
reviews, conference abstract/papers, surveys, opinion pieces, 
commentaries, books, periodicals, editorials, case studies, non-peer-
reviewed articles, masters dissertations, and doctoral theses.

2.3. Data extraction

Two reviewers independently extracted the following data from 
each study: author, publication year, study title, aim and design, 
number and demographic data of participants, the type of intervention 
such as lower limb strengthening exercise training, balance exercise 
training, and multi-component exercise training, duration, frequency, 
and settings of intervention, equipment used, outcome measures, 
results, and limitations.

2.4. Risk of bias assessment

One review author (MS) carried out the risk of bias assessment 
using Cochrane’s Risk of bias tool among six domains: random 
sequence generation, allocation concealment, blinding of participants 
and personnel, blinding of outcome assessment, incomplete outcome 
data, and selective reporting (38).

3. Results

3.1. Study selection

From 1,161 yielded studies, 288 duplicates were excluded. Then, 
following title and abstract screening, another 729 were excluded. The 
remaining studies were assessed against the inclusion and exclusion 
criteria and 29 studies in total were eligible to be  included in the 
systematic review (Figure 1). To measure the inter-rater reliability 
between the two reviewers, a K score was calculated at abstract level 
(0.82) and at full-text level (0.86), which showed a high level of 
agreement. The included studies involved 4,330 participants, of which 
4,121 adhered to the end of the studies and were analyzed for the 
outcome measures. The participants’ average age ranged from 66.4 to 
82.4 years, and all were community-dwelling older adults. The 29 
included studies were only RCTs.

3.2. Setting and training equipment

Interventions were mainly conducted in gyms, exercise halls, 
community facilities (5, 32, 39–41), combined gyms, home-based 
locations (42–45), and laboratories (46, 47). Some studies did not 
report the intervention setting, however, a gym/community setting 
was likely from the description of interventions (48–65).

A variety of training equipment was used: resistance training 
machines (32, 45, 46, 49, 52, 53, 55, 61), recumbent trainer, seated 
stationary cycle ergometer, treadmills, climber, bike recline (32, 47, 49, 
52), weighted equipment such as cuff and vest weights (5, 32, 39–41, 
45, 50, 55, 63, 65), elastic bands/tubing (39–41, 53, 56, 58, 59), free 
weights (45, 52), body weight (5, 44, 48), balls (39, 42, 44, 50, 51), step-
boards (5, 39, 45), chairs (5, 50), equipment used for balance training 
such as tripping boards, slipping tiles, balance foams, wedged soft mat, 
soft pads, non-inverted BOSU® balls, inverted BOSU® balls, balance 
cushions, balance beams, semicircular blocks, Posturomed®, wobble 
boards, and inflatable discs (39–41, 43, 48, 52, 53, 57). One study 

TABLE 1 Search strategy.

Database Search strategy

Cochrane Library, Embase, Pubmed, Science 

Direct, Scopus, and Web of Science

((senior* OR elder* OR old) AND (exercis* OR train*) AND (effect* OR benefit*) AND (lower limb* OR lower extremit*) 

AND (fall*))

PEDro Abstract & Title: fall* exercis*

Subdiscipline: gerontology

Method: clinical trial/practice guideline

Published Since: 2015

When Searching: Match all search terms (AND)

Ovid Medline  1. “Aged, 80 and over”/ or Aged/

 2. Limit 1 to (abstract and English language and yr. = “2015-Current and (“all aged (65 and over)”) and (clinical trial, all or clinical trial or 

randomized controlled trial))

 3. Accidental Falls/pc [Prevention & Control]

 4. Limit 1 to (abstract and English language and yr. = “2015-Current” and (“all aged (65 and over)”) and (clinical trial, all or clinical trial or 

randomized controlled trial))

 5. Polymetric Exercise/ or Exercise Therapy/ or Exercise/

 6. Limit 1 to (abstract and English language and yr. = “2015-Current and (“all aged (65 and over)”) and (clinical trial, all or clinical trial or 

randomized controlled trial))

 7. 2 and 4 and 6
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reported that they used small, low-cost equipment as well (e.g., towels 
and bottles) (44), whereas five studies did not clearly report any 
equipment used, however, they could have merely used body weight 
for exercises (54, 60, 62, 64, 65).

3.3. Dosage of exercise programs

The duration of exercise interventions ranged from 15 min (44) to 
90 min (53, 64, 65) per session, the frequency of interventions ranged 

from once a day (43) to five times a week (62), and the duration of the 
exercise programs ranged from 1 week (47, 57) to 2 years (5, 42).

3.4. Results according to intervention

3.4.1. Lower limb strengthening exercise training
Seven of the included studies contained lower limb strengthening 

exercises as the only intervention or one of a multi-component 
intervention. They used different modalities and showed significant 

FIGURE 1

Flow of the studies screened.
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improvements in lower extremities strength (using dynamometer, 
five times sit to stand test, and chair rise test), balance (activities 
specific balance confidence (ABC) scale, berg balance scale, one leg 
standing test, Y-balance test, and functional reach test), mobility 
(6-minute walk test, timed up and go test (TUGT), and 30-second 
chair stand test), days survived without a fall or near-fall, gait 
(functional gait assessment) (32, 46, 52–54, 56, 59). One study did 
not show significant change in static balance (single leg stance 
assessment with eyes closed on the dominant and single leg stance 
assessment with eyes closed on the non-dominant) or eccentric 
strength (maximal eccentric strength) (46). Another study did not 
show significant improvement in TUGT, except when exercise was 
combined with neuromuscular electrical stimulation (54). Table 2 
shows a complete summary of the key data extracted from the studies 
on strengthening exercise interventions.

3.4.2. Balance exercise training
Ten studies compared balance exercise interventions to non-active 

controls (usual daily activities and social programs), and those that 
used different balance interventions methods showed significant 
improvements in muscle strength [chair standing test (CST), four 
square step test (FSST), and 2-min step test (2MST)], balance [single 
leg stance test (SLST), one leg standing test, tandem stance test, ABC 
scale, modified Clinical Test of Sensory Organization and Balance, 
local dynamic stability, and balance recovery], gait and mobility 
(TUGT, 6-min walk test, five times chair stand test, and functional 
reach test), lower rate of falls, reduction in the rate ratio of all falls, and 
slip falls (42, 43, 47, 50, 53, 57, 60, 62, 64, 65).

One RCT compared an enhanced balance program with a 
standard balance program on sit-to-stand test repetitions. The study 
revealed no significant difference between the two groups in sit-to-
stand test repetitions. There was a statistically significant improvement 
in sit-to-stand test repetitions from pre- to post-intervention for both 
standard balance and enhanced balance exercise groups (39).

A study in this review scrutinized the effects of an 8-week square-
step exercise in older fallers. The composite balance score as a marker 
of postural control was significantly higher in the square-step exercise 
group compared with the vestibular exercise group. Adaptation test 
was utilized to assess the ability to control motor reactions after an 
unexpected change in position (dynamic balance). Square step 
exercise did not show significant results compared with vestibular 
exercise neither in toes up nor in toes down (48). Table 3 shows a 
complete summary of the key data extracted from the studies on 
balance exercise interventions.

3.4.3. Multi-component exercise training
Seven studies that compared multi-component exercise 

interventions to non-active controls showed significant improvements 
in lower extremities strength (isometric leg extension strength, CST, 
and knee extensors strength), static balance (backward walking, 
Romberg test, and postural sway), proactive balance (functional reach 
test), reactive balance, and mobility, as well as showed lower medically-
attended injurious falls and a decrease in the frequency of fallers (5, 
44, 45, 49, 51, 55, 58).

An RCT by Li and colleagues aimed to assess the effectiveness of 
multimodal exercise (MME) training consisting of balance, aerobics, 
strength, and flexibility activities relative to stretching exercises (SE) 
in reducing the incidence of falls in older adults. MME showed a 

significantly lower incidence of falls (16 per 100 person-months) 
compared with SE (27 per 100 person-months). For total walking 
duration in instrumented-TUGT and short physical performance 
battery, which measured repeated chair stands, three increasingly 
challenging standing balance tasks, and a 4-m speed walk, the MME 
group performed significantly better than those in the SE group (40).

Another RCT aimed to assess the longer-term effectiveness of 
multimodal exercise (MME) training consisting of balance, aerobics, 
strength, and flexibility activities relative to therapeutic Tai Ji Quan: 
Moving for Better Balance (TJQMBB) and SE in decreasing injurious 
falls among older adults at high risk of falling. For moderate and 
serious injurious falls, MME demonstrated significantly lower 
incidence compared with SE (41). One RCT examined the effect of an 
8-week-long two-exercise routine: 1. Strength and core stability 
training, which consisted of core stability (planks, climb exercise, and 
supine bridge) and strengthening exercises and 2. Strength and 
aerobic training, which consisted of aerobic exercises (bike recline and 
treadmill) and strengthening exercises. Lower limb strength was 
assessed by a 30-s chair stand test, aerobic ability by 2MST, and finally 
static balance by SLST. In the strength and core stability training 
group, tests revealed significant differences in the 30-s chair stand test, 
in the left SLST, in the right SLST, and finally in 2MST (61). In the 
strength and aerobic training group, there was only a significant 
difference between pre- and post-tests for 2MST. Others examined the 
effectiveness of an 8-week complex exercise program on walking 
ability and fall efficacy compared to a general exercise program. The 
complex exercise program consisted of resistance exercises to 
strengthen trunk, stretching exercises to increase flexibility, and 
aerobic exercises. FSST was used to assess complex walking ability. 
Figure-of-8 walking test (F8WT) is another test that is used to 
measure curved walking ability. During F8WT, the subject is asked to 
walk a “figure of 8” pattern around cones, the number of steps and 
time to accomplish the test are considered. For FSST and F8WT, in the 
complex exercise program and general exercise program there was 
significant difference between pre and post-tests. In addition, there 
was a significant difference between the complex exercise program 
and general exercise program for FSST, but not for F8WT. The results 
signify complex exercise program effectiveness in improving balance 
skills while changing direction and following a curved line (63). 
Table 4 shows a complete summary of the key data extracted from the 
studies on multi-component exercise interventions.

3.4.4. Risk of bias
The result of the risk of bias summary and risk of bias graph are 

available in Supplementary Figures S1, S2, respectively. For random 
sequence generation and allocation concealment, more than 50% of 
the studies showed unclear risks as they were not clearly described. 
For blinding of participants and personnel and blinding of outcome 
assessment, slightly over 50% of the studies showed low risk. Almost 
75% of the studies had low risk in the domain of incomplete 
outcomes. All studies except one demonstrated a low risk for 
selective reporting.

4. Discussion

This systematic review aimed to present a summary of the 
effectiveness of resistance, balance, and multi-component exercise 
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TABLE 2 A complete summary of the key data extracted from studies of strengthening exercise intervention.

References Participants
Interventions 
modality

Duration Outcomes Summary of results

Eckardt (52) 83 (48 women, 35 men)

Age 65–80
 - M-SRT

 - M-URT: followed a similar 

training program with M-SRT, 

but with additional unstable 

devices placed between the 

participant and the exercise 

machine or floor, respectively, 

F-URT using dumbbells

10 weeks  - Isometric leg extension strength

 - CRT: muscle power

 - TUGT: proactive balance

 - FRT: proactive balance

 - PRT: reactive balance

 - Significant improvements for all 

outcome measures in all 

intervention groups

Hamed et al. (53) 63 (women and men)

Age 65–80  - Lower extremity muscle 

strength using resistance 

training machines and Thera® 

bands with different stiffness

 - Perturbation-based dynamic 

stability on different unstable 

undergrounds

14 weeks

 - LoS

 - MoS at release

 - MoS at touchdown

 - BoS at touchdown

 - Maximum voluntary isometric knee 

extension moment

 - Maximum voluntary isometric 

ankle plantar flexion moment

- Significant improvements for MoS 

and knee and ankle momentum in 

muscle strength group

-Significant improvement for LoS, 

MoS and ankle momentum muscle 

strength group

Jang and Park (54) 30 (women only)

Age ≥ 65  - Lower limb muscle 

strengthening

4 weeks

 - STST: functional lower limb muscle 

strength, balance control ability, and 

fall risk

 - TUGT: functional mobility and 

dynamic balance ability

 - OLST: static balance

 - YBT: dynamic balance

- Significant differences in STST, 

OLST and YBT

- No significant difference with 

TUGT

Johnson et al. (46) 30 (16 women, 14 men)

Age 68.2 ± 3.7  - Eccentric exercise on a 

specialized eccentric 

exercise machine

8 weeks

 - 30CST: mobility

 - BBS: holistic assessment of balance

 - SLS-EC:D and SLS-EC:ND: balance

 - FGA: gait

 - TUGT: mobility

 - MES: Maximal eccentric strength

- Significant improvement in for 

30SCST, BBS, FGA and TUGT

- No significant improvement in 

SLS-EC:D, SLS-EC:ND and MES

LaStayo et al. (32) 134 (47 men, 87 women)

Age ≥ 65  - Resistance exercise via 

negative, eccentrically-induced 

work (RENEW)

 - Traditional (TRAD) resistance 

exercise

3 months

 - 6MWT: mobility

 - ABC Scale: self-reported level of 

balance confidence

 - Leg extensor muscle power

 - Fall and near-fall events (days 

survived without a fall or near-fall)

-No significant difference between 

RENEW and TRAD in 6 MWT

-No significant difference between 

RENEW and TRAD in ABC Scale

-No significant difference between 

RENEW and TRAD in leg extensor 

muscle power

-No significant difference between 

RENEW and TRAD in the number 

of days survived without fall

Lee and Lee (56) 30 (women only)

Age ≥ 65
 - Closed and open kinetic chain 

exercises using elastic bands

4 weeks  - OLST: static balance

 - FRT: dynamic balance

- Significant difference in OLST and 

FRT

- No significant difference between 

the two groups

Pourtaghi et al. (59) 70 (48 women, 22 men)

Age ≥ 65
 - Resistance training using 

Thera-Band

6 weeks
 - Lower extremity strength (leg press, 

twin press, front thigh press, back 

thigh press, and posterior leg press) 

using a dynamometer

- Significant ↑ in both lower 

extremities strength

30SCST, 30-Second Chair Stand Test; 6 MWT, 6-Minute Walk Test; ABC, Activities Specific Balance Confidence; BBS, Berg Balance Scale; BoS, Base of support; CRT, chair Rise Test; F-URT, 
Free-weight Unstable Resistance Training; FGA, Functional Gait Assessment; FRT, Functional Reach Test; LoS, Limits of Stability; M-SRT, Machine-based Stable Resistance Training; M-URT, 
Machine-based Unstable Resistance Training; MES, Maximal Eccentric Strength; MoS, Margin of Stability; OLST, One Leg Standing Test; PRT, Push and Release Test; SLS-EC,D, Single Leg 
Stance assessment with Eyes Closed on the Dominant; SLS-EC,ND, Single Leg Stance assessment with Eyes Closed on the Non-Dominant; STST, Sit To Stand Test; TUGT, Timed Up and Go 
Test; YBT, Y-Balance Test.
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TABLE 3 A complete summary of the key data extracted from studies of balance exercise intervention.

References Participants
Interventions 
modality

Duration Outcomes Summary of results

Arghavani et al. (50) 60 (men only)

Age 65–80  - Perturbation training: 

catching, throwing, dribbling 

and passing balls while sitting 

and standing on stable and 

unstable surfaces

 - Balance training: standing 

balance, walking balance and 

strength training

8 weeks

 - ABC: balance confidence

- Significant ↑ in Balance 

confidence in both training 

programs

Arnold et al. (39) 28 (women and men)

Age ≥ 65  - Standard balance: progressive 

strengthening for upper and 

lower body, 10 to 15 min 

functional balance exercises

 - Enhanced balance: same as 

above, with the addition of a 

progressive core stabilization

9 weeks

 - STST: balance and postural control

 - MoS: balance and postural control

- Significant improvement in STST

for both interventions

- No significant improvement in 

MoS for both interventions

El-Khoury et al. (42) 706 (women only)

Age 75–85  - Progressive balance training: 

postural stability, muscle 

extensibility, joint flexibility, 

balance, reaction time, 

coordination, muscle strength 

and internal sense of spatial 

orientation

2 years

 - Rate of serious injurious falls

 - Rate of moderate injurious falls

 - Rate of all falls

 - TUGT: balance, gait, and motor function

 - 6MWT: balance, gait, and motor function

 - 5TSST: balance, gait, and motor function

 - SLST: balance, gait, and motor function

- Significant improvements

in all balance and gait

tests at one and 2 years

Hamed et al. (53) 63 (women and men)

Age 65–80  - Lower extremity muscle 

strength using resistance 

training machines and Thera® 

bands with different stiffness

 - Perturbation-based dynamic 

stability on different unstable 

undergrounds

14 weeks

 - LoS

 - MoS at release

 - MoS at touchdown

 - BoS at touchdown

 - Maximum voluntary isometric knee 

extension moment

 - Maximum voluntary isometric ankle plantar 

flexion moment

- Significant improvements for 

MoS and knee and ankle 

momentum in muscle strength 

group

-Significant improvement for LoS, 

MoS and ankle momentum muscle 

strength group

Hirase et al. (43) 93 (65 women, 28 men)

Age > 65  - Balance training program on a 

foam rubber pad or on a stable 

flat surface

4 months

 - OLST: static balance

 - CST: lower-extremity strength

 - TUGT: dynamic balance

 - TST: static balance

- Significant ↑time (Improvement) 

in OLST on foam rubber, but not 

significant in stable surfaces

- Significant ↓time (Improvement) 

in CST and TUGT for both 

intervention groups

- Significant ↑time (Improvement) 

in TST for both intervention 

groups

Kocaman et al. (48) 42 (women and men)

Age > 65  - Posturography balance exercise

 - Square step exercise

8 weeks

 - Composite balance score: postural control

 - ADT: dynamic balance

- Significant improvements in 

composite balance score and ADT 

for both interventions

Okubo et al. (57) 44 (25 women, 19 men)

Age 65–90  - Reactive balance training

1 week

 - Fall incidence

 - MoS (cm)

 - Trunk sway range (degree): (postural stability 

during recovery)

- Significant ↓ in all falls and slip 

falls, but not significant in trip falls

Rieger et al. (47) 30 (women and men)

Age > 65  - Treadmill training session with 

16 anterior–posterior 

perturbations

1 week Local divergence exponent for anterior–

posterior: local dynamic stability

Local divergence exponent for medio-lateral: 

local dynamic stability

- Significant differences for all 

outcome measures in the 

intervention group

(Continued)
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TABLE 3 (Continued)

References Participants
Interventions 
modality

Duration Outcomes Summary of results

Sadeghi et al. (60) 64 (men only)

Age ≥ 65  - Balance Training: single-leg 

stance with eyes open and 

closed, standing on heels or 

toes, tandem and semitandem 

foot stance, tandem walking, 

walking backward and 

forward, and weight shifting.

8 weeks

 - Isokinetic muscle strength of lower limbs was 

quantified by means of the Biodex 

Isokinetic Dynamometer

 - SLST: balance

 - TST: balance

 - TUGT: functional mobility

 - 10mWT: functional mobility

- No significant difference in 

muscle strength

- Significant ↑ time (Improvement) 

in SLST

-Significant ↑ time (Improvement) 

in TST

- Significant ↓time (Improvement) 

in TUGT (improvement)

- Significant ↓ time (Improvement) 

in 10mWT

Sitthiracha et al. (62) 60 (53 women, 7 men)

Age 65 to 75
 - Progressive step marching 

exercise: balance training

8 weeks  - TUGT: balance ability

 - OLST: balance ability

 - 5TSST: lower limb muscle strength

- Significant ↓ time (Improvement) 

in TUGT

- No significant improvement in 

OLST

- Significant ↓ time (Improvement) 

in FTSST

- Significant ↑ steps 

(Improvement) in 2MST

Zhao et al. (64) 61 (42 women, 19 men)

Age 65–74
 - Exercise for Balance 

Improvement Program, ExBP

16 weeks  - FRT: postural control ability (dynamic 

balance test)

 - m-CTSIB: static balance with compromised 

vision, vestibular, and somatosensation

- Significant improvement in FRT 

and m-CTSIB

Zhao et al. (65) 61 (42 women, 19 men)

Age 65–74  - Exercise for Balance 

Improvement Program

16 weeks

 - 30SCST: lower extremity muscle strength

 - UG: agility and dynamic balance

- Significant ↑ repetition 

(Improvement) in 30SCST

- Significant ↓ time (Improvement) 

in UG

5TSST, Five Times Sit to Stand Test; 10mWT, 10-Meter Walk Test; 30SCST, 30-Second Chair Stand Test; 6 MWT, 6-Minute Walk Test; ABC, Activities Specific Balance Confidence; ADT, 
Adaptation Test; BoS, Base of support; CST, Chair Standing Test; FRT, Functional Reach Test; LoS, Limits of Stability; m-CTSIB, Modified Clinical Test of Sensory Organization and Balance; 
MoS, Margin of Stability; OLST, One Leg Standing Test; SLST, Single Leg Stance Test; STST, Sit To Stand Test; TST, Tandem Stance Tet; TUGT, Timed Up and Go Test, UG, 8 ft Up-and-Go 
Test.

interventions, which consist mainly of combined resistance and 
balance exercises in addition to one or more types of exercises, namely, 
aerobic, walking, and weight-bearing, on the parameters of functional 
ability (e.g., lower extremities muscle strength, balance performance, 
and mobility), which accordingly prevent falls in ambulatory 
community-dwelling adults aged 65 years or above.

Although poor muscle strength is an established risk factor for 
falls (66), it has been found that the inclusion of strength training had 
no substantial effect on falls (23, 35, 37) when the person has sufficient 
strength to avoid falling (35). Moreover, strength training as a single 
intervention showed no evidence to be effective in fall prevention (23). 
However, strength training is likely to offer older adults with longer-
term fall prevention and other health gains (37, 67–69), and these 
types of exercises are recommended to be included in addition to 
other training (i.e., balance training) (37). To be effective, strength 
training should provide a certain amount of resistance in an exercise 
and maximally 10–15 repetitions should be completed before reaching 
muscle fatigue (67). A systematic review concluded that there is a 
positive association between the type of resistance exercise and the 
effect on strength gain and that resistance exercises also help in 
preserving functional independence and quality of life in older adults 
(70). In a previous study, eccentric strengthening exercise, when 
compared to traditional strengthening exercise, yielded greater 
improvements in muscle strength, balance, and mobility (71). 
Concerning the improvement in balance abilities after strengthening 
exercises, previous studies showed that they are able to improve 

balance recovery and dynamic and static balance skills in older adults, 
and consequently prevent falls (72, 73), whereas for others, the use of 
strengthening exercises alone failed to show clear effects on balance 
abilities (68, 74). One RCT in this review found that resistance 
exercises when done on either stable or unstable surfaces using 
exercise machines or free weights, demonstrated significant 
improvements in muscle power and reactive balance, with no 
significant differences between the three interventions, though gains 
in muscle strength (isometric leg extension strength) and gains in 
muscle power (chair rise test) were greater in exercises accomplished 
on unstable surfaces. Therefore, the authors recommended following 
resistance training with unstable surfaces and moderate instability as 
in machine-based unstable resistance training if the goal is to enhance 
muscle strength and the power of the lower extremities. While if great 
load is a concern and limited to a degree, then free-weight unstable 
resistance training is recommended (52).

In the same way as strength training, balance training when 
followed as a single intervention revealed no evidence to 
be effective in reducing the rate of falls and the risk of falling 
(23), yet the inclusion of balance training in exercise programs 
appeared to be a crucial factor in reducing falls (23, 27, 35, 37). 
Additionally, it is recommended that exercises must provide a 
moderate or high challenge to balance in order to prevent falls 
(37). Hence, this explained that different exercise programs that 
included balance training were similarly effective in reducing 
falls (35, 75, 76). According to one RCT in our review, a higher 
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TABLE 4 A complete summary of the key data extracted from studies of multi-component exercise intervention.

References Participants Interventions modality Duration Outcomes Summary of results

Ansai et al. (49) 69 (47 women, 22 

men)

Age > 80

 - Multicomponent training 

group: warm-up, aerobic, 

strength, balance, and cool-

down exercises

 - Resistance training group: 

strength exercises using six 

adapted machines

16 weeks  - 5TSST: muscle strength of the lower limbs

 - OLST: balance

 - TT: balance

 - TUGT-M: dual task

 - Fall incidence

- Significant improvements for all 

outcome measures

Chittrakul et al. (51) 72 (women and 

men)

Age ≥ 65

 - MPE program (proprioception 

training, muscle strength 

training, reaction time exercise 

training with auditory cues, 

and postural balance training)

12 weeks  - Knee extension strength

 - Postural sway

- Significant improvements for knee 

extension strength and Postural sway

Karinkanta et al. (55) 149 (women only)

Age 70–78

 - Combined resistance and 

balance-jumping training 

(COMB)

 - Resistance training

 - Balance-jumping training

12 months  - Rate of injured fallers during the 5-year follow-up 

period

 - Rate of injurious falls

 - Fall-induced fractures

- ↓ rate of injured fallers for COMB

- ↓ risk for injurious falls for COMB

- ↓ risk for fractures COMB

Lacroix et al. (44) 66 (41 women, 25 

men)

Age 65–80

 - Combined balance and 

strength training: using 

participants’ own body weight 

or with the help of small, 

low-cost equipment (e.g., 

towels, bottles, balls).

12 weeks  - ROMT: static steady-state balance

 - Stride velocity: dynamic steady-state balance

 - Stride length: dynamic steady-state balance

 - FRT: proactive balance

 - TUGT: proactive balance

 - Mediolateral perturbation impulse: reactive 

balance

 - PRT: reactive balance

 - CST: lower extremity muscle power

 - SADT: lower extremity muscle power

- Significant (Improvement) in ROMT, 

stride velocity and length, for supervised 

group only

- Significant (Improvement) in FRT, 

TUGT, PRT, CST and SADT for both 

supervised and unsupervised groups

- Significant (Improvement) in 

mediolateral perturbation for 

unsupervised group only

Li et al. (40) 670 (436 women, 

234 men)

Age ≥ 70

 - Multimodal exercise: balance, 

aerobics, strength, and 

flexibility activities

24 weeks  - Incidence of falls

 - iTUG: walking duration (in seconds) and 3 

subdomain timed-based activities; sit-to-stand, 

turning, and turn and stand-to-sit—during a 

14-m walk at normal pace

 - SPPB: repeated chair stands (strength), 3 

increasingly challenging standing balance tasks, 

and a 4-m speed walk.

- Significant ↓incidence of falls

- Significant ↓ time (Improvement) in 

iTUGT

- Significant ↑score (Improvement) in 

SPPB

Li et al. (41) 670 (436 women, 

234 men)

Age ≥ 70

 - Multimodal exercise: balance, 

aerobics, strength, and 

flexibility activities

24 weeks  - Number of moderate injurious falls during the 

12 months

 - Number of serious injurious falls during the 

12 months

 - Number of fall-related emergency department 

visits

 - Number of fall-related hospitalizations

- Significant ↓ injurious falls

- Significant ↓ serious injurious falls

- Significant ↓ fall-related emergency 

department visits

- No significant ↓ in fall-related 

hospitalizations

Park et al. (58) 22 (women only)

Age ≥ 65

 - Walking, senior-robic exercises, 

and muscle strengthening 

exercises for the lower 

extremities using elastic bands

12 weeks  - Muscle activation of the right and left rectus 

femoris

 - Muscle activation of the right and left biceps 

femoris

 - 5.Muscle activation of the right and left tibialis 

anterior

 - Muscle activation of the right and left 

gastrocnemius

- Significant ↑ in muscles activation

Patil et al. (45) 409 (women only)

Age 70–80

 - Multimodal exercise (balance 

challenging, weight bearing, 

strengthening, agility, and 

functional exercises)

24 months  - Maximal isometric leg extensor strength (using a 

strain gauge dynamometer)

 - SPPB: mobility

 - 4-m fast walking speed: mobility

 - TUGT: mobility

 - 6.1-m backward walking test: dynamic balance

 - Rate of falls During the 24-Month intervention

 - No. of fallers with different consequences during 

the 24 Month intervention

- Significant improvement in isometric 

leg strength and fast walking speed

- No significant differences between 

groups in TUGT

- Significant probability of completing 

backward walking

-No significant

difference between groups in the total 

falls incidence

rate ratio or falls

with any reported injury

- Significant ↓medically attended fall 

injuries and medically attended fallers

-No significant difference in the number 

of fallers who were injured

(Continued)
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effect of balance intervention in reducing falls can be found in 
studies that are of a single-center nature (42). A previous study 
found that balance training on a foam rubber affected postural 
reflex in older adults (77) through improvement in the 
proprioception and sensitivity of lower limbs and cutaneous 
receptors in the soles (78). An interesting result in our review is 
that both foam rubber and stable surface interventions improved 
lower extremity muscle strength in addition to balance, with no 
significant difference between both (43). This is consistent with 
other studies that reported improvement in muscle strength after 
balance interventions (33, 34, 36). Other studies found a 
relationship between single-leg standing similar to the 
intervention in this trial and muscle activation (79, 80). This 
would prove that the progressive step marching exercise in our 
review is able to improve lower limb strength and eventually 
reduce the rate of falls in older adults (62). On the contrary, one 
trial we investigated did not reveal significant improvement in 
leg strength outcomes at the end of the balance intervention 
compared with pre-intervention, however, it was significant when 
compared to a combined intervention of virtual balance and 
static and dynamic balance exercises (60).

Perturbation-based balance exercises showed improvement 
in local dynamic stability and balance recovery with effects lasting 
for a week after the intervention, though it was a one-session 
intervention (47), others showed a reduction in the rate of all falls 
and slip falls (57). This is in agreement with other studies that 
showed quick effects (81, 82) and long-lasting ones with marginal 
reduction in gains (83, 84). Other trials of perturbation training in 
this review with longer intervention exhibited significant 
improvement in balance confidence using the ABC scale, dynamic 
stability, balance ability, and functional capacity compared to 
control, even more effective than traditional balance training (50, 
53). Mean scores on the ABC scale improved from 65 to 80. One 
study revealed that the ABC scale is a strong predictor of falls in 
older adults, with those with a score < 67 having a high probability 

to fall (82). Others reported improvement in balance confidence 
after 4 weeks of perturbation training (85).

The multi-component intervention included a combination of 
trunk stability exercises and stretching (63), demonstrating significant 
improvement in complex walking ability. Combined strength and 
aerobic exercise interventions led to enhancement of lower limb 
strength (58), and improvement in aerobic capacity (63). In a study, it 
was found that improvements in balance and mobility persisted for up 
to 1 year after participating in a-32 week combined resistance and 
flexibility training program (86). Others reported that multi-
component interventions had positive effects on the rate of falls (23, 
27, 87, 88) and the risk of falling (23, 27) in addition to improvements 
in strength and balance outcomes (87, 88). Multiple categories of 
exercise programs containing balance training and muscle 
strengthening demonstrated their effectiveness in reducing both rate 
of falls and the risk of falling (23), whereas for others, balance and 
functional exercises plus strengthening revealed the same effectiveness 
(27). A previous study of combined strengthening and balance 
interventions found that physical performance was maintained during 
the follow-up, and that medically-attended injurious falls were 
significantly less after 5 years, while gains diminished in strengthening-
only or balance-only interventions (89). It has been recommended 
that exercises for fall prevention must be of sufficient doses (i.e., at 
least 2 h a week) as well as in an ongoing manner (37).

Chronic diseases and multimorbidity (i.e., the coexistence of ≥2 
chronic diseases in the same person) are prevalent among adults over 
the age of 65 years (90–93), and studies found that coronary artery 
diseases, stroke, diabetes, and arthritis are associated with physical 
inactivity in the older population (94, 95). However, participating in 
physical activity is believed to prevent and reduce the number of 
chronic diseases in older adults. (96). Others reported that the risks of 
falls and recurrent falling are directly proportional to the number of 
chronic diseases (97, 98). Frailty (99) and polypharmacy (100) (i.e., 
taking ≥2 drugs) are possible explanations for the connections 
with multimorbidity.

TABLE 4 (Continued)

References Participants Interventions modality Duration Outcomes Summary of results

Sannicandro (61) 65 (34 women, 31 

men)

Age ≥ 65

 - Strength and core stability 

group (SCG)

 - Strength and aerobic group 

(SAG)

8 weeks  - CST: lower limb strength

 - SLST: static balance

- Significant difference (Improvement) in 

CST and SLST for SCG

- No significant differences in CST and 

SLST for SAG

Song and Kim (63) 40 (women and 

men)

Age 68.81 ± 3.48

 - Complex exercise program 

CEP (resistance and aerobic 

exercises)

 - General exercise program GEP

8 weeks  - FSST: complex walking ability

 - F8WT: walking skills in older adult persons with 

mobility impairments

 - FES: degree of self-confidence regarding falling

- Significant improvements in FSST, 

F8WT and FES for both interventions

Uusi-Rasi et al. (5) 409 (women only)

Age 70–80

 - Strength, balance, agility, and 

mobility

2 years  - IRR for all falls

 - SPPB: static balance, 4 m normal walking speed 

and five-time chair stand tests (strength), Timed 

up and go (TUGT)

 - Dynamic balance

 - isometric leg-extensor strength

 - IRR minor falls

 - IRR for medically attended injurious falls

 - HR for all fallers

 - HR for medically attended injurious fallers

- No differences in all falls or minor 

injurious falls IRR.

- ↓ medically attended injurious falls.

- ↓ medically attended injured fallers.

- TUGT time remained unchanged at 

follow up tests.

- Significant ↑of maximal isometric leg 

extensor strength

5TSST, Five Times Sit to Stand Test; CST, Chair Standing Test; F8WT, Figure-of-8 Walking Test; FES, Falls Efficacy Scale; FRT, Functional Reach Test; FSST, Four Square Step Test; HR, Hazard 
Ratio; IRR, Incidence Rate Ratio; iTUGT, Instrumented Timed Up and Go Test; OLST, One Leg Standing Test; PRT, Push and Release Test; ROMT, Romberg Test; SADT, Stair Ascent and 
Descent Test; SLST, Single Leg Stance Test; SPPB, Short Physical Performance Battery; TT, Tandem Test; TUGT, Timed Up and Go Test.
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When studying the multimorbidity patterns (i.e., the classification 
of chronic diseases into different combinations based on the 
associations between them), the increased risk of falls was higher in 
the visceral-arthritic and mental-sensory patterns (97), while 
recurrent falling was significantly associated with a cluster of the 
highest prevalence of osteoporosis and a cluster that had the highest 
number of chronic conditions (98).

Therefore, practicing regular physical activity is crucial in 
reducing and preventing chronic diseases, maintaining a healthy 
musculoskeletal system and balance, and reducing the risk 
of falling.

A major strength of our review is that, to our knowledge, it is the 
first systematic review of RCTs to investigate the effects of different 
exercise interventions on ambulatory community-dwelling older 
adults. This study has several limitations that need to be taken into 
consideration. First, this review was limited to older adults who were 
free of dementia, stroke, Parkinson’s disease, multiple sclerosis, or 
recent fractures, therefore findings cannot be generalized to higher-risk 
populations. Second, trials with home exercise programs and virtual 
reality exercises were excluded. Third, the review results can only 
be  generalized to home-dwelling older adults; trials with 
institutionalized older adults were excluded as well. Fourth, performing 
a meta-analysis was not possible due to the heterogeneity available in 
the included studies; variabilities in outcomes and interventions that 
obviously appear in prior sections of the current review. Therefore, as 
an alternative to a meta-analysis, we used other methods to compare 
the effects among the included studies. Finally, there is a lack of RCTs 
that particularly consider older adults with limited access to health care 
or in low-income countries.

5. Conclusion

In conclusion, our review addressed numerous RCTs of physical 
exercises composed of strengthening, balance, or multi-component 
interventions on physical functionality and risk of falls in community-
dwelling older adults. The present review confirms the previous 
findings that physical exercise improves the components of functional 
ability, i.e., lower extremity strength, balance, and mobility. 
Additionally, physical exercise reduces falls and minimizes their serious 
sequelae. Further research on fall prevention is required that specifically 
considers high-risk older adults, low-income countries, and older 
adults in vulnerable contexts with limited access to health care.
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The association between physical
activity and fear of falling among
community-dwelling older
women in China: the mediating
role of physical fitness

Shuang Wu, Guangkai Li, Beibei Shi, Hongli Ge and Qiang He*

School of Physical Education, Shandong University, Jinan, China

Background: This study aimed to explore the association between physical activity

(PA) and fear of falling (FOF) and to determine whether this relationship was

mediated by physical fitness (PF) in community-dwelling older women.

Methods: For this cross-sectional study, a total of 1,108 older women were

recruited. Moderate-to-vigorous physical activity (MVPA) and light physical activity

(LPA) were objectively measured by accelerometers. Physical fitness indicators

including body mass index (BMI), forced vital capacity, choice reaction time, grip

strength, sit and reach, and five times sit-to-stand were measured. FOF was

evaluated by the Chinese version of the activities-specific balance confidence

scale. A stepwise linear regression model analysis was used for mediation analysis,

and bootstrap analysis was used to verify the mediation e�ects.

Result: The Pearson correlation coe�cient results suggested that MVPA was

significantly and negatively correlated with FOF while LPA was not correlated

with FOF. Logistic regression analysis suggested a significant association between

MVPA, BMI, forced vital capacity, choice reaction time, sit and reach, grip strength,

five times sit-to-stand, and FOF. The mediation analysis showed a negative

relationship between MVPA and FOF. BMI completely mediated the relationship

between MVPA and FOF while sit and reach, five times sit-to-stand, and forced

vital capacity partially mediated the relationship between MVPA and FOF.

Conclusion: Accumulation of more daily MVPA was associated with reducing the

odds of FOF in community-dwelling older women. PF indicators fully or partially

mediate the relationship between MVPA and FOF. Therefore, more intervention

e�orts should focus on the promotion of MVPA to improve PF and thus reduce

FOF among older women.

KEYWORDS

older women, physical activity, fear of falling, physical fitness, mediation analysis

Introduction

Falls represent a major public health threat as falls are the leading cause of injury-related

morbidity and mortality among older adults (1, 2). Consequences of falls can be severe,

including fractures, increased risk of disability, premature nursing home admissions, and

substantial reduction in quality of life. It was suggested that approximately one in three

community-dwelling older adults experience at least one fall each year (3). Moreover, this

figure increases to two in three for those who have a history of fall or are afraid of falling (4).
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Fear of falling (FOF) is considered low perceived self-efficacy

in avoiding falls during essential, non-hazardous activities of daily

living (5). FOF is very common among community-dwelling older

adults with a prevalence ranging from 21 to 85% (6). An earlier

review suggested that older adults with falling experience had a

prevalence of FOF ranging from 29 to 92% while older adults who

had not fallen had a prevalence ranging from 12 to 65% (7). There

were a series of risk factors for FOF including but not limited to

old age, female sex, worse physical performance, fall history, poor

self-rated health, cognitive impairment, depressive symptoms, and

living alone (8). The consequence of FOF includes more frequent

falls (9), a decline in physical and mental performance, and a

reduction in quality of life (10) and social activity (11). Apparently,

being female is one of the main risk factors robustly associated with

developing FOF (12). Therefore, more attention should be paid to

older women with FOF.

Recent evidence suggested that a sedentary lifestyle is a

potential risk factor for FOF (13), while an increasing physical

activity (PA) level probably is a promising strategy to protect

against FOF (14). The health benefits of PA had been widely

accepted including but not limited to reducing the risk of

cardiovascular disease, diabetes, and all-cause mortality (15, 16).

Several studies have demonstrated that PA is associated with FOF in

the older population; however, the results and conclusion were not

always consistent (17–19). In addition, in most cases, the influence

of FOF on PA was examined while the influence of PA on FOF was

scarcely studied.

Physical fitness (PF) is an important health marker for children

and adults (20, 21). Poor PF is associated with the prevalence

of various chronic conditions (22, 23). Studies consistently

demonstrated that older adults with FOF presented worse physical

performance (24–27). On the contrary, older adults with high PF

performance presented lower FOF level. Thus, it is reasonable

to assume that the improvement in FOF is due, at least in

part, to a better PF. Thus, it is necessary to clarify whether

a low level of FOF among older people is due to better PF.

At the same time, a positive association between PA and PF

was supported by previous findings which linked PA with lower

body mass index (BMI), better aerobic endurance and strength

(28), and better balance capacity in older adults (29). These

findings suggested that PF can act as an intermediate variable

between PA and FOF. A deeper understanding of the potential

mediating effects of PF in the relationship between PA and FOF

is required.

Therefore, this study aimed to analyze whether PA measures

including LPA and MVPA is associated with FOF in a sample of

community-dwelling older women and the potential mediating role

of PF in these associations was determined.

Methods

Covariate variables

Sociodemographic data were collected by self-report, including

age, education level (primary school and below, middle school, and

undergraduate and above), living alone (yes, no), current drinkers

(yes, no), fall experience (no falls, ≥1 falls), type of medications

taken (<5, ≥5), and diagnosed chronic disease (no, yes ≥1).

The nutritional and cognitive statuses were assessed using short-

formmini-nutritional assessment (MNA-SF) (30) and mini-mental

state examination (MMSE) (31), respectively. Muscle mass was

measured by bioimpedance analysis (BIA) using the Tanita MC-

180 (Bailida Co., Tokyo, Japan) (32). The balance stable coefficient

was assessed using the Super Balance III Static Balance Test System

(Acmeway, Beijing, China) (33).

Study design and participants

This study used a cross-sectional design with data from the

baseline survey of Physical Activity and Health in Older Women

Study (PAHIOWS) (34). Convenience sampling was used to

recruit participants from urban communities in Yantai, Shandong

province in China. The time span was from March 2021 to June

2021. Convenience sampling is a specific type of non-probabilistic

sampling method that relies on data collection from populations

who are conveniently available to participate in the study, and

it is most frequently used in quantitative studies (35). A total of

1, 370 older women were recruited, and participants meeting the

following criteria were finally included: (1) participants aged 60–

70 years, (2) participants who have no cognitive impairment and

can communicate normally, (3) participants who have no physical

disability that might impede normal physical activity, and (4)

participants who are willing to sign the informed consent form.

Overall, 1, 108 participants were included in the data analysis. This

study was approved by the Ethics Committee of the School of

Nursing and Rehabilitation, Shandong University, China (2021-R-

001). We measured and collected data related to physical activity,

fear of falling, and physical fitness of eligible subjects.

Physical activity

The participants were required to wear the ActigraphWGT3X-

BT (Actigraph, Pensacola, FL, USA) accelerometer on their left

waist for 7 consecutive days to objectively measure the LPA and

MVPA (36). As the number of accelerometer devices is limited,

participants were invited to participate in the physical activity

measurement in batches. In general, every day, 20–40 participants

were invited to our test center to complete the fitness test and

relevant questionnaire survey and then wear the accelerometer.

Therefore, the physical activity measurement can be deemed and

implemented within the same time frame. The sampling frequency

of the original accelerometer data is 30 times per second, and the

original data are converted into 60-s epoch length motion counts

for further analysis. Non-wearing time was defined as at least 90

consecutive min of 0 counts, with an allowance of a maximum of

2min of counts between 0 and 100 counts per minute (CPM) (37).

Valid data are defined as the wearing time being more than or equal

to 10 h per day and the wearing days being more than or equal to

4 days (38). Cutoff points defined by Freedson were used to classify

sedentary time (SB), LPA, and MVPA as follows: SB (0 to 99 CPM),

LPA (100 to 1951 CPM), and MVPA (≥1952 CPM) (39).
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TABLE 1 Characteristics of participants.

Variables FOF group score

Total
(n = 1,108)

Low FOF
(n = 898)

High FOF
(n = 210)

p

Age, years 64.9 (2.8) 64.8 (2.8) 65.4 (2.8) 0.005

Living alone (%) 125 (11.3) 107 (11.9) 18 (8.5) 0.147

Education (n, %) 0.012

Primary school or lower 133 (12.0) 96 (10.6) 37 (15.1)

Middle school 774 (69.8) 634 (70.1) 140 (65.7)

Bachelor degree or higher 201 (18.1) 171 (19.0) 30 (14.9)

Current drinker (%) 105 (9.5) 84 (9.3) 21 (9.8) 0.642

No. of medications taking≥ 5

(%)

14 (1.3) 9 (1.0) 5 (2.3) 0.111

Diagnosed Chronic diseases (%) 720 (64.9) 574 (63.9) 146 (69.5) 0.121

MMSE score 26.7 (1.4) 26.7 (1.4) 26.5 (1.5) 0.060

MNA-SF 13.3 (1.1) 13.3 (1.0) 13.2 (1.3) 0.929

ABC score 92.9 (8.9) 96.4 (3.6) 77.1 (10.1) <0.001

Fall experience ≥ 1 (n, %) 315 (28.2) 230 (40.1) 85 (25.5) <0.001

Muscle mass (kg) 38.7 (2.8) 38.68 (2.8) 38.7 (3.0) 0.924

Balance stable coefficient 12.5 (1.9) 12.6 (1.9) 12.1 (2.1) 0.008

Wear time (min/day) 888.1 (118.4) 886.8 (115.7) 891.3 (128.9) 0.824

MVPA (min/day) 32.7 (19.3) 33.7 (18.9) 28.52 (20.4) <0.001

LPA (min/day) 307.5 (70.5) 308.7 (71.6) 302.2 (65.7) 0.440

SB (min/day) 548.3 (117.4) 544.9 (115.2) 563.0 (125.6) <0.001

BMI (kg/m2) 26.3 (3.4) 26.1 (3.2) 27.2 (3.9) <0.001

Forced vital capacity (ml) 2037.5 (537.9) 2065.3 (529.7) 1919.5 (557.4) <0.001

Choice reaction time (s) 0.6 (0.1) 0.6 (0.1) 0.7 (0.1) <0.001

Sit and reach (cm) 10.4 (9.2) 11.1 (8.9) 7.6 (9.8) <0.001

Grip strength (kg) 24.0 (5.0) 24.3 (5.0) 23 (4.5) <0.001

Five times sit-to-stand (s) 7.96 (2.1) 7.82 (2.0) 8.56 (2.2) <0.001

ABC, activities-specific balance confidence scale; MMSE, mini-mental state examination; MNA-SF, short-form mini-nutritional assessment; MVPA, moderate-to-vigorous physical activity;

LPA, light-intensity physical activity; SB, sedentary behavior; BMI, body mass index.

Fear of falling

The Chinese version of the activity-specific balance confidence

(ABC) scale was used to evaluate the FOF. ABC is a mature

and structured scale that is more suitable for older adults with

certain physical activities (40). A score of 88 was taken as the

cutoff point, and a high FOF was judged as an ABC score lower

than 88 (34). During the assessment, participants were asked

to report their level of confidence in specific physical activities

(walking on the icy road, walking up and down the escalator

without holding the handrail, etc.). The confidence ranges from

0% (no confidence) to 100% (full confidence). If participants

had no physical activity in reality, they were asked to imagine

themselves in this specific physical activity and give corresponding

confidence levels.

Physical fitness

The physical fitness test includes six standardized tests, namely

BMI, forced vital capacity, sit and reach, grip strength, five times

sit-to-stand, and choice reaction time. For the physical fitness

test, we used the fitness management system (Acmeway company,

Beijing, China).

The obesity degree was evaluated by body mass index (BMI),

which was obtained by dividing the weight (kg) of a subject by the

square of height (m) (41).

The forced vital capacity (FVC) is a readily available objective

measurement of lung volume and respiratory muscle function (42).

The subjects breathed as deeply as possible and then exhaled air

from the lung. The greatest among of air that can be forced from

the lung can be recorded by a spirometer (ml).
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TABLE 3 Logistic regression of the associations between PA, PF, and FOF.

Variables Odds ratio (95 % confidence interval)

Model 1 p Model 2 p

MVPA, per

30min

increased

0.67 (0.51, 0.86) 0.002 0.72 (0.54, 0.96)a 0.023

LPA, per 30min

increased

0.95 (0.89, 1.02) 0.188 0.97 (0.90, 1.04)b 0.350

BMI (kg/m2) 1.12 (1.07, 1.18) <0.000 1.12 (1.06, 1.18)c <0.000

Forced vital

capacity (ml)

0.95 (0.93, 0.98) <0.000 0.96 (0.93, 0.99)c 0.003

Choice reaction

time (s)

1.22 (1.06, 1.41) 0.005 1.22 (1.06, 1.41)c 0.006

Sit and reach

(cm)

0.96 (0.95, 0.98) <0.000 0.97 (0.95, 0.98)c <0.000

Grip strength

(kg)

0.94 (0.90, 0.97) <0.000 0.94 (0.91, 0.98)c 0.001

Five times

sit-to-stand (s)

1.16 (1.08, 1.25) <0.000 1.14 (1.06, 1.23)c <0.000

Model 1, adjusted age, wearing time, education level, living alone, drinking, drug use, chronic

diseases, MMSE score, muscle mass, MNA score, fall experience, balance stability coefficient;

Model 2a, variables in Model 1+ daily sedentary time; Model 2b, variables in Model 1+ daily

MVPA time; Model 2c, variables in Model 1+ daily MVPA time+daily sedentary time; BMI,

body mass index.

The coordination and rapid reaction ability of human nervous

and muscular systems were evaluated by choice reaction time (43).

The subjects were instructed to press the “start key” and wait for

the signal to be sent. When any “signal key” sends a signal (light),

the subjects press the corresponding key as quickly as possible

and then return to the “start key” waiting for the next signal. Five

signal responses should be answered in each test, and the time was

recorded (seconds).

The upper limb muscle strength was evaluated by the grip

strength test (41). A manual dynamometer was used to assess grip

strength. The test was performed in a standing position with the

arm naturally down on both the right and left sides. During the

test, the upper and lower handles were tightly held with maximum

force, and the measured strength was recorded in kilograms.

The flexibility of the lower limb and the trunk was evaluated

by sit and reach test (44). The subjects sat on the floor with their

head, back, and hips against a wall, knees straight, heels together,

and feet positioned flat against a board of the sit and reach the

box. The subjects were required to extend their arms with palms

down and bend forward slowly, pushing the vernier forward with

the fingertips of the middle fingers of both hands as far forward as

possible while keeping the knees extended.

The dynamic balance and lower limb muscle strength were

evaluated through five times sit-to-stand test (45, 46). The subjects

were required to sit on a chair of height between 43 and 46 cm, with

arms crossed over their chest. During the test, they should stand up

and then return to the sitting position as fast as possible, and the

time to finish five repetitions was recorded (seconds).

All tests are performed twice, taking the better one. Moreover,

all testers were provided with a manual describing the standardized

procedure, demonstrations, and verbal cure for participants.
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Statistical analyses

Descriptive data were presented as means and standard

deviations (SDs) or as numbers and percentages (%). Differences

between the low FOF group and the high FOF group were assessed

using the Mann–Whitney test, Fisher’s exact test, chi-square test,

and trend chi-square test, depending on the type of variables.

Pearson’s correlation coefficients and logistic regressionmodel were

used to examine the relationships between FOF, PA, and PF. The

stepwise linear regression model is used to determine whether the

association between PA and FOF was mediated by PF. Bootstrap

analysis was used based on sample sampling by 5000 times to

observe whether the 95% confidence interval of the indirect effect

crosses 0 to further judge whether there is a mediating effect. The

mediating effect needs to meet the following conditions: (1) The

total effect c is significant that PA could significantly affect the FOF

(path c); (2) the indirect effect a × b is significant that PA could

significantly affect the PF and PF could significantly affect the FOF.

Before running these models, the accelerometer-measured

MVPA and LPA were rescaled so that a one-unit increase reflected

30 min/day. In addition, we mainly adjusted the age, wearing

time, education level, living alone, drinking, drug use, chronic

diseases, MMSE score, muscle mass, MNA score, fall experience,

and balance stability coefficient in Model 1. Model 2a adjusted

the sedentary time based on Model 1 (stepwise linear regression

model and bootstrap analysis used Model 2a). While Model 2b

adjusted MVPA time based on Model 1, Model 2c adjusted MVPA

time and sedentary time based on Model 1. The variance inflation

factor (VIF) for all variables was calculated to detect collinearity.

The VIF is considered acceptable when it is <5 (47). All analyses

were conducted using STATAMP software version 17.0 (StataCorp,

Texas, USA). The statistical significance was set at a p-value of

< 0.05 in two-sided tests.

Results

Table 1 shows the basic characteristics of the participants. A

total of 1, 108 older women were included in the final analysis,

with an average age of 64.9 ± 2.8 years. A total of 210 older

women and 898 older women were identified as high FOF and

low FOF in the total sample, respectively. More than a quarter

of participants had fallen once or more. The participants spent

an average of 548.2min on sedentary behavior and 32.7min and

307.5min per day on MVPA and LPA, respectively. There were

significant statistical differences in age, ABC score, education level,

fall experience, MVPA, sedentary time, BMI, forced vital capacity,

choice reaction time, sit and reach, grip strength, and five times

sit-to-stand between the high and low FOF group. No significant

inter-group differences were found in other indicators.

Table 2 shows the Pearson correlation coefficients between

PA, PF indicators, and FOF. It was suggested that the ABC

score was positively associated with MVPA, forced vital capacity,

sit and reach, and grip strength and negatively associated with

choice reaction time, five times sit-to-stand, and BMI. Additionally,

MVPA was positively associated with forced vital capacity and sit

and reach and negatively associated with five times sit-to-stand

and BMI. LPA was positively associated with sit and reach and

negatively associated with five times sit-to-stand.

According to the logistic regression analysis (Table 3), after

adjusting all covariate variables in models 2a and 2b, the increase

in daily MVPA per 30min was significantly associated with FOF

(OR = 0.72, 95% CI: 0.54–0.96, p = 0.023) while the increase in

daily LPA per 30min (OR= 0.97, 95% CI: 0.90–1.04, p= 0.35) was

not correlated with FOF. Through model 2c, we found a significant

association between FOF and BMI (OR = 1.12, 95% CI: 1.06–1.18,

p < 0.000), forced vital capacity (OR = 0.96, 95% CI: 0.93–0.99, p

= 0.003), choice reaction time (OR = 1.22, 95% CI: 1.06–1.41, p =

0.006), sit and reach (OR= 0.96, 95%CI: 0.95–0.98, p< 0.000), grip

strength (OR = 0.94, 95% CI: 0.91–0.98, p = 0.001), and five times

sit-to-stand (OR= 1.14, 95%CI: 1.06–1.23, p< 0.000), respectively.

As shown in Table 4, the total effect (c) suggested a significant

positive relationship between MVPA and ABC score (β = 1.32,

95% CI: 0.43–2.20), but after adding mediator factors, only four

significant indirect effects (a×b) were found, including forced vital

capacity (β = 0.15, 95%CI: 0.02–0.27), sit and reach (β = 0.30, 95%

CI: 0.10–0.50), five times sit-to-stand (β = 0.34, 95%CI: 0.12–0.56),

and BMI (β = 0.51, 95% CI: 0.15–0.86), respectively.

The bootstrap analysis verified the mediating effect (Table 5).

We also found that physical fitness plays an important role in the

relationship between MVPA and FOF. The results suggested that

forced vital capacity, sit and reach, five times sit-to-stand, and BMI

were independent mediators of the effect of MVPA on FOF, and

their mediating effect accounted for 11.1, 22.5, 25.8, and 38.4%

of the total effect, respectively. Figures 1–4 present the mediation

model used to determine whether PF indicators mediate the effect

of MVPA on FOF.

Discussion

This cross-sectional study aimed to determine whether a

mediating role by PF exists in the relationship between PA and FOF

in community-dwelling older women. The main findings of this

study were that MVPA was significantly and negatively correlated

with FOF while LPA did not. In addition, a significant association

was found between MVPA, BMI, forced vital capacity, choice

reaction time, sit and reach, grip strength, five times sit-to-stand,

and FOF. The benefits of MVPA on FOF are fully mediated by

BMI and partially mediated by forced vital capacity, sit and reach,

and five times sit-to-stand performance. These findings provide a

deeper insight into the mechanism of PA on FOF.

Both regular PA and health-related physical fitness are key

indicators of health (20, 21). A positive association between PA and

PF has been previously reported (28, 48). PA can help to maintain a

healthy weight status and improve aerobic fitness, muscular fitness,

and body composition (28, 49–51). These effects seem to depend

on the intensity and volume of PA, and the results were not always

consistent (48). Our study was consistent with most previous

studies that higherMVPAwas positively correlated with lower BMI,

higher grip strength, and better sit and reach performance in older

women. However, no significant correlation betweenMVPA and sit

and reach was identified in older adults (28). In addition, our study

also suggested that MVPA was correlated with shorter reaction

time and shorter time to complete five times sit-to-stand, which
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TABLE 4 Mediation analysis results of PA, PF, and FOF.

Mediator factors PA (MVPA)
→ FOF

(ABC score)

PA
(MVPA)→

PF

PA
(MVPA)→
PF→ FOF

(ABC
score)

Indirect
e�ect:
a∗b

Direct
e�ect: c’

Total
e�ect: c

Proportion

Forced vital capacity c: 1.32 (0.43,

2.20)∗∗
a: 87.46

(35.28, 139.65)∗∗
c’: 1.17 (0.28,

2.06)∗∗ b: 0.17

(0.07, 0.27)∗∗

0.15∗ 1.17∗∗ 1.32∗∗ 11.1%

Choice reaction times c: 1.32 (0.43,

2.20)∗∗
a:−0.01

(−0.02,−0.001)∗
c’: 1.21 (0.32,

2.09)∗∗ b:

−9.53

(−14.56,

−4.50)∗∗

0.11 0.21∗∗ 1.32∗∗ 8.3%

Sit and reach c: 1.32 (0.43,

2.20)∗∗
a: 1.69

(0.80, 2.58)∗∗
c’: 1.02 (0.14,

1.90)∗ b: 0.18

(0.12, 0.23)∗∗

0.30∗∗ 1.02∗ 1.32∗∗ 22.5%

Grip strength c: 1.32 (0.43,

2.20)∗∗
a: 0.41

(−0.06, 0.89)

c’: 1.21 (0.33,

2.09)∗∗ b: 0.26

(0.15, 0.37)∗∗

0.11 1.21∗∗ 1.32∗∗ 8.1%

Five times sit-to-stand c: 1.32 (0.43,

2.20)∗∗
a:−0.47

(−0.67,−0.27)

c’: 0.98 (0.09,

1.86)∗ b:−0.72

(−0.98,

−0.46)∗∗

0.34∗∗ 0.98∗ 1.32∗∗ 25.8%

BMI c: 1.32 (0.43,

2.20)∗∗
a:−1.09

(−1.38,−0.80)∗∗
c’: 0.81 (−0.09,

1.71) b:−0.47

(−0.64,

−0.29)∗∗

0.51∗∗ 0.81 1.32∗∗ 38.4%

FOF, fear of falling; PF, physical fitness; PA, physical activity (MVPA time; increased per 30 min/day); ∗ and ∗∗ indicate significance at 0.05 and 0.01 levels, respectively.

TABLE 5 Bootstrap analysis.

Mediator factors E�ect E�ect size p Boot SE Bootstrap 95% CI

Lower limit Upper limit

Forced vital capacity Indirect effect 0.146 0.019 0.063 0.024 0.269

Direct effect 1.170 0.011 0.463 0.263 2.077

Choice reaction time Indirect effect 0.110 0.065 0.060 −0.007 0.228

Direct effect 1.206 0.010 0.466 0.292 2.120

Sit and reach Indirect effect 0.297 0.003 0.101 0.099 0.494

Direct effect 1.020 0.026 0.457 0.125 1.915

BMI Indirect effect 0.507 0.005 0.180 0.154 0.860

Direct effect 0.810 0.054 0.421 −0.015 1.634

Five times sit-to-stand Indirect effect 0.339 0.003 0.113 0.118 0.561

Direct effect 0.977 0.025 0.435 0.125 1.830

Grip strength Indirect effect 0.107 0.098 0.065 −0.020 0.233

Direct effect 1.210 0.009 0.464 0.301 2.119

Boot standard error (Boot SE); bootstrap 95% confidence interval (Bootstrap 95% CI).

was not elucidated in older women by previous studies. This can

be explained by the evidence that MVPA usually involves more

strenuous and faster muscle contractions, thus increasing muscle

strength or power (52).

This study also suggested that MVPA rather than LPA

was significantly correlated with ABC score; hence, a negative

correlation was observed with FOF. The logistic regression results

showed that the odds of high FOF significantly declined by 28%

with each 30min increase in daily MVPA. This finding is in line

with the study led by Whipple et al. who found that participants

with less MVPA tended to report higher FOF; however, only 10

older adults were enrolled in the study (53). Moreover, our previous

study also demonstrated that older women in higher tertile of

daily MVPA (>38.3min) had a lower risk of high FOF (19). A

systematic review summarized the relationship between PA and

FOF in older adults and concluded that higher PA including total

PA and MVPA was associated with lower FOF (54). Apparently,

the accumulation of more daily MVPA time was associated with
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FIGURE 1

The mediating role of forced vital capacity in the association physical activity and fear of falling. The * and ** symbols indicate significance at 0.05 and

0.01 levels, respectively.

FIGURE 2

The mediating role of sit and reach in the association physical activity and fear of falling. The * and ** symbols indicate significance at 0.05 and 0.01

levels, respectively.

the improvement of FOF in older women. However, our study

found that the increase in LPA was not associated with FOF. In

the same samples, our previous study suggested that even the

highest tertile of LPA (>336.4min per day) was not associated

with FOF (19). Previous studies consistently suggested a significant

negative association between FOF and LPA in older adults after

controlling confounding factors (17, 55). The difference might be

due to the definition of LPA which was defined as 1.1–2.9 METs,

the participants having an average of older age, and these studies

enrolling participants with both genders.

This study confirmed the mediating role of PF in the

relationship between MVPA and FOF. Older women with more

daily MVPA had a lower FOF risk, and this was largely mediated

by their better PF. This finding is consistent with the idea that

PF is a strong predictor of the overall health of older adults (56)

and contributes to better balance confidence (57) or lower concern

of falling (58), hence a low risk of fall (59). MVPA is one of the

primary modifiable factors capable of influencing PF of the old

population (28, 60, 61), while higher PF level can influence fall

efficacy or balance confidence to reduce FOF in older adults. A

Korean study found that most physical fitness factors including

6-min walk, 30-s chair stand, 30-s arm curl, sit and reach, and

grip strength were strongly associated with decreased FOF (62).

This suggested that PF played an important role in reducing

FOF. The logistic regression analysis indicated a significant

association between BMI and FOF. This finding is consistent

with previous studies that FOF is high in obese subjects (63).

People with higher BMI will restrict physical activity, regardless

of whether they have falling experiences (63). The mediating

effect of BMI accounted for 38.4% of the total effect of PF which

reminded us of maintaining an appropriate BMI to reduce the risk

of FOF.
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FIGURE 3

The mediating role of five times sit-to-stand in the association physical activity and fear of falling. The * and ** symbols indicate significance at 0.05

and 0.01 levels, respectively.

FIGURE 4

The mediating role of BMI in the association physical activity and fear of falling. The * and ** symbols indicate significance at 0.05 and 0.01 levels,

respectively.

Muscular fitness is also an important indicator of physical

health in the old population. Many studies have explored the

relationship between muscle strength and FOF, and the results

seemed inconsistent due to the usage of different muscle test

tools (64–67). In this study, we did not find a mediating role in

upper limb strength. Although no mediating effect was found, the

linear relationship between grip strength and FOF is significant.

Thus, we cannot deny the benefits of better upper limb strength

on FOF. This finding is consistent with the previous results that

older adults with FOF have lower grip strength compared with

those without FOF (65), and the grip strength level of women

with FOF is lower than that of men with FOF (68). Moreover, the

five times sit-to-stand, a commonly used measure of sit-to-stand

performance in older adults, is associated with dynamic balance.

The time to complete the five times sit-to-stand test is significantly

longer in older individuals with balance dysfunction than in healthy

control individuals (69). This study demonstrated that the time

to complete five times sit-to-stand was significantly associated

with FOF. This observation was in line with a recent study in

adults aged 50 years and older (70). Sit and reach was widely

used to evaluate flexibility, which is associated with improving

joint range of motion and function, and is important for the

daily activity performance in older adults. Only a few studies

explored the association between flexibility and health outcomes,

including arterial stiffening (71, 72) and the onset of atherosclerosis

(73). For the first time, this study found that older women with

high FOF had worse sit and reach performance and confirmed a

mediating role of flexibility in the relationship between MVPA and
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FOF. This means that the accumulation of more MVPA partially

reduces FOF by improving lower limb flexibility. Finally, we found

that forced vital capacity is also an independent mediator in the

relationship between MVPA and FOF. It is highly rational that

there is a significant correlation between strenuous MVPA and

forced vital capacity, which was found associated with functional

performance in older adults (42, 74, 75). However, so far, no

study has directly investigated the association between forced

vital capacity and FOF in older adults. More relevant research

is needed in the future to explore the role of physical fitness in

FOF management.

Conclusion

The findings of this study confirmed our hypothesis that

physical fitness mediated the association between PA and FOF in

older women. Specifically, an accumulation of more daily MVPA

was associated with a reduced risk of FOF rather than LPA.

The association between MVPA and FOF was fully mediated

by BMI and partially mediated by sit and reach, five times

sit-to-stand, and forced vital capacity. These findings highlight

the important role of PF in the relationship between PA and

FOF, which deepens our understanding of the impact of PA

on FOF in older women. Therefore, developing interventions to

promote MVPA participation is urgently needed to reduce FOF in

older women.

Limitations

There are several limitations to this study. First, the

cross-sectional design limited the ability to establish a causal

link, and longitudinal studies are needed in the future.

Second, the participants recruited in this study were not

nationally representative of the whole older population,

future studies need to include older men as well, and a

multi-center study is needed to better reflect the physical

activity and fear of falling situation in the whole Chinese

older population.
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Background: We are currently undergoing a profound process of digital 
transformation that has favoured the development and use of apps in multiple 
facets of people’s daily lives. In the fitness industry, this situation has facilitated the 
control of exercise and the maintenance of healthier lifestyles. However, it is not 
known how the perceived quality and importance of fitness apps vary for users 
based on gender and age, which is the objective of this study conducted among 
users of fitness centres.

Methods: By means of a convenience sample, 321 users from different centres 
of the boutique fitness chain Sano Centre (238 females and 83 males) took 
part in the study. They answered the 16 items of the MARS scale, distributed in 
four dimensions, in terms of importance and perceived quality. The existence 
of significant differences was analysed using non-parametrical statistics such 
as the U-Mann-Whitney (gender) and the H-Kruskal-Wallis (age). In addition, 
a cluster analysis, combining hierarchical and non-hierarchical methods, was 
analysed considering as a dependent variable the level of recommendation of 
fitness apps.

Results: Considering gender, in importance-performance analysis (IPA), credibility 
was the most important attribute for females and quality of information for males. 
In the case of age, credibility was the most important attribute in all the ranges. 
The cluster analysis established two groups (high and low recommendations 
of the fitness app). In importance, the first group scored better on all factors 
except entertainment and interest. In valuation, the scores were lower than on 
importance, especially in the low recommendation group.

Conclusion: Regarding usage behaviour, credibility is the factor to which users 
attach the highest importance and rating, regardless of gender and age. The main 
demand focuses on improving the gestural design and visual appeal, which will 
facilitate a better user experience.
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1. Introduction

Today’s society is immersed in a major process of digital 
transformation, accelerated by the global pandemic caused by 
COVID-19, in which technology and its different devices are here to 
stay. The lockdown imposed by the vast majority of countries led to a 
decrease in the levels of physical activity of the population, which 
began to use fitness apps to be  able to exercise and combat 
psychological problems such as anxiety or depression (1). Analysing 
the current impact of technology on society, we are social (2) estimates 
that 67.1% of the world’s population has a mobile phone, 96.2% of 
which are smartphones. Furthermore, it also specifies that 92.1% of 
the population accesses the internet via a mobile device.

Digitalisation allows consumers a greater accessibility and 
increased interaction and control of products and services regardless 
of the access device (i.e., mobile, tablet, television, or computer). In 
addition, it enables the sharing of customer interests and needs, 
optimising resources in a more economical, efficient, and sustainable 
way, typically through Apps (3). In fact, Apps allow users to perform 
a multitude of functions and tasks related to organization, 
management, communication, and entertainment (4). Thus, according 
to App Annie (5), 230 billion Apps were downloaded in 2021, 
representing a revenue of 170 billion dollars. Specifically in the fitness 
industry, Sensor Tower (6) states that fitness and health-related app 
downloads in Europe in 2021 reached a total of 290 million 
downloads. Recent reports highlight that among health and fitness 
apps, those related to physical activity and fitness are among the top 
ten apps in terms of downloads and spending in recent years (6, 7). 
However, a recent review found that there is a huge gap in the market 
between the existing offer and the needs of fitness app users, with 
much potential for improvement (8).

The main function of these Apps is to send and receive data 
through the Internet of Things or other users (9). Moreover, 
considering existing theories of technology use behaviour, they 
provide information to analyse human behaviour by adapting the 
services offered to the needs of their users (10). In fact, recently 
Caparrós et al. (11) affirmed the importance of technology in a greater 
efficiency and degree of compliance with physical activity programmes 
if Apps were used.

Therefore, technological advances have made it possible to 
facilitate the formation and maintenance of healthier lifestyles 
through a greater control of physical exercise via an App. Likewise, 
the fitness industry has become a global business that is progressively 
expanding at all levels in which managers and fitness centres must 
renew themselves through a continuous digital transformation. 
Thus, the popularity of fitness Apps among users is so great that 
predictions estimate that they will reach revenues of around 13 
billion dollars in 2025, i.e., an increase of 134% compared to 2020 
(12). Moreover, in parallel to this technological development, the 
scientific literature linked to fitness Apps has been evolving, 
considering aspects such as behavioural theories, technological 
characteristics, human behaviour concerning health, and the social 
influence surrounding users who employ this type of Apps. However, 
it has not been studied which are the functions and characteristics 
that users of this technology value and give importance to. In fact, 
the perceptions according to gender and age, and therefore the 
specifications in line with different population niches, are so far 
unknown. In this sense, the aim of this study is to find out the 

perception and importance of fitness Apps according to gender and 
age in users of fitness centres.

1.1. The perceived quality in fitness apps

The perceived quality of an App is complex to establish as it can 
be a subjective aspect and linked to a personal opinion when users 
evaluate it. Montazami et al. (13) state that to measure the perceived 
quality of Apps it is necessary to take into account general and specific 
aspects shared by Apps in the same field (for example, all those 
focused on fitness and health).

The concept of “perceived quality” associated with technologies 
does not have a definition that clearly contemplates objectivity as it is 
a personal opinion that depends on various factors (14). Considering 
various definitions of this concept, within the technological field in 
general it can be understood as the evaluation of the content, strategies 
and technical and functional characteristics offered by digital tools 
and devices to users (15, 16). In the context of Apps (app store), 
perceived quality “refers to the app’s user interface design and the 
performance and stability of the software program” (17), p. 1052. 
Similarly, the perceived quality of Apps can be  understood as an 
overall assessment of the different criteria proposed by the users 
themselves and the performance of the App with respect to these 
established criteria (18). The importance of the perceived quality of 
the Apps lies in the fact that if it is perceived positively, users will show 
a greater intention to download it and to use it in the future (19). In 
turn, and in the case of fitness Apps, this perception of the App could 
be  linked to factors such as the schedules of sports activities, the 
supervision by the virtual trainer, the content of the sessions, or an 
approach to fun and entertaining workouts (20).

Regarding the instruments used to measure the perceived quality 
of Apps, the proposal by Stoyanov et  al. (21), who developed the 
Mobile app Rating Scale (MARS), an instrument that assesses the 
perceived quality of health Apps, stands out. This tool makes it 
possible to evaluate health Apps in a reliable and multidimensional 
way (a characteristic that it shares with the concept of perceived 
quality), moving away from the scoring system based on the stars of 
user reviews. While this tool has been used in different contexts, 
recently Roberts et al. (22) used it to evaluate health Apps and found 
it useful in guiding health professionals in their exploration of apps 
for clinical use. Among their results, they found that aspects such as 
training for use, time or skill of use could become facilitators for the 
perceived quality.

In turn, this tool has also been used in fitness Apps, such as the 
study by Park et al. (23), where they found that relevant elements 
related to the functionality of fitness Apps were self-efficacy, 
innovativeness, outcome expectancy and engagement. Also, Paganini 
et al. (24) concluded that the perceived quality of fitness Apps depends 
on the importance of objective quality, such as engagement, 
functionality, aesthetics and information quality, and the subjective 
quality of the user. However, it has to be  taken into account that 
according to the World Health Organisation (25), health Apps, 
including fitness Apps, should be accessible to everyone and therefore 
those of any gender, age or culture. As a result, the analysis of the 
perceived quality of the Apps could shed light on their accessibility 
(26). In addition to perceived quality, other variables have been shown 
to be influential for users to utilise them. In fact, Damberg (27) found 
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multiple factors that could influence fitness app usage intention such 
as health consciousness, habit, perceived enjoyment, performance 
expectancy, and price value.

1.2. The perceived quality of fitness apps by 
gender and age

It is also important to note that within the marketing and scientific 
literature, the different variables have always been analysed according 
to different socio-demographic factors, especially gender and age. On 
the one hand, gender has always been used to target the population 
due to the differences in opinion and perception that often exist 
between males and females (28, 29). On the other hand, the age factor 
has become a determining factor in recent years due to the digital 
divide, which is manifested in the lower use of technology in middle-
aged and older adult audiences (30). Finally, the Unified Theory of 
Acceptance and Use of Technology 2 (UTAUT2) model suggests that 
both gender and age are two contextual factors that influence 
technology adoption and use (31).

In the sport context, gender and age are key factors for the use of 
fitness Apps, mainly because of the importance of people’s 
characteristics (32), in addition to other factors, such as facilitating 
conditions or habit. The literature reviewed on perceived quality 
shows that gender is a factor affecting consumer behaviour. Several 
studies found that males are more likely to use fitness apps than 
females (33, 34). With the growth of Apps and social media in recent 
years, gender has become an influential variable in global marketing 
strategies (35). Although there is a lack of research on the subject, it is 
known that users with greater knowledge about a field or sector are 
more aware of its perceived quality (36). In addition, these authors 
found that males perceived their favourite brand as having a better 
perceived quality compared to females. However, females were more 
interested in perceived quality as a concept, seeking more information 
to evaluate it.

Oyibo et al. (37) found differences between males and females in 
App responsiveness, where females were less responsive to rewards 
and cooperation compared to males. Another difference found was 
that males were more likely to be motivated by competitive physical 
activities compared to females (38). Therefore, depending on the 
target audience of the fitness App, those factors that have more 
persuasive power than others should be taken into account, such as 
cooperation, which will be a factor that mainly motivates females, 
while for males’ competition will be more motivating. However, Baer 
et al. (30) recently claimed that the existence of gender differences 
might depend on the App itself and therefore would not be a general 
difference for all people. In terms of information and system quality, 
Park et  al. (39) found gender differences where females are more 
concerned about safety and the potential risk while using technologies.

In another study Junker et al. (40) assessed the intention to use 
health promotion apps at work, finding gender differences, with 
females having a higher normative belief in the apps than males. On 
the other hand, females were welcomed gamification features more in 
fitness apps than males (8). Yet, considering the COVID-19 pandemic 
period, both females and males showed similar factors in fitness app 
usage during the lockdown (41). However, these authors indicated 
that females had more influential moderating factors than males with 
respect to affiliation, security and privacy risks. For these reasons, the 

gender gap in the adoption of new technologies via smartphones is 
decreasing, although both genders have different motives in the 
process of adopting the technology (42). In fact, there are also studies 
that reported no gender differences in technology adoption (27, 30, 
43, 44).

Regarding age, Yu et al. (45) stated that the perceived quality is 
linked to age and that it allows intervening in attracting, maintaining 
and increasing the number of customers. This is justified on the 
grounds that the older the users, the more experienced, knowledgeable, 
better planned and treated they are as customers. Therefore, this 
transforms them into more demanding and critical people in their 
sports consumption, determining a value of the perceived quality 
which is different from that of younger users (46). In particular, 
middle-aged and older adults have a lower acceptance of fitness apps 
than younger users (30). This is because middle-aged and older people 
are less interested in using apps as they perceive them as not very 
useful (47).

In fact, it should be kept in mind that most fitness Apps are geared 
towards young adults (48). Thus, Oyibo et  al. (37) found that, 
following the use of Apps, younger people (less than 24 years old) were 
more receptive to competitiveness, comparison and social learning in 
contrast to older people (24 years old or more). Similarly, Shih and 
Jheng (49) stated that age influenced the reception of persuasive 
strategies used in fitness Apps, and therefore their perceptions vary 
across age groups. For example, rewards as a strategy to continue using 
the App were more persuasive for young adults (under 40 years) than 
for older adults (40 years or more). Also, young users are more 
receptive to gamification features in fitness apps than older adults (8), 
while young people under the age of 25 have a higher perceived 
usefulness concerning fitness app usage intention than users over the 
age of 30 (50).

However, self-monitoring and cooperation in fitness Apps were 
more persuasive factors for older adults. Another interesting finding 
was social comparison, which was more motivating for younger 
people but had the opposite effect on older people (51). Thus, it could 
be said that age is a factor in the intention to use technologies and 
therefore in the perceived quality of fitness Apps (52). So, an effort 
should be made to guide studies that analyse the needs and perceptions 
of fitness Apps according to age (30). However, other studies such as 
that of Chiu et al. (44) did not find age to be a determining factor in 
the intention to remain using the fitness app.

Therefore, although gender and age have been found to influence 
the perceived quality of technology and especially Apps, the long-term 
appropriation of these devices is subject to many conditions, such as 
the acceptance of the App standards or the ability to do sport. 
However, it should be noted that people who consistently use fitness 
Apps have a more active lifestyle and therefore maintain the use of 
Apps (53). In other words, regular users of fitness Apps are generally 
already physically active and are long-lasting users (54). In contrast, 
for other users, the success of these Apps is the change of behaviour 
to a healthier or more physically active habit. For example, if 
abandonment of the App occurs, this could lead to disengagement 
from the adopted behaviour (55). Thus, determining the perceived 
quality of the App’s features could influence further use by both 
current and potential future consumers.

In summary, some of the other factors that have been found to 
be determinants beyond gender and age indicate that fitness app users 
with a higher level of income or social status are more likely to use 
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fitness apps (27, 33, 34), while people who are overweight or obese 
have a better consideration of the app’s gamification function (8). The 
size of the social network also influences how users rate themselves 
and the app (56). In relation to health, Kim and Han (43) found that 
health status is not a differential factor for physical activity through 
health apps.

1.3. The importance-performance analysis

The importance-performance analysis (IPA) is an underutilised 
method in the literature on technology and perceived quality (57, 58). 
The IPA developed by Martilla and James (59) is a method or 
technique for measuring consumer perception by analysing the reality 
sensed by consumers compared to their expectations. This method 
uses two dimensions (importance and valuation) to provide 
information on those aspects that require improvement and which 
have a direct effect on user satisfaction, or on their use in the case of 
Apps (58). According to Rial et al. (60), the IPA method is an approach 
for measuring user perception that allows a simple and functional 
identification of strengths and weaknesses, or areas for improvement. 
In addition, it also provides an insight into areas where resources are 
over-invested, elements where resources should be maintained, or 
those that are of no relevance to the user (61).

The IPA diagram consists of four quadrants, in which the different 
dimensions that comprise it are established, where the vertical axis 
represents the values of importance and the horizontal axis the values 
of valuation (62). The quadrants identified in the IPA are: quadrant 
I determines those elements with a relatively high level of importance 
but whose performance is low. Here the elements need to improve 
their performance. Quadrant II determines those elements with a 
relatively high level of importance and a relatively high level of 
performance. The items in this quadrant are considered as a factor 
supporting user satisfaction and should be maintained. Quadrant III 
determines the items with a relatively low level of importance and a 
relatively low level of performance. Items that fall into this quadrant 
have a low priority. Quadrant IV determines items with a relatively 
low level of importance and relatively high performance. Elements in 
this quadrant may indicate a possible excess of resources.

This analysis technique has been used in marketing strategies to 
analyse and compare those aspects that are of high importance in the 
services provided to consumers in fitness centres (63, 64). In this way, 
it allows a very intuitive visual assessment of fitness centre 
management and corresponding advice for a better allocation of 
organizational resources. However, it is not known which aspects are 
the most important and highly valued by fitness app consumers, even 
though we are aware of the increased use of these digital tools (65). 
Thus, trainers, managers and developers could know more precisely 
the needs of their consumers in order to improve, maintain and 
encourage the use of fitness Apps.

A recent study found that males had perceived enjoyment as a 
predictor and the most prominent exogenous variable was system 
quality (58). For females, perceived enjoyment was the most 
predictive factor and the most influential exogenous variable. 
Regarding the IPA analysis, Won et  al. (58) found that the 
relationships of the quality dimensions (information and quality) and 
the determinants of the technology acceptance model (perceived 
usefulness, perceived ease of use and perceived enjoyment) varied 

between males and females in predicting users’ intention to use 
fitness apps.

Finally, Grundy et al. (17) concluded the need to use innovative 
methods that evaluate the content and functions of fitness Apps and 
which are currently successful for the consumers who use them. 
Therefore, the use of this technique in fitness Apps could help, on the 
one hand, to establish better digital tools, and, on the other hand, to 
encourage their use and therefore the promotion of healthy habits. 
Consequently, gender and age have been found to be  two key 
determinants of perceived fitness app quality and intention to use. The 
UTAUT2 is a theoretical model being increasingly more used by 
expert authors in the field when assessing the adoption and use of 
technologies, specifically fitness apps. Venkatesh et al. (31) highlighted 
that the main determinants of attitude and intention to use 
technologies in addition to gender and age were user experience and 
willingness. Hence, further contributions to the literature related to 
IPA analysis and perceived quality of fitness app according to these 
determinants are needed.

2. Methodology

2.1. Data collection

Using a convenience sampling technique, the sample included a 
total of 321 participants, specifically 238 females and 83 males. With 
regard to the age, similar percentages of participation were obtained 
in both genders in all the age ranges used, concentrating the largest 
volume of participants between 31 and 40 years, as well as between 41 
to 50 years (Table 1).

2.2. Survey instrument

The questionnaire used for this research was the MARS scale (21), 
a tool adapted and validated in Spain by Martín-Payo et  al. (66), 
showing adequate psychometric properties to assess the perceived 
quality of health Apps from the user perspective. The scale is 
composed of 16 items distributed in four dimensions to evaluate in 
this study the perceived quality and importance of the elements of the 
Fitbe® App: commitment (five items), functionality (four items), 
aesthetics (three items) and information (four items) (Table 2). The 
response format for all the items was a 5-point Likert scale. To evaluate 
the importance, the Likert scale ranged from not at all important (1) 
to really important (5), and in the case of perceived quality, responses 

TABLE 1 Age range of the participants.

Women Men Total

n % N % n %

Age (years)

From 17 to 30 46 19.33 9 10.84 55 16.98

From 31 to 40 78 33.19 32 39.76 113 35.49

From 41 to 50 78 33.19 30 36.14 108 33.64

From 51 to 65 34 14.29 11 13.25 45 13.89

Total 236 73.46 82 25.62 321 100
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ranged from totally disagree (1) to completely agree (5). In the first 
place, we  asked about the importance that each item had for the 
participants, and then, in the same order as the previous ones, about 
the perceived quality that they gave to each item.

2.3. Procedure

The data were collected during 1 month, after obtaining the 
approval of the chain of personal training centres “Sano Centre” 
(currently it has 60 fitness centres in Spain), to send the proposal to 
participate in the study to the customers. The choice of the Sano 
Centre chain was motivated by the fact that it is one of the fitness 
centre chains with the largest number of sports facilities in Spain, and 
with the greatest personalisation of the sports service. In turn, this 
chain was chosen because its services include the use of Fitbe, which 
is the fitness App that was analysed. Fitbe is a software as a service 
linked to a fitness App whose main features are the booking of a sports 
activities agenda, the administrative management of users, the 
monitoring and control of sport training, the nutritional control, and 
the management of gamification actions. For data collection, a Google 
Form was built with all the items, and Sano Centre was in charge of 
sending it to its customers. Prior to completing the questionnaire, 
informed consent was obtained from the participants after initially 
reading the description of the study, and the confidentiality and 
anonymity of their responses were guaranteed. After consent was 
accepted and the objectives of the study were explained, the 
participants agreed to answer the questionnaire. The questionnaire 
took about 7–8 min to complete.

2.4. Data analysis

The IPA analysis was used to identify the values of the importance 
and the perceived quality of the different items in terms of the general 
mean, the discrepancy, and the segmented values according to the age 
range and gender. In the case of the discrepancy (difference between 
two figures that should be the same, but are obtained from different 
information sources), this was calculated using the difference in the 
score between importance and perceived quality. The representation 
was carried out through a scatter plot of points in a biaxial 
representation (y axis: importance; x axis: perceived quality), where 
each item measured in the quadrant was positioned, determining the 
importance-performance of each of them according to the 
IPA analysis.

The normality of the data was tested by univariate skewness and 
kurtosis, without values smaller than the criteria 3 and 7, respectively 
(67). The results showed the no parametric data of the variables. 
A comparative analysis was performed to observe possible significant 
differences for both gender (U-Mann–Whitney test) and age variables 
(Kruskal–Wallis test). The significance level was set at a value of 
p < 0.05.

Finally, a cluster analysis was carried out to identify possible 
groups of fitness App users with similar opinions about the perceived 
quality and the IPA analysis of a fitness App, taking as a dependent 
variable, the item ‘Recommendation of the fitness App to others’ (66). 
To obtain the cluster solutions, two methods were combined, 
hierarchical and non-hierarchical, with the aim of optimising the 
results. The cluster analyses were carried out using the guidelines 
proposed by Romesburg (68). The hierarchical cluster was analysed 
employing Ward’s Method, and for the similarity measures the 
Euclidean distance squared was used. Then, a non-hierarchical cluster 
was performed through the K-means method, taking as a reference the 
centroids of the cluster solutions of the hierarchical method for each 
period. All the data were analysed with IBM SPSS version 22.0.

3. Results

3.1. Discrepancy analysis

As a first step, a discrepancy analysis was carried out using a 
global sample, as well as according to gender and age ranges (Table 3). 
Considering the global sample, the greatest discrepancies were 
observed in the functionality and information dimensions (2 items 
each dimension), specifically, ease of use (−0.48), and navigation 
(−0.47) of the functionality dimension, and quality of information 
(−0.44), and visual information (−0.40) of the information dimension. 
The most positive discrepancies were for 4 of the 5 items in the 
commitment dimension: entertainment (0.94), personalisation (0.21), 
interest (0.17), and interaction (0.10).

3.2. Importance-performance analysis by 
gender

Next, an IPA analysis was carried out, thus verifying both the 
importance and performance of the different items of the 
questionnaire (Figure  1). To do this, the mean score was used, 

TABLE 2 Dimensions and items of the uMARS scale.

Item Dimension and item

Commitment

1 Entertainment

2 Interest

3 Personalization/Customization

4 Interaction

5 Targed audience

Functionality

1 Performance

2 Ease of use

3 Navigation

4 Gesture design/Gestural design

Aesthetic

1 Provision/Disposal

2 Graphics

3 Eye appeal/Visual appeal

Information

1 Quality of information

2 Quantity of information/Amount of information

3 Visual information

4 Credibility

62

https://doi.org/10.3389/fpubh.2023.1226888
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Martín et al. 10.3389/fpubh.2023.1226888

Frontiers in Public Health 06 frontiersin.org

obtaining with the global sample the lowest importance and 
performance in item entertainment (2.19 and 3.13, respectively), with 
the highest mean score corresponding to item credibility for both 
importance and performance (4.71 and 4.38, respectively). When 
performing the analysis segmented by gender, for both females and 
males, entertainment was the attribute with the least importance and 
performance. As for the attribute that showed the greatest importance, 
for females this was credibility, while for males it was quality of 
information, although with a slightly higher value than credibility; 
regarding the performance, credibility was the highest attribute in 
both genders (Table 4).

After the global analysis, the results for the different factors based 
on gender were verified, although it is important to consider the 
difference in samples. Significant differences were found in 
functionality and aesthetics, both for importance and performance, 
while commitment and information were only so in performance  
(p < 0.05). Considering the items, for the importance scale significant 
differences were obtained in the target audience and credibility items, 
while in the performance scale the differences were located in the 
items interaction, performance, gesture design/gestural design, 
provision/disposal, eye appeal/visual appeal, quantity of information/
amount of information, and visual information. In addition, in both 
scales (importance and performance) there were significant differences 
in the items navigation and graphics.

Later, the means were employed for positioning the different 
attributes in the scatter plot. Figures  2, 3 show the IPA matrix 
according to gender. In the case of low-priority attributes, 
entertainment, personalisation/customisation, interest and interaction 

were obtained for both genders, although graphics were also found for 
males. The attributes of high importance and low satisfaction were eye 
appeal/visual appeal and gesture design/gestural design in both 
genders, in addition to provision/disposal in the case of males.

3.3. Importance-performance analysis by 
age

The last step was to check the IPA analysis and the data matrix 
based on the different age ranges used. The entertainment attribute is 
the one that shows the lowest score both in importance and 
performance for all ranges, except for the range of 51–65 years 
(personalisation/customisation). The highest score obtained is focused 
in all the cases on the credibility attribute (See Table 5).

Analysing the possible differences between age groups, it was 
observed that there were statistically significant differences only in the 
performance scale (p < 0.05). Specifically, statistically significant 
differences were found in the interaction item between the 17–30 and 
31–40 age groups. Also, statistically significant differences were found 
in the entertainment, and navigation items between the 17–30 and 
51–65 age groups. On the other hand, the 31–40 age group had 
statistically significant differences to the 51–65 age group concerning 
the commitment factor and the entertainment, interest and eye 
appeal/visual appeal items (p < 0.05).

When analysing the scatter plot, in the attributes that show low 
priority we  find entertainment, interest, and personalisation/
customisation in the four age ranges. The interaction attribute was also 

TABLE 3 Discrepancy analysis.

Items General Female Male 17–30 years 31–40 years 41–50 years 51–65 years

Commitment

Entertainment 0.94 1.05 0.70 0.56 0.77 1.16 1.29

Interest 0.17 0.29 −0.11 0.13 −0.10 0.41 0.31

Personalization/Customization 0.21 0.29 0.07 0.40 0.00 0.25 0.40

Interaction 0.10 0.17 −0.08 0.20 −0.05 0.18 0.16

Targed audience 0.05 0.01 0.24 −0.16 0.03 0.10 0.27

Functionality

Performance −0.15 −0.13 −0.18 −0.45 −0.23 0.06 −0.09

Ease of use −0.48 −0.44 −0.51 −0.64 −0.57 −0.30 −0.47

Navigation −0.47 −0.44 −0.47 −0.58 −0.68 −0.31 −0.18

Gesture design/Gestural design −0.32 −0.28 −0.35 −0.55 −0.31 −0.26 −0.24

Aesthetic

Provision/Disposal −0.10 0.03 −0.37 −0.11 −0.03 −0.22 0.04

Graphics 0.01 0.00 0.16 0.00 0.03 −0.10 0.22

Eye appeal/Visual appeal −0.30 −0.19 −0.48 −0.24 −0.45 −0.28 0.00

Information

Quality of information −0.44 −0.41 −0.47 −0.35 −0.45 −0.44 −0.49

Quantity of information/

Amount of information

−0.24 −0.20 −0.29 −0.07 −0.24 −0.35 −0.18

Visual information −0.40 −0.34 −0.47 −0.42 −0.53 −0.28 −0.33

Credibility −0.33 −0.35 −0.27 −0.25 −0.37 −0.30 −0.36
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placed in this quadrant for the age range of 31–40 and over, and so was 
the graphics attribute in the age ranges of 17–30 and 41–50. The lowest 
age range 17–30 also placed eye appeal/visual appeal as a low priority. 
Finally, regarding attributes of high importance and low satisfaction, 
and therefore those on which attention must be  focused, gesture 
design/gestural design appeared in all the age ranges, eye appeal/visual 
emerged in the age ranges of 31–40 and 41–50 years, and navigation 
in the youngest age range (17–30) (Figures 4–7).

3.4. Cluster analysis

The cluster analysis was determined according to the variable of 
recommending the fitness App to other people. Cluster 1, labelled 
“High Recommendation,” made up  71.3% of the sample, 77.9% 
females, 35.9% between 31–40 years, and represented the fitness App 
users who had a high intention of recommending the App to other 
people who could benefit from it (M = 4.40). Cluster 2 was designated 
“Low Recommendation” because the score of recommendation to 
other people shown by fitness App users was low (M = 2.61). This 
represented 28.7% of the sample. 62.3% were females, and 40.9% 
between 41–50 years old.

Table 6 shows the descriptions of the variables of perceived quality 
of the fitness App considering the IPA analysis according to the two 
cluster groups obtained. The results show two clear differences in 
accordance with the importance and the rating given by both groups. 
While the “High recommendation” group generally scores higher  
on all the factors and items in importance than the “Low 
recommendation” group, this is not the case for the items 
entertainment and interest. For both groups the most important item 

was credibility, followed by quality of information. Statistically 
significant differences were observed for the items performance, 
graphics and credibility (p < 0.05).

On the other hand, the results of the perceived quality rating of 
the fitness App performance showed clearly lower scores than the 
importance, especially in the “low recommendation” group. In the 
“High recommendation” group the scores did not vary much from the 
importance rating. There were statistically significant differences in all 
the items according to recommendation in performance, while in 
importance these were only so in the items related to performance, 
graphics and credibility (p < 0.05).

4. Discussion

The aim of this study was to find out how sports users behave in 
terms of the importance and value they attach to the perceived quality 
of fitness Apps according to the consumer’s gender and age. To date, 
no studies have been found in the scientific literature that have 
analysed fitness Apps from the perspective of this method of analysis 
are in line with these two decision-making variables (65).

Aicher et  al. (69) state that the IPA method has been used 
sparingly in sports research, where most studies that have evaluated 
perceived quality in the sports context have only focused on the 
evaluation of performance. Therefore, this work becomes one of the 
first studies to offer valuable information for fitness App developers 
and sport managers as they can learn what aspects consumers value 
best in a fitness App in order to increase its use, and possibly the users’ 
frequency of physical activity (11). A recent study found that 
according to importance, the most relevant factors for predicting 

FIGURE 1

IPA Matrix general.
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fitness app intention to use were perceived enjoyment, followed  
by perceived system quality and perceived usefulness (58). For 
performance, the most relevant factors were also perceived enjoyment 
and perceived quality of system, while the third factor in this case was 
perceived ease of use.

Following the guidelines of Ferreira-Barbosa et  al. (10) and 
Gómez-Ruiz et al. (70), this study has identified the aspects that 
fitness App users consider most important, as well as those that are 
most highly rated. In this way, developers could adapt the features 
and content of the fitness App according to the needs of the target 
user. Wang et al. (8) found that when comparing the current fitness 
app market offerings and the preferences of fitness app users, there 
is a mismatch in user perceptions. This implies that there is 
currently much room for improvement within the app market when 
it comes to developing specific apps that match user preferences 
and needs.

The results obtained in the total sample highlighted that users 
consider the credibility of the information they receive from the 
fitness App to be more important. In this line, Valcarce and Díez (20) 
obtained, to a certain extent, similar results in their study on adherence 
to sports services through fitness Apps, finding that the aspects most 
valued by users when using a fitness App occur when it collects 
accurate, meaningful and useful data. Fitness app developers should 
focus on the usability and quality of apps by creating online training 
courses on the use of technologies and apps (41).

Therefore, considering existing behavioural theories, the different 
studies determine that the usefulness of the App is the main factor 
when considering its use (10, 71–75). In other words, sports users seek 
continuous improvement of their fitness through challenges or goals 
that are set by the data they receive through the fitness App. For 
example, Oyibo and Vassileva (76) found that perceived usefulness 
and perceived aesthetics were highly correlated with users’ 
receptiveness to the persuasive features of a fitness App, which can 
be reaffirmed by considering that the aspect that scored lowest in the 
results of this study in both importance and rating was training. In 
other words, users are not looking for a fitness App to be fun and 
entertaining, but for it to be useful and to show accurate information 
about different parameters of their physical activity. In line with Zhang 
and Xu’s study (77), the entertainment of fitness Apps turned out not 
to be of great importance when using them, as users were not looking 
for fun, but rather to achieve health and fitness goals. In contrast, Zhu 
et al. (41) consider the promotion of games through gamification, as 
their results highlighted the role of fun when using fitness apps.

These data can provide usage behavioural clues as to what factors 
determine the perceived quality of fitness Apps to a greater or lesser 
degree by users. It is also important to keep in mind that both 
credibility and entertainment are subjective and difficult to measure 
(14). These factors can be  key to consolidating the basis of what 
predisposes to the use of a fitness App and generates a higher 
perceived quality in its sports users (78). Considering gender, females 

TABLE 4 Importance and performance scores by gender.

Items Total Women Men U-Mann–Whitney

Imp. Perf. Imp. Perf. Imp. Perf. Imp. Perf

Commitment 3.33 3.62 3.32 3.68 3.32 3.48 9737.5 8018.5**

Entertainment 2.19 3.13 2.15 3.20 2.27 2.06 9293.5 8856.5

Interest 3.42 3.59 3.37 3.66 3.53 3.42 9131.5 8642.5

Personalization/Customization 3.28 3.48 3.25 3.54 3.29 3.36 9741.0 8918.0

Interaction 3.83 3.83 3.73 3.90 3.72 3.64 9831.5 8518.5*

Target

audience 4.04 4.09 4.12 4.13 3.77 4.01 8378.5* 8777.5

Functionality 4.35 4.00 4.40 4.08 4.20 3.82 8393.5* 8046.0*

Performance 4.26 4.10 4.30 4.17 4.12 3.94 8856.0 8578.0*

Ease of use 4.58 4.10 4.63 4.19 4.41 3.90 8809.5 8595.0

Navigation 4.44 3.97 4.50 4.06 4.25 3.78 8629.5* 8347.5*

Gesture design/Gestural design 4.14 3.81 4.18 3.89 4.00 3.65 8973.5 8523.0*

Aesthetic 4.02 3.89 4.06 4.01 3.85 3.62 8299.0* 7442.5***

Provision/Disposal 4.09 3.99 4.09 4.12 4.05 3.67 9534.5 7639.0***

Graphics 3.87 3.88 3.98 3.97 3.52 3.67 7690.0** 8333.0*

Eye appeal/Visual appeal 4.10 3.80 4.12 3.93 3.99 3.51 9271.5 7798.0**

Information 4.49 4.13 4.52 4.20 4.33 3.96 8793.5 7943.0**

Quality of information 4.60 4.17 4.63 4.21 4.53 4.06 9474.5 8918.5

Quantity of information/

Amount of information

4.27 4.03 4.32 4.12 4.11 3.82 9222.0 8478.0*

Visual information 4.33 3.93 4.37 4.03 4.18 3.71 8776.5 8214.0*

Credibility 4.71 4.38 4.78 4.43 4.51 4.24 8323.0** 8763.5

Highlights in bold; Imp, importance; Perf, performance. *p < 0.05, **p < 0.01, and ***p < 0.001.
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attach greater relative importance to the quality of fitness app 
information than males (58).

Similar to the data obtained in the total sample, credibility scores 
the best and entertainment the worst when analysed by age group or, 
in the case of gender, in the female sample. However, although the 
male group rated credibility as the highest rated item, it was the 

quality of information that was the most important item for the male 
group. Females scored significantly higher on the factors of 
functionality, aesthetics and information than males. These results 
may be due to the fact that the females had been enrolled in the fitness 
centre for less time than the males, who had more experience but no 
significant differences in length of stay. These results are consistent 

FIGURE 2

IPA matrix according to gender. Women.

FIGURE 3

IPA matrix according to gender. Men.
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with Lee and Cho’s (79) study in which users placed high importance 
on the credibility and quality of information in fitness Apps. Yet, male 
users tend to have a higher perceived usefulness of fitness apps than 
females and are less concerned about the use of fitness apps (80).

Furthermore, these researchers identified that credibility 
positively predicted the intention to continue using these Apps. This 
was supported by Zhang and Xu (77), who identified that users who 
employed fitness Apps rated credibility as one of the most important 
factors for them, although no gender distinctions were made. Another 
study showed that the perceived credibility of fitness Apps depended, 
to some extent, on the aesthetics they display to their users, even 
irrespective of their gender and age (81).

In this study, the variable most closely related to aesthetics was 
the visual appeal item. This aspect is of great importance for the 
users considering the total sample, although it did not receive a good 
rating, placing visual appeal in quadrant I of the IPA, where the 
focus of the work to be done to improve the App should be placed. 
These results are also reflected in the analysis according to gender, 
as for the female group visual appeal was placed in quadrant III of 
low priority.

With regard to age, it was observed that the most valued aspect 
in all the age groups was credibility. In turn, the quality of information 
was the second most highly rated aspect in all the groups except the 
oldest age group, 51–65 years, where ease of use was the second most 
highly rated aspect. On the other hand, among the aspects with the 
lowest ratings and importance was entertainment, which became less 

important as the user’s age increased. However, performance 
increased as the age range increased. Another aspect worth 
highlighting is the item of personalisation, which had the lowest 
score. Its behaviour is observed to decrease in importance and value 
from the youngest age group to the oldest age range. Personalisation 
is the aspect with the lowest performance for the 51–65 age group, 
behind entertainment.

As we have seen, age is a relevant factor when developing fitness 
Apps (30, 52). Older users attach greater importance to the accuracy 
of the information and the ease of use of the App than to the design 
and personalisation of the fitness App or entertainment. Therefore, 
the usability of the fitness App is more influenced by the perceived 
usefulness of the user than by the look and feel of the App. These 
results may also be justified to the extent that the time spent in the 
sports centre by the 51–65 years old group was significantly longer 
than the younger age group. In terms of age, older people are less 
interested in using fitness apps, perceive them to be less useful and 
have greater privacy concerns than younger people (30).

The cluster analysis showed the existence of two well-
differentiated groups with respect to the dependent variable of 
recommending the fitness App to third parties. On the one hand, 
there is a high proportion of users with high intentions of 
recommending the fitness App as they consider that it can benefit 
these people. On the other hand, approximately three out of ten users 
consider that recommending the fitness App to others is not favoured. 
Within the literature, no studies have been identified that have 

TABLE 5 IPA analysis and the data matrix based on the different age ranges used.

Items 17–30 years 31–40 years 41–50 years 51–65 years H-KW(df)

Imp. Perf. Imp. Perf. Imp. Perf. Imp. Perf. Imp. Perf.

Commitment 3.41 3.64 3.33 3.46 3.25 3.67 3.44 3.92 1.50(3) 15.00(3)**

Entertainment 2.24 2.80 2.17 2.94 2.09 3.25 2.44 3.73 3.15(3) 15.61(3)***

Interest 3.33 3.45 3.50 3.40 3.28 3.69 3.67 3.98 3.51(3) 12.34(3)**

Personalization/Customization 3.40 3.80 3.27 3.27 3.26 3.50 3.20 3.60 0.68(3) 7.55(3)

Interaction 3.95 4.15 3.71 3.66 3.61 3.79 3.84 4.00 2.86(3) 11.54(3)**

Target audience 4.15 3.98 4.00 4.03 4.04 4.14 4.02 4.29 0.47(3) 4.51(3)

Functionality 4.40 3.84 4.37 3.92 4.30 4.10 4.40 4.16 0.272(3) 5.689(3)

Performance 4.42 3.96 4.29 4.05 4.15 4.20 4.27 4.18 4.47(3) 1.97(3)

Ease of use 4.58 3.95 4.60 4.03 4.51 4.21 4.69 4.22 1.73(3) 4.32(3)

Navigation 4.38 3.80 4.50 3.83 4.43 4.12 4.38 4.20 1.50(3) 8.19(3)*

Gesture design/Gestural design 4.20 3.65 4.08 3.77 4.12 3.86 4.27 4.02 1.61(3) 3.73(3)

Aesthetic 3.95 3.84 4.01 3.86 4.04 3.84 4.06 4.15 0.994(3) 6.499(3)

Provision/Disposal 4.04 3.93 4.03 4.00 4.18 3.96 4.07 4.11 1.74(3) 1.63(3)

Graphics 3.85 3.85 3.82 3.85 3.92 3.82 3.91 4.13 0.50(3) 5.21(3)

Eye appeal/Visual appeal 3.96 3.73 4.18 3.73 4.03 3.74 4.20 4.20 3.15(3) 8.33(3)*

Information 4.49 4.21 4.49 4.09 4.44 4.10 4.53 4.19 1.310(3) 3.614(3)

Quality of information 4.67 4.33 4.62 4.17 4.55 4.11 4.62 4.13 1.57(3) 3.99(3)

Quantity of information/

Amount of information

4.16 4.09 4.29 4.04 4.29 3.94 4.31 4.13 1.28(3) 1.87(3)

Visual information 4.38 3.96 4.35 3.82 4.22 3.94 4.47 4.13 4.21(3) 4.21(3)

Credibility 4.73 4.47 4.70 4.32 4.71 4.40 4.73 4.38 0.78(3) 1.25(3)

Highlights in bold; Imp. = importance; Perf. = performance; H-KW=H-Kruskal-Wallis. * p < 0.05; **p < 0.01; ***p < 0.001.
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conducted a cluster analysis considering the intention to recommend 
a fitness App. These results may corroborate to some extent the 
results of the IPA analysis on the satisfaction of the fitness App 
attributes placed mostly within quadrant II (65). Ultimately, a high 
perceived quality may be indicative of a high intention to recommend 
the fitness App.

In summary, agreeing with Aicher et al. (69), the results of the IPA 
analysis are useful and allow us to measure both the importance and 
the performance benefits to understand fitness app users’ attitudes 
towards fitness app attributes. Furthermore, the results show that with 
regard to the direction fitness apps are currently taking, they need to 

take into account the target audience they are aimed at. This would 
allow them to focus more on one aspect or another depending on the 
characteristics of the user, including the ability of the app itself to 
adapt to the behaviour and singularities of the person who is going to 
use it (70).

4.1. Limitations and future research

The main limitations encountered when carrying out this 
study were, firstly, the small sample size given that the fitness 

FIGURE 4

IPA analysis in the age range of 17–30.

FIGURE 5

IPA analysis in the age range of 31–40.
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centres analysed are boutique fitness centres. On the other hand, 
we  analysed the data extracted through a specific fitness App, 
without considering those that may be the most used by users and 
downloaded from Android or IOS shops. Another limitation is the 
lack of scientific literature on the subject. There are no similar 
previous studies that set out specific guidelines to follow and that 
provide data on the aspects studied to compare the results 
obtained with other similar studies. Finally, convenience sampling 
prevents the results of the study from being generalised. 
Furthermore, the sample obtained is distributed in an unbalanced 
way with respect to the higher proportion of females and a lower 

proportion of older adult participants. As for future lines of 
research, it is proposed that a study be conducted with a larger 
sample that allows for a better understanding of the fitness app 
user population. In future research, it is encouraged to continue 
applying this type of analysis to different apps in order to establish 
evidence. Stratified probability sampling should also be conducted 
to obtain similar proportions of the sample by gender or age. 
Finally, further study of fitness Apps usage behaviour in older 
adults is advocated. As indicated, most fitness Apps are targeted 
at younger adults, and few are personalised for older adults. In 
relation to the fitness App used, future studies need to 

FIGURE 7

IPA analysis in the age range of 51–65.

FIGURE 6

 IPA analysis in the age range of 41–50.
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be conducted with it to compare the data with those of the present 
study and corroborate the results and conclusions. On the other 
hand, it is necessary to carry out new studies with other apps to 
collect new data and establish the fundamentals of the usage 
behaviour of current and future older adults, as they belong to 
different technological generations.

5. Conclusion

In relation to the objective of this study, it is concluded that, 
regarding the usage behaviour of a fitness App, credibility is the most 
important and valued factor for users, regardless of their gender or 
age. The second factor was quality of information and the third ease 
of use. This is important as credibility was the highest rated and most 
important aspect in terms of gender and age. The cluster analysis 
corroborates the degree of satisfaction of the attributes, showing the 
existence of two groups according to the intention to recommend the 
fitness App, highlighting that around 70% have a high intention to 
recommend the use of the fitness App because of the benefits it can 
bring to other people. The findings show two groups in accordance 
with the perception of the fitness App. The high recommendation 
group scored higher on all factors and items in importance than the 
low recommendation group, except for the items entertainment and 
interest. For both groups the most important item was credibility, 
followed by quality of information. Also, the results showed 

significant differences for the items performance, graphics 
and credibility.

On the other hand, those responsible for the Fitbe fitness App 
should take into account the data obtained in this study to adapt to the 
needs demanded by their audience, in particular, to improve the 
gestural design and the visual appeal of the app. In conclusion, a 
fitness App that offers the user what they are looking for will allow 
them to have a high positive perceived quality and, therefore, a better 
experience during its use, which will result in greater satisfaction in 
this use. To this end, knowledge of the variables that influence fitness 
App usage behaviour will be key. Finally, the findings have shown that 
age is a factor to be  borne in mind, as older users may feel less 
identified when using a fitness App.

5.1. Practical implications

Based on the results obtained in this study, the target audience of 
a fitness App must be taken into account, from the development to the 
content of the app. On the other hand, consumers are primarily 
looking for a credible, easy-to-use fitness App with a good quality of 
information and navigation. In contrast, sports users do not mind if it 
is not entertaining or if the presentation of the information helps them 
to meet their fitness and health goals. In the case of the Fitbe fitness 
App, the IPA analysis shows that they should focus efforts on 
improving the gestural design and visual appeal of the App.

TABLE 6 Cluster analysis descriptive of IPA analysis.

Items High recommendation Low recommendation U-Mann–Whitney

Imp. Perf. Imp. Perf. Imp. Perf

Commitment 3.34 3.88 3.32 3.00 10574.0 4003.5***

Entertainment 2.17 3.42 2.24 2.41 10416.0 5938.5***

Interest 3.40 3.89 3.46 2.84 10421.5 5314.5***

Personalization/Customization 3.28 3.69 3.28 2.97 10652.5 7014.0***

Interaction 3.76 4.04 3.68 3.32 10386.5 6998.0***

Targed audience 4.07 4.34 3.96 3.48 10014.5 5390.0***

Functionality 4.40 4.24 4.23 3.40 9659.0 4687.5***

Performance 4.35 4.31 4.04 3.59 9212.0* 6675.0***

Ease of use 4.63 4.37 4.46 3.43 9894.5 5482.5***

Navigation 4.47 4.23 4.37 3.33 10193.5 5693.0***

Gesture design/Gestural design 4.17 4.05 4.06 3.23 10338.5 5872.0***

Aesthetic 4.05 4.19 3.94 3.15 9963.0 3519.5***

Provision/Disposal 4.03 4.24 4.23 3.37 9440.5 5796.5***

Graphics 3.97 4.14 3.62 3.23 8862.0** 5278.5***

Eye appeal/Visual appeal 4.15 4.17 3.97 2.87 9981.5 3560.5***

Information 4.52 4.34 4.37 3.60 9854.5 4157.5***

Quality of information 4.65 4.38 4.51 3.65 9983.0 5667.5***

Quantity of information/Amount 

of information

4.30 4.25 4.20 3.48 10595.5 5967.5***

Visual information 4.38 4.21 4.19 3.24 9754.5 4559.0***

Credibility 4.76 4.52 4.58 4.03 9551.5* 7295.5***

Highlights in bold; Imp, importance; Perf, performance. *p < 0.05, **p < 0.01, and ***p < 0.001.
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There is a niche fitness market in older adults, so it is essential to 
take into account the needs and characteristics of this population in 
order to offer a fitness App adapted to them. According to the data 
obtained in this study, older adults gave the worst score to the 
personalisation of the Fitbe fitness App. In short, developers and 
managers of fitness Apps should consider carrying out an IPA analysis 
that shows the strengths and weaknesses of their Apps. In addition, an 
IPA analysis would allow them to better understand their users and 
their needs, being able to select the content shown in the App 
according to the registered profile, which is essential for fitness app 
managers in the quest to consolidate a greater number of customers 
in their services through technology.
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Objectives: While Bayesian networks (BNs) represents a good approach to 
discussing factors related to many diseases, little attention has been poured into 
heart attack combined with hypertension (HAH) using BNs. This study aimed to 
explore the complex network relationships between HAH and its related factors, 
and to achieve the Bayesian reasoning for HAH, thereby, offering a scientific 
reference for the prevention and treatment of HAH.

Methods: The data was downloaded from the Online Open Database of CHARLS 
2018, a population-based longitudinal survey. In this study, we  included 16 
variables from data on demographic background, health status and functioning, 
and lifestyle. First, Elastic Net was first used to make a feature selection for highly-
related variables for HAH, which were then included into BN model construction. 
The structural learning of BNs was achieved using Tabu algorithm and the 
parameter learning was conducted using maximum likelihood estimation.

Results: Among 19,752 individuals (9,313 men and 10,439 women) aged 
64.73 ± 10.32 years, Among 19,752 individuals (9,313 men and 10,439 women), there 
are 8,370 ones without HAH (42.4%) and 11,382 ones with HAH (57.6%). What’s 
more, after feature selection using Elastic Net, Physical activity, Residence, Internet 
access, Asset, Marital status, Sleep duration, Social activity, Educational levels, Alcohol 
consumption, Nap, BADL, IADL, Self report on health, and age were included into BN 
model establishment. BNs were constructed with 15 nodes and 25 directed edges. 
The results showed that age, sleep duration, physical activity and self-report on health 
are directly associated with HAH. Besides, educational levels and IADL could indirectly 
connect to HAH through physical activity; IADL and BADL could indirectly connect to 
HAH through Self report on health.

Conclusion: BNs could graphically reveal the complex network relationship 
between HAH and its related factors. Besides, BNs allows for risk reasoning for 
HAH through Bayesian reasoning, which is more consistent with clinical practice 
and thus holds some application prospects.

KEYWORDS

Bayesian networks, multimorbidity, related factors, model construction, heart attack, 
hypertension
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Introduction

Multimorbidity, a condition characterized by the presence of two 
or more chronic conditions in an individual, has emerged as a major 
challenge for healthcare services globally (1). This is primarily because 
multimorbidity is associated with increased healthcare expenditures, 
decreased quality of life, and reduced life expectancy. In the context of 
China, the prevalence of multimorbidity reached 42% among the 
surveyed participants, underscoring its substantial prevalence (2). 
Moreover, the prevalence and patterns of multimorbidity display 
noteworthy variances influenced by gender and residential regions 
within the older Chinese population. The prevalence escalates from 
30.2% among individuals aged 50–54 years to 57.5% among those aged 
80–84 years (2). Furthermore, a comparative analysis reveals that 
individuals afflicted with cardiometabolic or respiratory 
multimorbidity experience markedly escalated risks of mortality, with 
a similar trend observed for those with gastrointestinal and 
hepatorenal multimorbidity. Notably, each additional disease is 
associated with a 36% increase in mortality risk (3).

Despite its growing severity, the prevention of multimorbidity 
remains a poorly understood area. However, recent research has 
suggested that psychosocial and behavioral factors, along with 
population-level interventions and structural changes, may offer 
effective solutions (4). Addressing risk factors such as smoking, poor 
diet, and physical inactivity can help to alleviate the burden 
of multimorbidity.

In the previous work (5), scholars have explored various factors 
related to multimorbidity, but few have focused on the most common 
disease combinations. Among these, the combination of heart attack 
and hypertension (HAH) represents a significant burden on healthcare 
systems, leading to reduced quality of life and shortened life 
expectancy. The multifaceted etiology of heart attack complicated with 
hypertension (HAH) underscores the importance of exploring related 
factors comprehensively. Previous studies have shown that 
hypertension is an important risk factor for cardiovascular disease (6), 
not only accelerating the progression of heart disease but also 
increasing the susceptibility to develop HAH. Additionally, aging 
further amplifies susceptibility to cardiovascular disease and requires 
exhaustive exploration of its complex interactions with other risk 
factors (7). Besides, lifestyle factors, particularly physical activity and 
sleep duration, play a key role in maintaining cardiovascular health 
(8). These factors, together with socioeconomic determinants such as 
education (9) and functional ability (10), exert a noteworthy influence 
on the risk of HAH. Understanding the multifaceted relationships 
between these factors is essential for effective risk assessment and 
intervention strategies.

Recently, scholars (11–13) employed logistic regression to detect 
risk factors for hypertension or heart disease. However, these models 
have limitations, including the inability to account for correlations 
between variables, make sequential predictions or identify direct and 
indirect risk factors. Bayesian networks (BNs), proposed by Pearl 
Judea in 1986, provide a better solution for exploring complex 
relationships between diseases and their risk factors. BNs consist of a 
directed acyclic graph (DAG) that reflects potential relationships 
among influencing factors and a conditional probability distribution 
table (CPT) that demonstrates correlations between variables.

Compared to traditional models, BNs offer several advantages, 
including the ability to infer the probability of unknown nodes and 

flexibly demonstrate the impact of relevant risk factors on 
HAH. However, to the best of our knowledge, no study has yet 
employed BNs for exploring risk factors for HAH. This is a significant 
gap in the literature, as HAH is a major cause of morbidity and 
mortality worldwide.

Tabu-Search, a global optimization algorithm introduced by 
Glover (14), allows for good structure learning for BNs, overcoming 
the limitations of traditional logistic regression. Now, BNs has been 
applied to explore risk factors for stroke (15), hyperlipidemia (16), 
hyperhomocysteinemia (17). To the best of our knowledge, no 
scholars have yet sought to employ BNs for related factor exploration 
in HAH. If applied, it would be clinically significant.

To this end, this study aims to employ BNs with the Tabu 
algorithm to detect risk factors for HAH using data from the China 
Health and Retirement Longitudinal Studies (CHARLS) 2018 
involving 19,752 participants. We believe the findings of this study will 
provide new insights for clinical practice and reduce the prevalence of 
HAH. By identifying the most important risk factors for HAH, 
healthcare providers can develop targeted interventions to prevent 
and manage this condition, improving patient outcomes and reducing 
healthcare costs.

Materials and methods

Study participants

The China Health and Retirement Longitudinal Studies 
(CHARLS) is an ongoing longitudinal survey that aims to provide a 
comprehensive understanding of the social, economic, and health 
conditions of middle-aged and older individuals aged 45 or above in 
China. The baseline survey was initiated in 2011 and is followed up 
every 2 years. Covering 150 districts and 450 urban and rural 
communities across China, with approximately 10,000 households 
and 17,000 participants, the study provides valuable insights into the 
collective situation of middle-aged and older people in China (18).

For this study, data was obtained from the fourth published dataset 
of CHARLS, which was made available on September 23, 2018.1 The 
study’s inclusion criteria encompassed individuals aged 45 years and 
above and the utilization of data sourced from the CHARLS dataset. 
Exclusion criteria were applied stringently, targeting severely incomplete 
data pertaining to essential variables. Furthermore, the exclusion criteria 
extended to participants whose data lacked crucial demographic 
information such as age, gender, and household registration. All 
respondents provided informed consent, and the Institutional Review 
Committee of Peking University approved all CHARLS waves. The 
survey was conducted in nine randomly selected provinces using a 
multi-stage stratified group random sampling method in the east, center, 
and west of China. The questionnaire survey gathered information 
related to Family Transfer, Family Information, Work Retirement, 
Pension, and Household Income of the population who participated in 
the survey in 2018. The selection of independent variables in this study 
was guided by a rigorous and well-founded approach. These variables 
were chosen based on their known associations with cardiovascular 

1 http://charls.pku.edu.cn/
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health and multimorbidity, as well as their potential to contribute to the 
intricate network underlying HAH. Some variables had missing values, 
which were handled using multiple imputation with the RF method 
with package “mice” in R software.

Variable definition

General information
Age is categorized as <55 years, 55–65 years, 65–75 years, 

and > 75 years. Marital status is classified as Married, Divorced, 
Widowed, or Never Married. Educational background is categorized as 
incomplete primary school (≤ primary school), primary school/junior 
high school (≤ high school), high school/secondary school/junior 
college (< college), undergraduate and above (≥ college). Residence is 
classified as Town, Combination zone between urban and rural areas 
(boundary), Village, or Special area. Smoking and alcohol consumption 
are classified as “No” and “Yes.” Sleep duration is categorized as ≤5 h, 
5–6 h, 6–7 h, 7–8 h, and ≥ 8 h. Asset is defined as ≤3,000 Yuan, ≤8,000 
Yuan, or >8,000 Yuan. Self-reported health comprises very poor, poor, 
fair, good, and very good. Internet access is defined as “No” or “Yes.”

Activity of daily living assessment
The assessment consists of Basic Activities of Daily Living (BADL) 

and Instrumental activities of daily living (IADL). BADL includes six 
parameters: dressing, bathing, eating, going to bed, going to the toilet, 
and controlling defecation. IADL comprises six parameters: doing 
housework, preparing meals, shopping, managing money, and taking 
medicine. Any indicator that is unable to be completed is defined as 
impaired BADL or IADL (19).

Physical activity
The International Physical Activity Questionnaire (IPAQ) (20) 

was used to assess physical activity. Energy expenditure was calculated 
using the exercise intensity assigned to the physical activity, weekly 
frequency (days/week), and time per day (minutes/day). The sum of 
energy expenditure of the three intensity types was the total physical 
activity expenditure of a week. Vigorous intensity physical activity was 
assigned a value of 8.0, moderate intensity 4.0, and walking 3.3. 
Physical activity was categorized into three mutually exclusive groups 
based on the calculated physical activity energy expenditure: low 
(<600 MET-min/week), moderate (600–3,000 MET-min/week), and 
high (≥3,000 MET-min/week).

The CHARLS database collected information on doctor-
diagnosed chronic diseases, including 14 types of diseases, by asking 
“Have you  been diagnosed by a doctor with any of the following 
diseases”: hypertension, dyslipidemia, diabetes, cancer, chronic lung 
disease, liver disease, heart disease, stroke, kidney disease, stomach or 
digestive system disease, emotional or psychiatric problems, memory-
related diseases, arthritis, or rheumatism, and asthma. In this study, 
heart attack in combination with hypertension (HAH) was defined as 
the response variable.

Elastic Net

Lasso regression is not appropriate for variables with multi-
linearity as it does not take into account the correlations between 

features. Similarly, Ridge regression cannot create a model with a 
coefficient of zero, which makes it unsuitable for feature selection. 
In 2005, Zoo and Hastie (21) proposed the Elastic Net (EN) penalty 
model, which is a combination of Lasso and Ridge regression. The 
EN regression estimates can be expressed as a convex combination 
of Lasso and Ridge regression, given by the following equation:
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Here, b  is the regression coefficient, and l represents the penalty 
coefficient. a  is a value that ranges from 0 to 1, and it adjusts the 
penalty with l. When a  = 1, the EN model is equivalent to Lasso 
regression, and when a  = 0, it is equivalent to Ridge regression. By 
combining the two, EN regression can create a sparse model with ideal 
feature selection, compensating for the effects of correlation between 
observed variables.

Bayesian networks

BNs (22) is a Directed Acyclic Graph (DAG) proposed by Judea 
Pearl in1988. It consists of nodes representing variables and directed 
edges connecting them. Nodes represent random variables and direct 
edges between nodes represent the interrelationship between nodes 
(from the parent node to its child nodes). It uses a conditional 
probability distribution table (CPT) to express the strength of the 
relationship quantitatively. When this is no parental node, it was 
expressed with prior probabilities.

Thus, BNs use the graphical structure and network parameters to 
uniquely determine the joint probability distribution on the random 
variable which can be listed as:
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In the Bayesian network, let À xi( ) represent the set of 
parent nodes of xi, where À x x , ,xi i( ) Í ¼( )-1 1 . Given the values of 
À xi( ) , xi is conditionally independent of the other 
variables in x , ,xi1 1¼( )- .

Statistical analysis

The percentages (%) were used to describe the qualitative data and 
the Chi-square tests were used to make comparisons. The EN was 
obtained through the use of the “Glmnet” package, while the structure 
learning of the BNs was carried out using the tabu function in the 
“bnlearn” package in R studio (4.2.0). The maximum likelihood 
estimation was used for parameter learning of the BNs. The Netica 
software was used to plot the Bayesian reasoning and conditional 
probability distribution tables. p < 0.05 was considered to 
be statistically significant.
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Results

Baseline characteristics of respondents

A total of 19,752 participants were included in the study, 
consisting of 11,382 patients with HAH, with 5,400 males (47.4%) and 
5,982 females (52.6%). The proportions of patients in different age 
groups were 12.7% for those aged <55 years, 30.1% for those aged 
between 55 and 65 years old, 34.5% for those aged between 65 and 
75 years old, and 22.7% for those aged >75 years old. The percentages 
of participants engaging in light, moderate, and vigorous physical 
activity were 15.5, 30.8, and 53.7%, respectively. The distribution of 
education levels was 44.9% for ≤ primary school, 42.8% for ≤ middle 
school, 11.4% for < college, and 0.9% for ≥ college.

Among the individuals without HAH, 3,913 were male (46.8%) 
and 4,457 were female (53.2%). The proportions of participants in 
different age groups were 24.2% for those aged <55 years, 37.1% for 
those aged between 55 and 65 years old, 27.4% for those aged between 
65 and 75 years old, and 11.3% for those >75 years old. The percentages 
of participants engaging in light, moderate, and vigorous physical 
activity constituted 10.8, 27 and 62.3%, respectively. The distribution 
of education levels was 41.5% for ≤ primary school, 45.2% for ≤ 
middle school, 12.5% for < college, and 0.8% for ≥ college. Detailed 
statistical description on other variables could be available in Table 1.

Elastic Net

In this study, Elastic Net (EN) was used to select the features, and 
the best model performance was achieved by optimizing the key 
parameters using tenfold cross-validation (α = 0.9). The coefficients of 
the risk factors that were not closely related to HAH were compressed 
to 0 and removed. The analysis found that 14 factors were associated 
with HAH and included in the BN model establishment. These factors 
were Physical activity (−0.120), Residence (−0.100), Internet access 
(−0.050), Asset (0.004), Marital status (0.005), Sleep duration (0.012), 
Social activity (0.030), Educational levels (0.043), Alcohol 
consumption (0.063), Nap (0.071), BADL (0.134), IADL (0.163), Self-
report on health (0.187), and age (0.376), as shown in Figure 1. This 
approach simplified the structure of the BNs by focusing on the risk 
factors that were closely associated with HAH.

Bayesian networks

The 14 variables were included in the construction of BNs, which 
consisted of 15 nodes and 25 directed edges. Each node represents a 
variable, and the directed edges represent the probabilistic dependence 
between connected nodes. The number in Figure 2 represents the 
prior probability of each node, with the prior probability of HAH 
being 0.576, or P(HAH) = 0.576.

The BNs revealed that age, sleep duration, and physical activity are 
parental nodes of MMD, indicating a direct association with 
HAH. Additionally, age is the parental node of both IAD and physical 
activity, suggesting that age could be directly associated with HAH 
through IADL and physical activity. Furthermore, age is a parental 
node of marital status, Internet access, and educational levels, 
implying that age could be a direct factor related to them. Specifically, 

TABLE 1 Baseline characteristics of individuals with and without HAH.

Variables Non-HAH 
(N  =  8,370)

HAH (N  =  11,382)

Sex

Male 3,913 (46.8%) 5,400 (47.4%)

Female 4,457 (53.2%) 5,982 (52.6%)

Age (years)

<55 2025 (24.2%) 1,440 (12.7%)

55 ~ 65 3,105 (37.1%) 3,428 (30.1%)

65 ~ 75 2,293 (27.4%) 3,931 (34.5%)

>75 947 (11.3%) 2,583 (22.7%)

Physical activity

Light 901 (10.8%) 1767 (15.5%)

Moderate 2,256 (27%) 3,508 (30.8%)

Vigorous 5,213 (62.3%) 6,107 (53.7%)

Educational levels

≤ Primary school 3,477 (41.5%) 5,111 (44.9%)

≤ Middle school 3,782 (45.2%) 4,873 (42.8%)

< College 1,045 (12.5%) 1,297 (11.4%)

≥ College 66 (0.8%) 101 (0.9%)

Residence

Town 1,416 (16.9%) 2,180 (19.2%)

Combination 591 (7.1%) 837 (7.4%)

Village 6,333 (75.7%) 8,308 (73%)

Special area 30 (0.4%) 57 (0.5%)

Marital status

Married 7,395 (88.4%) 9,494 (83.4%)

Divorced 111 (1.3%) 130 (1.1%)

Widowed 818 (9.8%) 1,686 (14.8%)

Never married 46 (0.5%) 72 (0.6%)

Sleep duration (h)

<5 2,564 (30.6%) 3,796 (33.4%)

5 ~ 6 1880 (22.5%) 2,435 (21.4%)

6 ~ 7 1,514 (18.1%) 1871 (16.4%)

7 ~ 8 1,679 (20.1%) 2,136 (18.8%)

>8 733 (8.8%) 1,144 (10.1%)

Nap (h)

0 3,407 (40.7%) 4,174 (36.7%)

0 ~ 30 1,456 (17.4%) 2030 (17.8%)

> 30 3,507 (41.9%) 5,178 (45.5%)

Smoking

No 4,972 (59.4%) 6,572 (57.7%)

Yes 3,398 (40.6%) 4,810 (42.3%)

Alcohol consumption

No 5,492 (65.6%) 7,621 (67%)

Yes 2,878 (34.4%) 3,761 (33%)

(Continued)

77

https://doi.org/10.3389/fpubh.2023.1259718
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhang et al. 10.3389/fpubh.2023.1259718

Frontiers in Public Health 05 frontiersin.org

educational levels and IADL could indirectly connect to HAH through 
physical activity, while IADL and BADL could indirectly connect to 
HAH through self-report on health.

Bayesian reasonings

BNs can predict the likelihood of disease occurrence by analyzing 
the influence of various factors on HAH through computing 
conditional probabilities P(y|xi).

If one’s age is >75 years, the probability increases from the prior 
probability to 0.719, that is, P (HAH|age > 75 years) = 0.719, as shown 
in Figure 3. And if the person is subject to light physical activity, the 
probability rises to 0.764, that is, P (HAH|age > 75 years, light physical 
activity) = 0.764, as shown in Figure 4. Besides, If the person’s sleep 
duration is among 6 to 7 h, the probability rises to 0.789, that is, P 
(HAH|age > 75 years, light physical activity, sleep duration with 
6–7 h) = 0.789, as shown in Figure 5. Additionally, If the person’s self 
report on health is very good, the probability to develop HAH 
amounts to 0.917, that is, P (HAH|age > 75 years, light physical activity, 
sleep duration with 6–7 h, very good self report) = 0. 917, as shown in 
Figure 6.

Discussion

When investigating risk factors for HAH, previous studies 
often relied on logistic regression, which uses probabilities to 
indicate the strength of the association. However, it cannot 
provide a comprehensive overview of the overall association 
between risk factors (15), nor can it detect direct or indirect risk 
factors. In contrast, BNs offer several advantages over logistic 
regression in establishing risk factor models (23). Firstly, BNs do 
not require any prior assumptions. Secondly, the model can 
integrate multiple variables and analyze their relative importance 
(24). As a result, BNs have gained popularity among clinical 
researchers in recent years. Research has demonstrated that BNs, 
as risk assessment tools for large clinical datasets, can 
quantitatively identify key indicators for predicting specific 
histopathological diagnoses and prognoses and identifying risk 

TABLE 1 (Continued)

Variables Non-HAH 
(N  =  8,370)

HAH (N  =  11,382)

Social activity

No 3,780 (45.2%) 5,468 (48%)

Yes 4,590 (54.8%) 5,914 (52%)

Internet access

No 7,055 (84.3%) 10,042 (88.2%)

Yes 1,315 (15.7%) 1,340 (11.8%)

BADL

No 7,054 (84.3%) 8,610 (75.6%)

Yes 1,316 (15.7%) 2,772 (24.4%)

IADL

No 6,639 (79.3%) 7,799 (68.5%)

Yes 1731 (20.7%) 3,583 (31.5%)

Self report

Very good 1,269 (15.2%) 1,139 (10%)

Good 1,232 (14.7%) 1,297 (11.4%)

Fair 4,179 (49.9%) 5,419 (47.6%)

Poor 1,325 (15.8%) 2,715 (23.9%)

Very poor 365 (4.4%) 812 (7.1%)

Asset

≤3,000 Yuan 3,267 (39%) 4,938 (43.4%)

≤8,000 Yuan 1,482 (17.7%) 1968 (17.3%)

>8,000 Yuan 3,621 (43.3%) 4,476 (39.3%)

FIGURE 1

Feature selection using Elastic Net.
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factors for diseases, which can support medical decision-making 
(25). It is important to note that the complexity of the network 
increases as more variables are included in BNs construction; 
therefore, BNs should be constructed based on both Elastic Net. 

In this study, we employed BNs with Tabu-search algorithm to 
explore factors associated with HAH. The findings of this study 
shed light on the factors associated with heart attack complicated 
with hypertension (HAH) from a clinical standpoint. The results 

FIGURE 2

Bayesian networks for HAH and prior probability.

FIGURE 3

Bayesian networks for HAH for those aged > 75 years.
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revealed that several key factors directly influence the 
occurrence of HAH.

Firstly, age emerged as a key determinant directly related to HAH, 
confirming the progressive vulnerability of the older adult to 

cardiovascular disease (26). Older adults are more vulnerable to lifestyle 
and environmental changes, which may contribute to the onset of 
hypertension and subsequently increase the risk of developing HAH. In 
addition, age affects various body systems that directly influence HAH, 

FIGURE 4

Bayesian networks for HAH for those aged > 75 years with light physical activity.

FIGURE 5

Bayesian networks for HAH for those aged > 75 years with light physical activity and with a sleep duration of 6 to 7 hours.
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including vascular function and metabolic regulation (27, 28). This 
finding highlights not only the need for age-specific monitoring, but 
also the need for tailored interventions for this high-risk group.

The impact of lifestyle choices, particularly sleep duration and 
physical activity, on cardiovascular health is widely recognized. Sleep 
duration was found to have a direct association with HAH (29). Lack of 
sleep or poor quality sleep disrupts hormonal balance and increases the 
risk of high blood pressure and heart disease (30). Sleep deprivation 
triggers overactivity of the sympathetic nervous system, leading to 
increased blood pressure and cardiovascular stress (31). Besides, sleep 
deprivation can lead to weight gain, further increasing the risk of 
cardiovascular disease (32). Optimal sleep duration and quality of sleep 
play a crucial role in maintaining cardiovascular health and reducing 
the risk of hypertension. Healthcare providers can use this information 
to emphasize the significance of healthy sleep habits and address sleep-
related issues in patients with HAH. Furthermore, the level of physical 
activity was identified as another direct factor related to HAH (33). 
Regular physical activity has well-established cardiovascular benefits. 
Adequate physical activity helps lower blood pressure, improves blood 
circulation, and enhances the endurance of the heart muscle, all of 
which help reduce the risk of hypertension (34, 35). Conversely, lack of 
physical activity can lead to decreased vascular function and myocardial 
weakness (36, 37), which can increase the risk of HAH. These findings 
are consistent with previous studies and highlight the importance of 
these modifiable factors in shaping cardiovascular outcomes. By 
weaving these results into existing discourse, we  can enhance the 
applicability of our findings in informing personalized interventions.

Additionally, self-report on health demonstrated a direct association 
with HAH. Those who perceive themselves to be in poor health may 
be experiencing underlying physiological problems that can increase the 

risk of developing hypertensive disorders. Also, psychological distress 
and poor mental health activate the body’s stress response mechanisms, 
which may lead to increased blood pressure and cardiovascular strain 
(38). This relationship emphasizes the importance of considering 
psychological factors when assessing cardiovascular risk. Addressing a 
patient’s mental health and well-being can help manage the risk of HAH 
by reducing stress-induced physiological responses (39). This finding 
highlights the significance of individuals’ perception of their own health 
status in relation to HAH.

Moreover, educational levels (9) and instrumental activities of 
daily living (IADL) were found to have indirect connections to HAH 
through physical activity. Education and IADL can enable individuals 
to make informed choices about their lifestyles (10, 40), including 
participation in activities that contribute to cardiovascular health. In 
addition, individuals with higher education may have greater access 
to resources and information related to physical activity. Education 
level indirectly affects the risk of HAH by influencing the likelihood 
that an individual will engage in regular physical activity. Clinicians 
can consider educational levels as an additional factor when assessing 
an individual’s cardiovascular risk profile.

Lastly, IADL and BADL were found to have indirect connections 
to HAH through self-report on health. IADL and BADL cover an 
individual’s ability to perform everyday tasks that reflect their overall 
physical health. This, in turn, affects how they perceive their health. 
Impaired functional capacity can lead to reduced quality of life and 
increased stress, both of which contribute to an increased risk of 
cardiovascular disease, including hypertension (41, 42). This implies 
that individuals’ functional abilities and their perception of health 
status interact to influence the risk of HAH. Healthcare professionals 
should assess both functional abilities and self-reported health status 

FIGURE 6

Bayesian networks for HAH for those aged > 75 years with light physical activity, with a sleep duration of 6 to 7 hours and with very poor self report on 
health.
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in patients with HAH to provide comprehensive care and 
interventions. Overall, these indirect relationships highlight the 
multifaceted nature of cardiovascular risk factors. They emphasize the 
importance of considering not only physiological factors, but also 
mental health, socioeconomic determinants and functional capacity 
when assessing HAH risk. This holistic assessment allows healthcare 
professionals to develop tailored interventions that address the 
underlying mechanisms contributing to HAH risk and ultimately 
improve patient prognosis.

This study has several limitations that should be  taken into 
consideration when interpreting the findings. Firstly, as a cross-
sectional study, it cannot establish a causal relationship between HAH 
and its risk factors, but only a correlation. Secondly, the data was 
collected through self-report questionnaires, which may have resulted 
in an underestimation of the prevalence of HAH, particularly among 
older people and those with lower socioeconomic and educational 
backgrounds. Additionally, there may be other variables that were not 
included in this study. To further enrich our understanding, future 
studies should consider incorporating environmental variables and 
exploring the interactions between mental health and HAH. By 
expanding our study to these dimensions, we  can gain a more 
comprehensive understanding of the multifaceted nature of 
HAH. Lastly, we did not perform a hierarchical regression model or 
mediation analysis, which is also an area for future research.

In conclusion, our study demonstrates that BNs, combined with 
Tabu-search algorithms, is a promising method for identifying risk 
factors for HAH. This approach could provide valuable insights for 
clinical practice and medical research. We  recommend regular 
monitoring of chronic diseases to lower the occurrence of HAH and 
prevent its related diseases.
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Background: The rapid population aging in China, characterized by a higher 
prevalence of illnesses, earlier onset of diseases, and longer durations of living with 
ailments, substantially engenders challenges within the domain of older adults’ 
healthcare. Community home-based elderly care services (CHECS) are a feasible 
solution to solve the problem of older adults’ care and protect older adults’ health. The 
aim of this study is to investigate the relationship, heterogeneity effects and influential 
mechanisms between older adults’ use of CHECS and their self- reported health.

Methods: The study employs the Instrumental Variable technique and empirically 
investigates the relationship, heterogeneity effects and influential mechanisms 
between older adults using CHECS and their self-reported health using data from 
the China Longitudinal Aging Social Survey from 2018.

Results: The findings indicate, firstly, that using CHECS considerably improves 
older adults’ self-reported health. Secondly, the heterogeneity test reveals that 
the effect is more pronounced for older adults who are under the age of 80, 
have functional disabilities, are free of chronic diseases, have never attended 
school, reside in lower-income households, are single, rarely interact with their 
children, and live in central urban or city/county regions. Thirdly, the mechanism 
test reveals that the “social network effect” and “family care effect” are the key 
influence channels of using CHECS.

Conclusion: An empirical foundation for the policy reform of community home-
based care for seniors is provided by this study with the limitations to discuss 
the other socioeconomic aspects such as government health expenditure and 
discuss the specific services aspects such as health care. The findings carry 
substantial implications for improving the health of older individuals and provide 
suggestions for establishing a socialized aged care system in China.

KEYWORDS

community home-based elderly care services, older adult’s health, public health, 
influential mechanisms analysis, 2SLS

1. Introduction

Ageing has become an unavoidable trend in the world due to rising life expectancy and a 
declining birth rate (1), hence older adults’ care and older adults’ health are growing global 
problems. The world’s greatest old population and fastest aging population is in China. China 
had 20.56 million elderly people aged 65 and older by the end of 2021, making up 14.2% of the 
nation’s overall population (2) and 26.84% of the world’s elderly population (3).

But China’s system for long-term care is in serious trouble. On the one hand, the amount of 
family care for older adults is declining due to the rapid changes in population structure and the 
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social economy, which indicates that the traditional model of eldercare 
has not been able to adequately satisfy the expanding demands of 
older adults (4, 5). On the other hand, there is still a sizable disparity 
between the supply and demand of elderly care services in the official 
elderly care market (6). As a result, the Chinese government has been 
looking at ways to create a system of social old care services that is 
effective and sustainable in recent years.

Community is the basic unit of social governance (7). The “aging-in-
place” preference of older individuals can be satisfied using a community 
home-based elderly care model, which also successfully relieves the stress 
of family elder care, lowers the cost of long-term care, and lessens the 
financial load on the government (8). Community home-based elderly 
care services (CHECS) have become more significant in the social aged 
care service system in recent years. On the document, “Outline of the 
14th Five-Year Plan (2021–2025) for National Economic and Social 
Development and Vision 2035 of the People’s Republic of China” 
proposed to “improve the network of community-based, at-home elderly 
care services,” and “support idle resources for community-embedded 
elderly care” (9). In practice, from 2016 to 2020, the central lottery public 
welfare fund invested 5 billion yuan to carry out pilot reform of 
community home-based elderly care services in batches (10).

Uncertainty persists on whether using CHECS improves health 
outcomes for the elderly population. On the one hand, a substantial body 
of evidence demonstrates that CHECS can enhance older health by 
fostering a sense of community and maintaining social networks through 
aging-in-place (11–13). On the other hand, compared to nursing home 
care, there is often less control of the quality and quantity of home-based 
care (14, 15). Additionally, low-quality CHECS may increase elderly 
patients’ medical problems and depression (16). Therefore, it is necessary 
to accurately estimate the impact of using CHECS on the health of older 
adults, identify its heterogeneous effect in different populations, and 
analyze the influence mechanism. This is of great significance to evaluate 
the effect of the current CHECS, promote the realization of active aging, 
and improve the “elderly care service system based on the home, 
supported by the community, supplemented by institutions, and 
combining medical care with elderly care”.

Previous research examined at CHECS’s impact on older adults’ 
health from a variety of angles. Three or more things need to 
be  improved (17). In terms of research techniques, the first is. To 
address the endogeneity issues brought on by sample self-selection, 
the propensity score matching method was adopted in the majority of 
earlier investigations (17). However, it is challenging to apply this 
approach to address the endogeneity issues brought on by missing 
variables and reverse causality. The second consideration is from the 
perspective of the research. The majority of studies solely looked at 
how the perceived availability of CHECS affected older adults’ health. 
Therefore, it is essentially unknown how using these services may 
affect older adults’ health. The third aspect is in terms of research 
content. We examined the possible heterogeneous effects of using 
CHECS from multiple perspectives. In addition, we also empirically 
examine the possible influencing mechanism. Existing literature 
points out that the development of CHECS can not only provide older 
adults with more ways to meet the basic needs of daily life and better 
care services, but also significantly reduce the pressure of care within 
the family (18). So, using CHECS not only helps to prevent older 
adults from falling into social isolation, and improve their sense of 
self-efficacy (19, 20), but also helps to improve the physical and mental 
health of caregivers, reduce the frequency of negative manifestations 

such as impatience and elder abuse, and improve the quality of 
caregivers’ care for older adults (21, 22).

This work develops a 2SLS model and uses “the perceived rate of 
CHECS at community level” and “except for individuals, the 
utilization rate of CHECS at community level” as instrumental 
variables based on data from the China Longitudinal Aging Social 
Survey (CLASS) in 2018. The goal of this work is to investigate the 
impact of using CHECS on the self-reported health of Chinese older 
adults. Additionally, we conducted an empirical analysis of the impact 
of using CHECS on the respondents’ self-reported health in various 
groups, taking into account the respondents’ age, physical limitations, 
chronic illnesses, education, per capita household income, living 
arrangements, emotional support from their families, and living 
region (community location). The results are helpful for expanding 
CHECS’s area of study on the health of Chinese older people. We seek 
to more fully grasp the impact of the current CHECS and offer a 
crucial practical guide to further optimize CHECS supply, illuminating 
the execution of future policies on the growth of CHECS in China.

2. Materials and methods

2.1. Data

The cross-sectional data from the China Longitudinal Aging 
Social Survey (CLASS), conducted in 2018 by the National Survey 
Research Center at Renmin University of China (NSRC), served as the 
basis for this study’s analysis. A nationally representative sample of 
adults over 60 was chosen for the survey using a stratified, multi-stage, 
probabilistic sampling technique. Within this methodology, a 
nationally representative sample of 11,419 participants was selected 
from 28 provinces, excluding Hong Kong, Taiwan, Macau, Hainan, 
Xinjiang, and Tibet. Highly trained interviewers conducted face-to-
face interviews to systematically and comprehensively collect 
information pertaining to the essential attributes, physical and mental 
well-being, lifestyle choices, intergenerational relationships, long-term 
care service necessities, and social support resources of older 
participants. The CLASS dataset for 2018 consisted of a total of 809 
variables. The survey’s primary objectives were to assess the basic 
conditions, current situation, personality and emotional traits, 
lifestyle, activities of daily living (ADL), instrumental activities of daily 
living (IADL), personal background, family structure, and level of 
physical health of older adults. For this study’s data, a survey 
conducted in 2018 questioned about the availability of community 
home-based elderly care services (CHECS) and how often older adults 
used them. The total number of valid samples was 9,654 after 
accounting for unreachable and missing values for important 
variables. Throughout the entire interviewing process, participants 
remained anonymous and voluntary.

2.2. Variable

2.2.1. Dependent variable
The question, “In overall, how do you rate your health?” is posed 

to CLASS respondents. The following categories of responses are 
possible: very good, good, fair, poor, and very poor. To create indicator 
variables for very good or good health, we recode this variable.
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2.2.2. Independent variables
CLASS respondents are asked, “Whether you have used the social 

services provided by the community.” CHECS includes door-to-door 
visit, senior citizen service hotline, visiting the doctor, daily shopping, 
providing legal aid, daily care, deliver meals to older adults, day 
activity center and spiritual comfort. The possible response categories 
are “yes” and “no.” If all the services were not utilized, independent 
variables “UCHECS” were assigned a value of 0.

2.2.3. Instrumental variable
The self-reported health of older adults may be  affected by 

unobserved factors, such as the price and quality of CHECS (23), 
which may relate to the use of CHECS by older adults (24). In 
addition, a possible reverse causation between CHECS utilization and 
self-reported health: older people with poorer health are more likely 
to use CHECS (25). The OLS model exhibits significant endogeneity 
as a result of these issues. Therefore, to find the true causal effects, 
we employed IV estimation. We used “the perceived rate of CHECS at 
community level” (CP_CHECS) and “except for individuals, the 
utilization rate of CHECS at community level (CU_CHECS)” as 
instrumental variables. CP_CHECS was measured by the percentage 
of older people in the community who knew that the community 
provides CHECS. CU_CHECS was measured by excepting for 
individuals, the percentage of older people in the community who 
used CHECS. These two variables meet two fundamental criteria for 
being used as instrumental variables. First, as mentioned in Bakeera 
et al. (26) and peer effects, CP_CHECS and CU_CHECS have an 
important influence on the usage of CHECS by older adults. Second, 
the characteristics of CHECS at the community level do not correlate 
with the hidden variables influencing older individuals’ self-reported 
health. Only its impact on the usage of CHECS can have an impact on 
the self-reported health of older adults.

2.2.4. Control variables
In order to apply controls on the impact of other factors on self-

reported health of older people, we introduced 17 variables at the 
individual, family, and community levels.

Four different types of control variables were established at an 
individual level, including physical health levels, socioeconomic 
status, natural features, and health behaviors. Age, the logarithm of 
each person’s annual wage, and the number of cohabitants are all 
examples of continuous variables. All of the following dichotomous 
variables have values of 1 for females and 0 for males, 1 for 
non-agricultural and 0 for agricultural, 1 for being married and 0 for 
everyone else, 1 for having commercial insurance or social security 
and 0 for not, and 1 for having chronic illness and 0 for not. 
Additionally, gender, household registration, marital status, whether 
or not one smokes, whether or not one has chronic illness, and 
whether or not one is married are all dichotomous variables. 
Education is coded as dummy variables out of four categories: never 
received education (omitted group), primary school, junior high 
school, senior high school or above. Daily activities include 2 different 
activity types – ADL and IADL, which is coded as dummy variables 
out of four categories: limitations in neither ADL nor IADL (omitted 
group), limitations in ADL, limitations in IADL, limitations in both 
ADL and IADL. ADL including “dressing, bathing, eating, walking 
indoors, going to the toilet, and bowel control,” IADL including “going 
up and down stairs, walking outdoors, using transportation, shopping, 
managing finance, carrying goods, preparing meals, and 

housecleaning.” In the CLASS questionnaire, interviewees were asked 
whether they could independently complete 6 ADL and 8 IADL, if any 
one of the activities cannot be completed independently, we identified 
the respondents as ADL/IADL limited.

In terms of family level, we introduced four characteristics: per 
capita household income, number of surviving children, family 
financial support, and family emotional support. The logarithm of per 
capita household income and number of surviving children are 
continuous variables. In the CLASS questionnaire, for every surviving 
child, the interviewee was asked “How much cash, food, or gifts did 
this child give you in the past year?” and “How often did you meet up 
with this child in the past year.” Based on the first question, 
we constructed the variable “family financial support.” If any one of 
the children gave cash, food, or gifts to the respondent, we assigned 
the value of 1, otherwise, the variable “family financial support” was 
assigned a value of 0. Based on the second question, we constructed 
the variable “family emotional support.” If the respondents saw any of 
their children at least once a month, then the family was considered 
to provide emotional support and was assigned a value of 1. Otherwise, 
it was assigned a value of 0.

Finally, we  also introduced two community characteristics: 
whether having senior centers and other facilities in community, and 
community location. In the CLASS questionnaire, respondents were 
asked “Does your community have any of the following activities or 
facilities.” The possible response categories are: senior citizens activity 
center, fitness centers/facilities, chess room, reading room, outdoor 
playgrounds, other else, and none of the above. If the respondent 
answered “none of the above,” then the community was considered 
not to provide activity place or facility for older adults and was 
assigned a value of 0. Otherwise, it was assigned a value of 1. The 
variable “community location” was constructed based on the question 
“Which type of area respondents live in?.” If the community was in the 
central urban region of city/county, the variable “community location” 
was assigned a value of 1. Otherwise, it was assigned a value of 0.

2.2.5. Mechanism variables
We examined the mechanisms from two perspectives: family care 

and social networks. Social isolation and self-efficacy are the two 
factors used in this study to measure the social network. In order to 
quantify social isolation on a multidimensional level, this work 
chooses three indicators: emotional support, social adaptability, and 
perception of the social environment. Based on the inquiry, “Have 
you felt unaccompanied for the past week?” we created the variable 
“emotional support.” Older adults were regarded to be  receiving 
emotional support if the respondents said “no,” and a value of 1 was 
assigned. If the respondent answered “sometimes” or “often,” it was 
assigned a value of 0. We constructed the variable “social adaptation” 
based on the question “Society is changing so fast that it is difficult for 
me to adapt to the change.” If the respondents answered “fully 
disagree” or “relatively disagree” or “between relatively disagree and 
relatively agree,” then the older adult was considered more likely to 
adapt to the current social changes and was assigned a value of 1. If 
the respondents answered “relatively agree” or “fully agree,” it was 
assigned a value of 0. We constructed the variable “social environment 
perception” based on the question “Current social changes are more 
and more detrimental to older people.” If the respondents answered 
“fully disagree” or “relatively disagree” or “between relatively disagree 
and relatively agree,” then the older adult was considered more likely 
to believe that changes in the current social environment are not 

86

https://doi.org/10.3389/fpubh.2023.1257463
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


He et al. 10.3389/fpubh.2023.1257463

Frontiers in Public Health 04 frontiersin.org

disadvantageous to older adults and was assigned a value of 1. If the 
respondents answered “relatively agree” or “fully agree,” it was assigned 
a value of 0. For self-efficacy, based on the question “Have you felt 
useless in the past week?.” It was assigned a value of 1 for the 
respondents who answered “no,” and 0 for the respondents who 
answered “sometimes” or “often.” This work measures family care 
according to the question “Whether you feel this child does not care 
enough for you?,” CLASS asked this question to respondents about 
each surviving child. If one of the children answered “occasionally,” 
“sometimes” or “often,” the family was considered to have provided 
enough care for older adults. Otherwise, it was assigned a value of 0.

2.2.6. Descriptive statistics
Table 1 shows the descriptive statistics of the main variables. The 

mean value of self-reported health among the survey older adults was 
0.432. This indicates that 43.2% of older people think they are in good 
physical health. In addition, we also found that for older adults, there 
was a significant gap between the use of CHECS and the perception 
of CHECS: 21.61% of older adults knew that the community provided 
elderly care services, but only 10.05% of older adults used them. 
Therefore, the actual coverage rate and effective utilization rate of 
CHECS are at a low level. 86.97% of Chinese older adults received 
financial support from their children, this demonstrates that family 
elderly care is still an important way of aging for older adults in China.

2.3. Empirical models

In order to test the impact of using CHECS on older adults health, 
the following benchmark regression model is constructed:

 SRHic ic ic= + + +α α α µ0 1 2UCHECS Xic  (1)

where the subscript i represents the individual code, subscript c 
represents the community code. SRH represents the dependent 
variable indicating the self-reported health of respondent i who lives 
in community c. UCHECS indicates whether individual i living in 
community c used CHECS. Xic indicates other demographic control 
variables and social environmental variables that may affect 
individual health.

In the OLS model, the key coefficient α1 may be biased, because 
the error term μic may contain unobserved factors related to CHECS 
utilization and resident self-reported health, and a possible reverse 
causation between CHECS utilization and self-reported health (27).

To address this endogeneity problem, we referred to Lin et al. (28), 
which used aggregation data at higher levels as instrumental variables 
of independent variables at lower levels. and constructed a two-stage 
least-squares (2SLS) model with “the perceived rate of CHECS at the 
community level” and “the utilization rate of CHECS at the 
community level (except for individuals)” as instrumental variables. 
Equations 2, 3 represent first-stage and second-stage regressions, 
respectively.

 
UCHECS CHECS CHECS

²

ic c c
ic

CP CU
w

= + +
+ +
β β β0 1 2

3

_ _

Xic  (2)

 SRHic ic ic= + + +γ γ γ ε0 1 2UCHECS
 Xic  (3)

where CP_CHECS indexes the percentage of older people in 
community c who knew that the community provides CHECS. CU_
CHECS indexes except for individuals, the percentage of older 
people in community c who using CHECS. UCHÊCSic is the fitted 
value of in the first-stage regression. wic and εic are the error terms. Xic 
is defined in the same way as in Equation 1. The IV (2SLS) estimators 
of coefficients β1 and β2 capture the causal effects of UCHECSic on 
SRHic, and are the central interest of our research.

3. Results

3.1. Baseline model regression

The baseline model regression results are shown in Table 2. The 
results in Columns (1) and (2) show that there is a strong association 
between CHECS and resident self-reported health in our sample. 
Further, the columns (3) and (4) results show that 2SLS estimations 
are identical to this, except the coefficient grows and the significance 
level declines. In our preferred specification in Column (4), older 
adults using CHECS increased the probability of assessing their 
health as good or very good by 16.1 percentage points. The coefficients 
of “The perceived rate of CHECS” and “Except for individuals, the 
utilization rate of CHECS” are significant at least at the 10% level in 
first-stage regression, and the Kleibergen-Paap rk Wald F-statistic is 
much larger than its critical value, which can exclude the possibility 
of weak IVs; the Hansen J-test p-value is greater than 0.1, which 
indicates that the null hypotheses cannot be rejected. That provides 
suggestive evidence that the variables are valid instruments (29). 
Comparatively, we  discovered that the OLS estimates are in fact 
biased and that putative endogeneity tends to underestimate the 
beneficial effects of CHECS use on self-reported health. This finding 
suggests that the OLS model leaves out some unobserved 
characteristics, like family members’ health, which is inversely 
associated to the usage of CHECS and positively related to self-
reported health.

3.2. Robustness test

The above analysis confirms that CHECS had a significant positive 
impact on the self-reported health of Chinese older population. To 
verify the reliability of this conclusion, we  conducted a series of 
robustness tests. The results are shown in Table 3.

Firstly, excluding possible outliers. The instrumental variables 
used in this paper are constructed at the community level, so too small 
sample size in the community may produce biased estimators. In 
order to solve this problem, we will exclude communities with sample 
sizes of less than 5 and 10. The result is quite close to that of our 
baseline regression.

Secondly, change the dependent variable. Another potential 
concern is the omitted variable bias. In order to solve this problem, 
we  will use “compared to the last year, whether the health has 
improved” as the new dependent variable. The direction of the 
estimated coefficient is the same as that of the baseline regression.
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3.3. Heterogeneity analysis

Due to the various individual features and care requirements, 
the demand for CHECS varies greatly for older adults at the period 
of life decline. Furthermore, the development of CHECS in China 
differs significantly between urban and rural locations. Daily life 
support, medical care, and health services are more readily available 
in urban areas where the CHECS system is more complete (30). In 
order to determine whether the projected impact varied with the 
respondents’ age, physical limitations, chronic illnesses, education, 
per capita household income, housing arrangements, family 
emotional support, and living region (community location), 

we conducted eight sets of stratified analyses. Table 4 provides a 
summary of the findings.

The results in Panel A and Panel B show that the impact was more 
evident for people aged 80 or above and people with ADL or IADL 
difficulties. This may be due to the fact that people who are older and 
have limited physical abilities usually have poorer physical function, 
and the informal care has not been able to address significantly the 
needs of them (31). Therefore, they have a greater need for CHECS to 
meet their basic needs (32).

We can see from Panel C that using CHECS had a significantly 
stronger impact on the self-reported health of people without 
chronic illness. Older adults with chronic illness are more likely to 

TABLE 1 Descriptive statistics.

Variables’ 
categorization

Variable Mean SD Min Max

Dependent variables Self-reported health 0.432 0.495 0 1

Independent variables UCHECS 0.100 0.301 0 1

Instrumental variable CP_CHECS 0.216 0.280 0 1

CU_CHECS 0.101 0.173 0 1

Mechanism variables Emotional support 0.491 0.500 0 1

Social adaptation 0.699 0.459 0 1

Social environment perception 0.730 0.444 0 1

Self-efficacy 0.443 0.497 0 1

Family care 0.809 0.393 0 1

Individual level variables Gender 0.496 0.500 0 1

Age 71.813 7.290 62 108

Household registration 0.466 0.499 0 1

Marital status 0.685 0.465 0 1

Never received education 0.273 0.446 0 1

Primary school 0.410 0.492 0 1

Junior high school 0.230 0.421 0 1

High school or above 0.087 0.282 0 1

Number of cohabitants 1.614 1.230 0 7

Ln (individual annual income) 9193.771 12531.690 100 60000

Whether having commercial insurance or social security 0.748 0.434 0 1

Whether smoking 0.285 0.452 0 1

Daily activities: limitations in neither ADL nor IADL 0.721 0.448 0 1

Daily activities: limitations in ADL 0.191 0.393 0 1

Daily activities: limitations in IADL 0.014 0.116 0 1

Daily activities: limitations in both ADL and IADL 0.074 0.263 0 1

Whether having chronic illness 0.723 0.448 0 1

Family level variables Ln (per capita household income) 11677.990 11161.200 333.3333 55000

Number of surviving children 2.644 1.369 1 10

Family financial support 0.870 0.337 0 1

Family emotional support 0.850 0.357 0 1

Community level variables Whether having senior centers and other facilities in 

community

0.666 0.472 0 1

Community location 0.366 0.482 0 1

Authors’ own calculations.
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TABLE 2 Baseline model regression results.

OLS OLS 2SLS 2SLS

(1) (2) (3) (4)

Panel A:2SLS results

  UCHECS 0.036** (0.017) 0.081*** (0.030) 0.156** (0.067) 0.161** (0.074)

  Gender −0.034** (0.014) −0.033** (0.014)

  Age −0.003*** (0.001) −0.003*** (0.001)

  Household registration −0.063*** (0.022) −0.064*** (0.022)

  Marital status 0.006 (0.014) 0.005 (0.014)

  Education: primary school −0.036** (0.018) −0.034* (0.018)

  Education: junior high school 0.005 (0.022) 0.007 (0.022)

  Education: high school or above 0.083*** (0.028) 0.084*** (0.028)

  Number of cohabitants −0.004 (0.008) −0.003 (0.008)

  Ln (individual annual income) 0.030*** (0.009) 0.031*** (0.009)

  Whether having commercial insurance or social security 0.036 (0.022) 0.035 (0.022)

  Whether smoking −0.021 (0.018) −0.020 (0.018)

Daily activities: limitations in ADL −0.161*** (0.018) −0.167*** (0.018)

  Daily activities: limitations in IADL −0.142*** (0.051) −0.147*** (0.051)

  Daily activities: limitations in both ADL and IADL −0.293*** (0.025) −0.305*** (0.025)

  Whether having chronic illness −0.202*** (0.019) −0.203*** (0.019)

  Ln (per capita household annually income) 0.005 (0.010) 0.004 (0.010)

  Number of surviving children −0.008 (0.006) −0.007 (0.006)

  Family financial support −0.030 (0.024) −0.029 (0.024)

  Family emotional support 0.043* (0.022) 0.041* (0.022)

  Whether having senior centers and other facilities in community 0.055** (0.022) 0.050** (0.022)

  Community location −0.055** (0.025) −0.056** (0.025)

Panel B: First-stage results

 CP_CHECS 0.083*** (0.010) 0.039** (0.015)

 CU_CHECS 0.801*** (0.021) 0.859*** (0.032)

  1st Kleibergen-Paap rk Wald F statistic 1932.601 566.867

  Hansen J-test p-value 0.896 0.428

  Observations 9,654 6,786 9,652 6,785

***Significant at the 1% level; **Significant at the 5% level; *Significant at the 10% level. Robust Standard errors are reported in parentheses in columns (1) and (3); Standard errors clustered 
at the community level are reported in parentheses in columns (2) and (4).

TABLE 3 Robustness tests.

Excluding communities 
with sample sizes of Less 

than 5

Excluding communities 
with sample sizes of less 

than 10

Using "compared with 
last year, whether the 

health has improved" as 
dependent variable

(1) (2) (3)

UCHECS 0.160** (0.074) 0.160** (0.074) 0.045* (0.025)

Control variables Yes Yes Yes

1st Kleibergen-Paap rk Wald F statistic 565.821 558.956 577.167

Hansen J-test p-value 0.435 0.420 0.389

Observations 6,777 6,762 6,771

**Significant at the 5% level; *Significant at the 10% level. Standard errors clustered at the community level are reported in parentheses. We included all control variables in column 4 of 
Table 2.
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TABLE 4 Heterogeneity analysis.

(1) (2)

People aged under 80 People aged 80 or above

Panel A: regression of subsamples by age

UCHECS 0.121 (0.075) 0.354*** (0.122)

1st Kleibergen-Paap rk Wald F statistic 441.076 54.131

Hansen J-test p-value 0.226 0.098

Observations 5,707 1,078

People without physical limitations People with physical limitations

Panel B: regression of subsamples by physical limitation

UCHECS 0.078 (0.079) 0.280*** (0.081)

1st Kleibergen-Paap rk Wald F statistic 258.608 235.396

Hansen J-test p-value 0.316 0.669

Observations 5,151 1,634

People without chronic illness People with chronic illness

Panel C: regression of subsamples by chronic illness

UCHECS 0.346** (0.155) 0.120 (0.074)

1st Kleibergen-Paap rk Wald F statistic 48.623 560.674

Hansen J-test p-value 0.605 0.463

Observations 1,689 5,096

Never received education Primary school and above

Panel D: Regression of subsamples by education

UCHECS 0.398*** (0.086) 0.077 (0.075)

1st Kleibergen-Paap rk Wald F statistic 128.886 336.124

Hansen J-test p-value 0.118 0.181

Observations 1,641 5,144

Per capita household income above 
average

Per capita household income less 
than or equal to average

Panel E: regression of subsamples by per capita household income

UCHECS 0.018 (0.093) 0.246*** (0.083)

1st Kleibergen-Paap rk Wald F statistic 183.096 321.893

Hansen J-test p-value 0.294 0.654

Observations 2,829 3,956

Living with other peoples Living alone

Panel F: regression of subsamples by living arrangements

UCHECS 0.143* (0.074) 0.270** (0.120)

1st Kleibergen-Paap rk Wald F statistic 476.816 61.675

Hansen J-test p-value 0.361 0.811

Observations 6,002 783

Meeting with children every month Meeting with children not every 
month

Panel G: regression of subsamples by family emotional support

UCHECS 0.141* (0.072) 0.277** (0.130)

(Continued)
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TABLE 4 (Continued)

Meeting with children every month Meeting with children not every 
month

1st Kleibergen-Paap rk Wald F statistic 440.683 48.574

Hansen J-test p-value 0.196 0.122

Observations 5,903 882

The central urban region of city/
county

Other regions

Panel H: regression of subsamples by community location

UCHECS 0.192** (0.086) 0.126 (0.101)

1st Kleibergen-Paap rk Wald F statistic 338.273 274.302

Hansen J-test p-value 0.459 0.492

Observations 2,643 4,142

***Significant at the 1% level; **Significant at the 5% level; *Significant at the 10% level. Standard errors clustered at the community level are reported in parentheses. We included all control 
variables in column 4 of Table 2.

TABLE 5 Mechanism analysis.

Social network effect
Family care 

effect

Emotional 
support

Social 
adaptation

Social environment 
perception

Self-efficacy Family care

(1) (2) (3) (4) (5)

UCHECS 0.175*** (0.066) 0.084* (0.049) 0.142* (0.074) 0.155** (0.072) 0.092* (0.051)

1st Kleibergen-Paap rk Wald F statistic 480.086 580.098 553.489 542.140 583.670

Hansen J-test p-value 0.188 0.688 0.357 0.629 0.921

Observations 6,382 6,389 6,416 6,531 6,637

***Significant at the 1% level; **Significant at the 5% level; *Significant at the 10% level. Standard errors clustered at the community level are reported in parentheses. We included all control 
variables in column 4 of Table 2.

require medical care services and have higher requirements for 
medical skills and improvisational abilities for service personnel. 
However, in China, CHECS suffer from lack of qualified LTC 
professionals, limited service/low service quality, and unrealized 
integrated care (33).

We can see in Panel D and Panel E that using CHECS had a more 
positive impact on the self-reported health of people who have never 
received education and from low-income families. This may 
be because these older people are more likely to be in a disadvantaged 
position and have lower requirements for their life quality and elderly 
care services (34).

We can see according to Panel F and Panel G that for Chinese 
older adults living alone and having less family emotional support, the 
greater positive effect of using CHECS on their self-reported health. 
This may be due to the fact that people who live alone or do not have 
frequent contact with their children need more formal care from the 
society to meet daily life needs, and need more external companionship 
to fulfill emotional needs (35).

Panel H shows the estimated coefficient is higher in the central 
urban region of city/county regions than other regions, because the 
economic strength of the region and the government’s financial 
resources caused by the urban and rural two-dimensional structure 
lead to a lower level of infrastructure of social support and services for 
older adults in rural regions (36).

3.4. Influential mechanisms

The aforementioned findings show that using CHECS had a 
considerable impact on the elderly Chinese people’s self-reported 
health. The putative processes are further examined in this part from 
the viewpoints of the “social network effect” and the “family care 
effect.” We estimate the subsequent model:

 M m mUCHECS m Xic ic ic ic= + + +0 1 2 ϑ  (4)

where Mic represents the mechanism variables, namely, emotional 
support, social adaptation, social environment perception, self-
efficacy, and caring from children reported by respondent i who lives 
in community c. Among them, the first four variables are designed to 
test social network effects; the last variable is designed to test family 
care effect. ϑic is an error term. Other variables are defined in the same 
way as in Equation 1. The coefficient m1, which captures the causal 
effects of UCHECSic on Mic, is of central interest to our study.

Table 5 reports the mechanism analysis results. The estimated 
coefficients in Columns (1) – (5) are all positive significant at least at 
the 10% level. The results in Columns (1) – (3) show that if older 
adults use CHECS, they are more likely to feel accompanied, more 
likely to adapt to the current social changes, and more likely to believe 
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that changes in the current social environment are not disadvantageous 
to older adults, indicating that using CHECS can significantly reduce 
social isolation in older people (37). Column (4) demonstrates that 
using CHECS can significantly increase the likelihood of self – 
perceived usefulness to society. Column (5) provides evidence 
supporting using CHECS makes it easier for older adults to feel that 
their children care about them. Furthermore, according to existing 
research, less social isolation, more self-efficacy, and more caring from 
children can improve older people’s health (38, 39). In a word, our 
results show that using CHECS may indirectly influence residents’ 
self-reported health through social network effects and family 
care effect.

4. Discussion

Community-based home-based eldercare is a significant 
strategy to boost the efficiency of social care services in China 
against the backdrop of the decline in family care. One of the first 
comprehensive research to investigate the effect and mechanism 
of utilizing CHECS on the self-reported health of older persons is 
this one. Utilizing instrumental variables to address the 
endogeneity issue and a nationally representative sample, 
we  discovered that utilizing CHECS significantly improves the 
self-reported health of Chinese old people. To further support the 
fulfillment of Healthy Aging and Active Aging, we  advise the 
government to boost the supply of CHECS and enhance their 
spatial accessibility.

Based on the results of the heterogeneity analysis, using CHECS 
did not have a significant impact on the self-reported health of older 
adults who are aged under 80, without functional disabilities, had 
chronic diseases, had received education, and live in households with 
higher income levels. However, there was a significant positive effect 
for older people who are aged under 80, with functional disabilities, 
without chronic diseases, had not received education, and live in 
households with lower income levels. These results mean that the 
current CHECS can only meet the needs of older adults who have 
lower requirements for their life quality and long-term care, reflecting 
that the quantity and quality of elderly care services provided by the 
community are a little lower (32), and lacking of qualified health care 
professionals. Considering the fact that Chinese older people have 
more diversified demands and higher quality requirements for elderly 
care services (40), as well as older people have the problem of living 
with illness for a long time and 75% of Chinese older people aged 60 
or above suffer from at least one chronic disease (41, 42). We suggest 
the government should increase multi-level elderly care services supply 
and improve community service quality, especially health care services.

Additionally, we  found that using CHECS had a substantial 
influence on older adults who reside in the center urban sections of 
city/county regions, but not on those who reside elsewhere in terms 
of self-reported health. We  propose that more support be  given 
towards developing home and community care services in rural areas, 
thereby enhancing their general well-being, taking into account that 
nearly half of China’s older adults live in rural areas (43) and older 
adults in rural areas have a stronger demand for these services (40).

Besides the above conclusions, heterogeneity analysis results 
identified that the use of CHECS had a significantly positive effect on 
self-reported health of older adults living alone and living with others, 

often interacting with their children and seldom interacting with their 
children, and a more pronounced positive effect on older adults who 
lived alone, and seldom interacting with their children. These results 
showed that using CHECS can effectively mitigate the negative effects 
of empty-nest on the health of older adults.

Based on our findings, we made the case that using CHECS can 
indirectly affect the self-reported health of Chinese elderly citizens 
through the “social network effect” and “family care effect.” To be more 
precise, the “social network effect” referring to the use of CHECS 
makes older people more likely to feel accompanied, more likely to 
adapt to the current social changes, less likely to feel that the changes 
to their social environment were detrimental to them, and more likely 
to feel useful to society. The “family care effect” referring to the use of 
CHECS greatly increases the likelihood that older people believe their 
offspring have always cared about them, which suggests that utilizing 
CHECS significantly boosts older people’s chances of interacting with 
younger people (44).

5. Conclusion

Based on 2018 CLASS data, we empirically estimated the causal 
impact of using CHECS on the self-reported health of Chinese older 
adults. We constructed a 2SLS model and exploited “the perceived rate 
of CHECS at the community level” and “except for individuals, the 
utilization rate of CHECS at the community level” as instrumental 
variables, which effectively addresses the endogeneity problem. The 
results show that older adults using CHECS can significantly improve 
their self-reported health, especially among people who under the age 
of 80, with functional disabilities, without chronic diseases, have not 
received education, live in households with lower income levels, live 
alone, seldom interact with their children, and live in the central 
urban regions of city/county regions. Moreover, this paper examined 
the possible mechanism. The results show that older adults using 
CHECS through “social network effect” and “family care effect” to 
improve their self-reported health.

However, there are certain limitations in our study. Firstly, due to 
the limitations of cross-sectional data, we could not discuss the long-
term effect of using CHECS on the self-reported health of older adults. 
Secondly, although we have dealt with the endogeneity problems by 
using the 2SLS model, we have not distinguished the categories of 
CHECS. Different types of CHECS used by older adults may have 
different impacts on their health, this aspect can be further explored 
in the future.
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Is overall and timing-specific 
physical activity associated with 
depression in older adults?
Jiaren Chen 1, Ting-Fu Lai 2, Li-Jung Lin 1, Jong-Hwan Park 3* and 
Yung Liao 1*
1 Graduate Institute of Sport, Leisure and Hospitality Management, National Taiwan Normal University, 
Taipei, Taiwan, 2 Department of Health Promotion and Health Education, National Taiwan Normal 
University, Taipei, Taiwan, 3 Health Convergence Medicine Laboratory, Biomedical Research Institute, 
Pusan National University Hospital, Busan, Republic of Korea

Objective: Regarding the circadian rhythm regulating an individual’s response 
to external stimulation, it remains unclear whether older adults engaged in 
physical activity at different times of day may be differently related to depression 
symptoms. Thus, this study aimed to investigate the association between overall 
and timing-specific physical activity and depressive symptoms in older Taiwanese 
adults.

Methods: This cross-sectional study was conducted at a medical center in Taipei 
City, Taiwan, between September 2020 and December 2021. The participants 
were community-dwelling older adults aged ≥65 who could walk independently 
and were not at high risk of cognitive dysfunction. Physical activity was measured 
using a triaxial accelerometer (GT3X+, ActiGraph) and categorized into timing-
specific periods (morning: 06:01–12:00; afternoon: 12:01–18:00; evening: 
18:01–24:00) as well as overall physical activity, which included both light 
physical activity (LPA) and moderate-to-vigorous physical activity (MVPA). A 15-
item Geriatric Depression Scale was utilized to assess and measure depressive 
symptoms. Multivariate linear regression models were estimated for data analysis.

Results: A total of 180 older adults (55.0% female; 80.5  ±  7.1  years old; 18.3% at risk 
of depression) were included. On average, the participants spent 237.3 (± 85.7) 
minutes in LPA per day and 12.8 (± 17.0) minutes in MVPA per day. The results 
showed that overall MVPA engagement was associated with lower depressive-
symptom scores [B  =  −1.357, 95% CI (−2.561, −0.153)] in older adults. However, 
no significant associations were observed between overall LPA, timing-specific 
MVPA and LPA, and depression in older adults.

Conclusion: To prevent depression in older adults, it is advisable to accumulate 
a higher amount of MVPA throughout the entire day rather than engage in LPA. 
Further studies employing a prospective design are necessary to validate and 
strengthen our findings.

KEYWORDS

different proportions of physical activity, accelerometer, circadian rhythm, depression, 
mental health
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1. Introduction

Several nations worldwide are entering an aging society as a 
consequence of demographic changes. By 2050, it is anticipated that 
one in six individuals globally will be  aged 65 years or older. 
Additionally, it is projected that Taiwan will achieve the status of a 
super-aged society by 2025 (1). Consequently, there is an increasing 
number of health issues among the older population, including 
depression, which is listed by the World Health Organization as 
among the world’s three most prevalent diseases, along with heart 
disease and cancer (2). Additionally, depression is more prevalent in 
old age and could lead not only to higher mortality rates but also to an 
economic and medical burden on society (3). Therefore, there is an 
urgent need to develop effective strategies to prevent depression in 
older adults.

In recent years, a growing number of studies have confirmed the 
positive benefits of physical activity (PA) in the prevention of 
depression among older adults (4). PA has been recognized as the 
most fundamental chronobiological tool and a potential zeitgeber for 
the human circadian-rhythm system (5). Circadian rhythms play a 
crucial role in health, exerting significant effects on aging, longevity, 
and disease pathogenesis, and are dynamic over an individual’s 
lifespan (6, 7). These rhythms become increasingly disrupted as aging 
progresses, due to factors such as changes in the endocrine system and 
sleep patterns, causing a variety of negative health conditions (8). 
Conversely, different intensities and timing of PA stimuli can regulate 
a circadian rhythm and help maintain chronobiological homeostasis, 
regulate metabolism, prevent certain diseases, and ultimately improve 
physical health, including physical and mental aspects (9). Indeed, 
engaging in PA at different times of the day may alter metabolism and 
the circadian rhythm, thus changing different disease conditions in 
some cohorts (10). In recent studies, the health benefits of PA have 
been found to differ depending on whether the activity is performed 
in the morning, afternoon, or evening (11, 12). In addition, it is worth 
noting the inconsistent results regarding which time periods and PA 
intensities are optimal for preventing depression in older adults. For 
example, PA in the morning is beneficial to weight loss (13) and 
improves metabolism (14), while exercise in the afternoon or evening 
improves blood glucose (15). Nevertheless, regardless of timing, 
overall moderate-to-vigorous-intensity physical activity (MVPA) is 
related to favorable physical function (16) and lower risks of all-cause, 
cardiovascular-disease, and cancer mortality (17). In summary, most 
of these previous studies on the association between PA at different 
times and health focused on physical aspects (13–18); only one study 
was based on a population of older adults (16), while limited studies 
have objectively used PA measurements (16, 17). Using objective 
measurement (i.e., triaxial accelerometers), total and timing-specific 
PA and its intensity PA can be accurately captured throughout the day 
to avoid recall and social-desirability biases, especially in the older 
adult population (19–21).

Given that light and fresh air are possible mediators of the 
circadian rhythm, there may be synergistic effects. We hypothesized 
that engagement in MVPA during the morning and afternoon was 
negatively associated with older adults’ depressive-symptom scores. 
Therefore, this study focused on investigating the association between 
total or timing-specific PA and depression among community-
dwelling older adults in Taiwan.

2. Methods

2.1. Participants and study design

This cross-sectional study collected data from community-
dwelling older adults aged ≥65 years who could walk independently 
and were not at risk of cognitive dysfunction. Data were collected 
using convenience sampling from September 2020 to December 2021. 
Participants with chronic diseases such as cardiovascular disease and 
neurological issues were not excluded as the recruitment site was the 
Department of Geriatrics and Gerontology (DGG) at National Taiwan 
University (NTU) Hospital (NTUH). A doctor from the NTUH’s 
DGG outpatient department assessed whether the participants met 
the criteria and explained the study process. The sample participants 
provided written informed consent and were informed of the detailed 
implementation measures. The participants completed self-reported 
questionnaires on sociodemographic status, health status, and lifestyle 
behaviors. PA data were collected using a tri-accelerometer worn on 
the hip for 7 consecutive days. Valid data were defined as those 
collected from participants who wore the acceleration protocol for at 
least 10 h during waking hours on at least four valid days. Depression 
scores were calculated using the Chinese version of the 15-item 
Geriatric Depression Scale (GDS-15) (22). At the end of the study, the 
participants received a US$7 gift voucher as a token of our 
appreciation. This research received ethical approval from the 
Research Ethics Committee of the NTUH (REC number: 
202008046RINC). We recruited a total of 300 participants for the first 
phase of this study. The exclusion criteria were as follows: (1) 
participants with a high risk of cognitive dysfunction after screening 
by the Mini-Mental State Examination (MMSE) (n = 51); (2) 
participants who failed to complete the self-reported questionnaire 
(n = 36); and (3) the participants’ accelerometer data did not meet the 
valid-wear criterion, which was at least 4 valid days (including three 
weekdays and one weekend day) and at least 10 h/day (n = 33). After 
the data were screened, 180 participants were included in the final 
sample for the study.

2.2. Measures

2.2.1. Geriatric depressive symptoms
The GDS-15 was used to assess depressive symptoms in the 

older adults. This scale has been shown to have good validity and 
reliability, with a Cronbach’s α value of 0.81 (23); its validity and 
reliability were also demonstrated based on a sample of Taiwanese 
older adults (22). The GDS-15 comprises 15 questions and is easy 
for older adults to complete. Total scores range from 0 (lower 
depressive symptoms) to 15 (higher depressive symptoms) points. 

Abbreviations: BMI, Body-mass index; CI, Confidence interval; DGG, Department 

of Geriatrics and Gerontology; GDS-15, 15-item Geriatric Depression Scale; 

LPA, light physical activity; MVPA, moderate-to-vigorous physical activity; NTU, 

National Taiwan University; NTUH, National Taiwan University Hospital; PA, 

Physical activity.
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A total score of ≥5 points indicates the presence of clinical 
depressive symptoms, while a score of <5 points indicates no 
depressive symptoms (24).

2.2.2. PA
A waist-worn triaxial accelerometer (ActiGraph GT3X+, 

Pensacola, FL, United States) was used to measure the times spent in 
LPA (100–2019 counts/min) and MVPA (≥ 2020 counts/min) (25). 
The accelerometer was not worn during water-related activities, such 
as swimming, and the participants were requested to record that time 
in their diaries. Following previous studies (26), we  identified the 
different time intervals for PA: (a) morning: 06:01–12:00; (b) 
afternoon: 12:01–18:00; and (c) evening: 18:01–24:00. The 
accelerometer data showed that approximately 90% of the participants 
slept between 0:00 and 06:00 for each night in this study. The ActiLife 
software version 6.0 was used to calculate the accelerometer data; all 
the data were processed using 60 s epochs of sampling frequency at the 
default setting (i.e., 30 Hz).

2.2.3. Covariates
We collected data on sociodemographic characteristics, health 

status, and lifestyle behaviors using self-rated questionnaires. 
Sociodemographic characteristics included age, sex (female and 
male), marital status, employment, living status, and education level 
(either university-education level or none). Health status included 
body-mass index (BMI), chronic diseases (< 4 and ≥4), diabetes, 
hypertension, hyperlipidemia, and depressive symptoms (no and yes). 
BMI was calculated as weight in kilograms divided by height in meters 
squared and was divided into four groups based on the official 
standard of the Taiwan Ministry of Health and Welfare: underweight 
(< 18.5 kg/m2), normal (18.5–23.9 kg/m2), overweight (24–26.9 kg/
m2), and obese (≥ 27 kg/m2). Depressive symptoms were assessed 
using the GDS-15, with a cut-off point of <5 points indicating no 
depressive symptoms and that ≥5 points indicating the presence of 
depressive symptoms. Lifestyle behaviors included whether they had 
a habit of smoking and alcohol use. Monitor wear time was assessed 
by the accelerometer.

2.3. Statistical analyses

Descriptive statistical analysis was conducted to obtain the means 
and standard deviations (SDs) of the sample characteristics (n = 180), 
such as socio-demographic factors (age, sex, educational level, and 
BMI), lifestyle behaviors (smoking, alcohol use, high blood pressure, 
high blood cholesterol, and diabetes), GDS-15 scores, LPA, and 
MVPA (Table 1). Multiple linear regression models were used to 
estimate the association between the time spent in timing-specific (in 
percentage) and overall LPA/MVPA (in minutes) based on the 
GDS-15 using 95% confidence intervals (CI) and unstandardized 
coefficients (B); p < 0.05 was considered significant. Binary logistic 
regression analyses were also used to estimate the association 
between overall and timing-specific PA with depression risk. Age, 
sex, education level, BMI, living alone, smoking, drinking, high blood 
pressure, diabetes, high blood cholesterol, and total accelerometer 
wear time were controlled for as confounders. All statistical analyses 
in this study were conducted using IBM SPSS Statistics 23.0, while 
p < 0.05 indicated the significance level.

3. Results

Table 1 presents the characteristics of the 180 older adults (55.0% 
female; 80.5 ± 7.1 years old). Of the participants, 74.4% were over 
75 years of age, 55% were women, 43.9% had university or higher 
education level, 91.7% participants lived with others, 91.1% were 
nonsmokers, 87.8% did not consume alcohol, 51.1% had a normal 
BMI, 85.6% had fewer than four chronic diseases, and 18.3% were at 
risk of depression. On average, the participants spent 237.3 (± 85.7) 
minutes in LPA per day and 12.8 (± 17.0) minutes in MVPA per day.

Table  2 presents the associations between timing-specific and 
overall LPA/MVPA and depressive-symptom scores. In the adjusted 
model, the overall MVPA duration was significantly associated with 
lower total depressive symptom scores [B = −1.357, 95% CI (−2.561, 
−0.153), p < 0.05]. However, timing-specific LPA [during the morning: 
B = −2.321, 95% CI (−7.034, 2.391), p > 0.05; during the afternoon: 
B = 4.617, 95% CI (–1.760, 10.994), p > 0.05; during the evening: 
B = −1.711, 95% CI (−6.635, 3.214), p > 0.05], timing-specific MVPA 
[during the morning: B = −1.080, 95% CI (−2.677, 0.518), p > 0.05; 
during the afternoon: B = 1.593, 95% CI (−0.069, 3.255), p > 0.05; 
during the evening: B = −0.285, 95% CI (−1.902, 1.332), p > 0.05], and 
even overall LPA [B = −0.009, 95% CI (−0.394, 0.376), p > 0.05] were 
not significantly associated with the total depressive symptom scores. 
Binary logistic regression analysis results also showed no significant 
associations between overall and timing-specific PA with depression 
risk in older individuals (Supplementary Table S1).

4. Discussion

To our knowledge, this is the first study to utilize an accelerometer 
to objectively examine the relationship between overall and timing-
specific PA and depression in Taiwanese older adults. The most 
important finding of this study is that accumulation in MVPA, but not 
in LPA, throughout the day, regardless of different timing, was 
significantly associated with lower depressive symptom scores in older 
adults. This finding is significant for intervention designers and public 
health practitioners in designing effective programs for older adults to 
prevent depression.

This study provided two pieces of evidence. The first evidence is 
that accumulation in total PA throughout the day rather than the 
specific timing of PA is more optimal for depression prevention, 
which contradicts our hypothesis based on the circadian rhythm. 
Several previous studies have found that engaging in PA at different 
times of the day may be related to different physical-health outcomes 
(13–15, 18, 27). Our findings are similar to those obtained in two 
studies (16, 17) that indicated that accumulating more overall MVPA 
duration was more important than timing for physical function (16) 
and mortality risks (17).

A possible reason for the unexpected results is that this study did 
not investigate the participants’ activity patterns (outdoor or indoor), 
illumination time, and dietary behavior. Previous studies have 
reported that depression may be related to other behavior (e.g., a diet 
that reduces inflammation in the brain by consuming anti-
inflammatory substances, indirectly lowering the risk of mental illness 
(28)) and environmental factors (e.g., light exposure promotes the 
synthesis of vitamin D, which acts as a hormone to stimulate a positive 
emotion) (29). Consequently, this may explain why various time 
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TABLE 1 Characteristic of the participants (n  =  180).

Categorical variables n %

Age

  65–74 46 25.6

  ≥75 134 74.4

Sex

  Female 99 55

  Male 81 45

Education level

  No graduate level 101 56.1

  Graduate and higher level 79 43.9

Living conditions

  Alone 15 8.3

  Another 165 91.7

Chronic diseases

  Fewer than four 154 85.6

  Four and above 26 14.4

Smoking

  No 164 91.1

  Yes 16 8.9

Alcohol use

  No 158 87.8

  Yes 22 12.2

Depressive risk

  No 147 81.7

  Yes 33 18.3

BMI (kg/m2)

  Underweight 4 2.2

  Normal 92 51.1

  Overweight 46 25.6

  Obesity 38 21.1

Continuous variables Mean SD

Light physical activity

  Overall (min/day) 237.3 85.7

  During the morninga,d (%) 35.1 10.5

  During the afternoonb,d (%) 37.8 6.7

  During the eveningc,d (%) 25.0 8.8

Moderate-to-vigorous physical activity

  Overall (min/day) 12.8 17

  During the morninga,d (%) 37.8 28.1

  During the afternoonb,d (%) 36.1 25.2

  During the eveningc,d (%) 24.6 28.1

Wear time (min/day) 867.6 79.2

Total sleep time (min/day) 449.8 69.6

BMI: body mass index; SD: standard deviation.
aDuring the morning: 06:01–12:00.
bDuring the afternoon: 12:01–18:00.
cDuring the evening: 18:01–24:00.
dThe percentages of LPA and MVPA during the morning, afternoon, and evening do not add up to 100.0% because each percentage was based on an average of 180 participants.
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periods for PA are not significant, and the fundamental mechanism 
could be explored in future work.

Another important finding is that engaging in MVPA rather 
than LPA was more important for depression prevention in older 
adults. It is well-established that engaging in MVPA is associated 
with lower risks of depression among older adults (30, 31) because 
MVPA could contribute to psychological (distraction and self-
efficacy), social (social support and social interaction), and 
physiological (increase in endorphins) benefits (32). A possible 
reason for LPA not being related to depression is that compared 
with MVPA, LPA is more likely to come from standing, 
housekeeping, or slow walking, which is likely to be  less 
stimulating to the brain (33). Therefore, it is possible that older 
adults who engage in at least a moderate intensity of PA may 
produce sufficient stimulation to the brain, which then activates 
the production of endorphins and increases serum endocrine 
concentrations, with a tendency toward homogeneous pleasure 
responses (34, 35). Consequently, these findings imply that MVPA 
may play a crucial protective role against depressive symptoms in 
older adults.

A strength of the present study is that the measurement of PA was 
objective and under free-living environments. Additionally, our study 
is the first attempt to examine the associations of different timings for 
PA with mental health. Our data aid public policy research on overall 
PA and depression, which requires gathering and applying solid 
evidence on PA and depression in the future. However, the results 
should be interpreted in the context of several limitations. First, the 
sample of participants recruited clinically was not representative of the 
entire community-dwelling population, as it included a smaller 
number of participants, roughly half of whom were female, and 18% 
displayed risks of depression. Future research will necessitate a more 
extensive and representative sample to investigate the relationship 
between time-specific and overall MVPA and depression in older 
adults. Second, the study excluded the time periods between 0:00 a.m. 
and 6:00 a.m., which were tacitly recognized as sleep time. This might 
have reduced the time included in the calculation of physical activities. 
However, our data indicate that approximately 90% of the participants 
have overlapping sleep patterns covering the sleep-time period. Third, 
due to the cross-sectional design of the study, a causal relationship 
between the percentage and duration of time-specific and total MVPA 

and depression cannot be inferred. Finally, The GDS-15, used in this 
study, evaluates depressive symptoms over the past week, limiting its 
capacity to reflect longer-term psychological changes. To better 
understand the evolving nature of depression in older adults, future 
studies should consider methods like ecological 
momentary assessment.

5. Conclusion

This study demonstrated that engaging in total MVPA was 
associated with the prevention of depression in adults, regardless of 
the time of day that PA was performed. It is proposed that future 
depression-prevention initiatives for older adults focus on a sufficient 
intensity of PA accumulation throughout the day.
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Objective: Aging is associated with decreased nicotinamide adenine dinucleotide 
(NAD) levels, which in turn cause dysfunctional mitochondria and indirectly 
affect a myriad of diseases. Intracellular nicotinamide phosphoribosyltransferase 
(iNAMPT) serves as a central rate-limiting enzyme in NAD synthesis, making it an 
indispensable health mediator. This meta-analysis examined the effect of exercise 
training on the expression of iNAMPT in humans.

Methods: We searched PubMed, Scopus, ClinicalTrials.gov, and the International 
Clinical Trials Registry Platform for studies published between the inception of 
the database and July 5, 2023. Using the common-effect model, evidence for 
the change in iNAMPT following exercise training was synthesized as Cohen’s d.

Results: The search yielded five eligible studies. The overall effect size is 0.81, 
with a 95% confidence interval of 0.55 to 1.07. Therefore, a random adult will 
have a 71.7% probability that iNAMPT will be  up-regulated following exercise 
training. In general, exercise training resulted in a 1.46-fold increase in iNAMPT. 
Our probability statistics indicate that subgroups of interest may differ practically. 
Specifically, there is a 79.3% probability of increased iNAMPT in men, compared to 
a 69.0% probability in the overall population; young adults have a 75.6% probability 
of having an increased iNAMPT, whereas aged adults have a 68.7% probability; 
and, iNAMPT has a 75.1% probability increase after aerobic exercise and a 66.4% 
probability increase after resistance exercise.

Conclusion: Exercise training is effective for increasing iNAMPT levels in skeletal 
muscles. This essential enzyme regulates not only cellular energetics but also 
healthspan. Therefore, exercise should be  promoted as a natural slow-aging 
lifestyle.
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1. Introduction

The pursuit of longevity by humans has a rich past. Chen Tuan, 
a Chinese Taoist legendary who lived around 900 A.D., is said to have 
practiced inner alchemy by drinking wine (cellular dehydration) and 
sleeping for months [akin to the rate of living theory (1)], which is 
comparable to dry fasting in today’s longevity community. In 1956, 
American medical academic Denham Harman first used modern 
science to explain human aging with his free radical theory (2), which 
is now supported by empirical evidence (3). Mounting evidence to 
date suggests that the accumulation of reactive oxygen species 
damages mitochondria and fundamentally contributes to diseases 
and aging (4). In the defense against reactive oxygen species, 
nicotinamide adenine dinucleotide (NAD)-dependent sirtuins 
emerge as the pivotal regulator of mitochondrial metabolism and 
homeostasis (5), and nicotinamide phosphoribosyltransferase 
(NAMPT) stands out as the key catalyst in this process and, more 
broadly, healthspan and lifespan.

In 1994, NAMPT was first reported as a pre-B-cell colony 
enhancing factor (6), and as time goes on, accumulating evidence 
underscores that it is a pleiotropic protein that functions as a growth 
factor, cytokine, enzyme, and visfatin (7). NAMPT manifests in two 
forms in humans. The extracellular NAMPT performs a cytokine-like 
role in the pathological progression of numerous diseases and cancers 
(7). While the full range of physiological roles of this pleiotropic 
protein in health and the aging process is a priority area of research, 
this review focuses on its intracellular form (iNAMPT), a 
homodimeric class type II phosphoribosyltransferase, which functions 
as a rate-limiting enzyme of NAD.

In human cells, the mechanism underlying NAD biosynthesis of 
iNAMPT is well characterized. NAD is an essential energy-sensing 
metabolite and co-factor for several enzymes that mediate a myriad of 
signaling pathways, such as metabolism, senescence, cell apoptosis, 
DNA repair, and gene expression (8). NAD is synthesized through the 
de novo, Preiss-Handler, and salvage pathways. The de novo pathway 
converts L-tryptophan to nicotinic acid mononucleotide via 
kynurenine and subsequently produces NAD. The Preiss-Handler 
pathway converts nicotinic acid and nicotinic acid riboside to 
nicotinic acid mononucleotide via the nicotinic acid 
phosphoribosyltransferase, then the nicotinamide/nicotinic acid 
mononucleotide adenylyltransferase converts nicotinic acid 
mononucleotide to NAD. The salvage pathway is initiated by the 
addition of a phosphoribosyl moiety to nicotinamide (NAM) from 
5-phosphoribosyl-1-pyrophosphate. The key reaction is regulated by 
iNAMPT, which catalyzes the reversible condensation of NAM to 
produce nicotinamide mononucleotide (NMN), which is then  
shared with the nicotinamide/nicotinic acid mononucleotide 
adenylyltransferase to complete NAD biosynthesis. Of note, 
nicotinamide riboside also uses the salvage pathway to be converted 
to NAM or NMN (9), which produces NAD eventually. 
NAD-dependent enzymes, including sirtuins, ADP-ribosyl cyclases, 
and poly-ADP-ribose polymerases, cleave NAM from NAD during 
their reactions, and NAM is subsequently reversed to the salvage 
pathway. Previous research shows that iNAMPT-KO mice exhibited a 
dramatic 85% decline in NAD levels, demonstrating the predominance 
of the salvage pathway in NAD biosynthesis (10). In short, regardless 
of which precursor (L-tryptophan or vitamin B3) or pathway produces 
NAD, once NAD is consumed, NAM can be recycled and serves as an 

intermediate precursor to produce NMN, with iNAMPT playing the 
master role in the NAD biosynthesis.

Many lifestyle diseases, such as neurodegenerative diseases, 
metabolic diseases, epigenomic changes, and malignant tumors, can 
be traced back to mitochondrial dysfunction, which is anchored in 
NAD depletion thereby mountainous oxidative stress for the body’s 
energy factory (4). ADP-ribosyl cyclases, for instance, competitively 
utilize NAD storage during acute immune response and chronically 
low-grade inflammation, which drains the NAD level for proper 
mitochondrial function (11). NAD-deficient caused oxygen radical 
toxicity ultimately results in DNA and mitochondria DNA mutations 
(12). This chain of events additionally triggers another class of NAD 
consumers, poly-ADP-ribose polymerases, to use NAD for DNA 
repair, leaving even less NAD to activate mitochondrial protection via 
sirtuins-mediated signaling pathways (13). This highlights the 
importance of sustaining adequate levels of NAD for health and 
longevity, which inconveniently declines with age (14, 15).

The decline in iNAMPT is a known cause for the free fall of NAD 
biosynthesis with age. A cross-sectional study shows that young 
secondary adults (25 years) had about a 1.48-fold higher iNAMPT 
content compared with aged sedentary adults (70 years) (16). NAD 
biosynthesis also oscillates in response to nutritional status, which is 
ultimately affected by age. A recent report from China’s CDC found 
that the prevalence of inadequate niacin intake increased from 13.0 to 
28.40% in females and from 17.75 to 29.46% in males between 1991 
and 2018 (17), highlighting a population-wide deficiency of this 
natural NAD precursor. In the meantime, the aged population tends 
to be  largely deficient in niacin intake (18), and this deficiency is 
associated with cognitive fragility (19), presumably as a result of low 
NAD production and, consequently, lower mitochondrial ATP 
production. As a further complication, niacin absorption decreases 
with age due to altered energy and protein metabolism or 
pro-inflammatory changes in the gut. Hence, it is natural to believe 
that the administration of natural NAD precursors may be a promising 
strategy for ameliorating the NAD decline associated with aging and 
diet. Nevertheless, available data indicate otherwise. Human studies 
reveal that supplementation with L-tryptophan or nicotinic acid did 
not enhance NAD metabolism (20) and that long-term 
supplementation may even increase the risk of developing type 2 
diabetes (21). Notwithstanding a single observational study, a 12-week 
supplementation of nicotinamide riboside decreased iNAMPT by 14% 
in obese and insulin-resistant men (22), an adverse development for 
NAD and energy metabolism.

There are two viable strategies for combating the age-related NAD 
decline. Given that NAD replenishment is limited by iNAMPT, 
boosting iNAMPT expression is the first line of defense. 
Pharmacological activation of iNAMPT (23) may be contemplated in 
exceptional cases. In general, this could be accomplished by engaging 
in regular physical activity regardless of age in healthy individuals. In 
young adults (< 25 years), endurance-trained athletes had 
approximately twice as much iNAMPT content as non-obese 
individuals (24). Data obtained in aged adults (> 65 years) revealed 
that lifelong football training increased iNAMPT levels by 2.2-fold 
relative to active untrained compartments (25). The second choice is 
supplementing cellular sources of NAD precursors, predominantly 
biosynthetic NMN, making it the focus of research and 
commercialization. New data underscore the efficacy of biosynthetic 
NMN in bolstering NAD levels in humans (26), which, if rodent 

103

https://doi.org/10.3389/fpubh.2023.1287421
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Sun et al. 10.3389/fpubh.2023.1287421

Frontiers in Public Health 03 frontiersin.org

studies are any indication (27), may have positive health effects and 
promote lifespan.

The emergence of biosynthetic NMN is becoming an increasingly 
popular topic among longevity enthusiasts. It appears that the general 
public is more interested in consuming supplements than in engaging 
in physical activity to achieve perceived health benefits more quickly. 
Nevertheless, the safety of long-term supplementation with highly 
potent biosynthetic NMN or NAD precursors in general remains an 
open question (28). Meanwhile, the molecular underpinnings of the 
beneficial effects of exercise are far from fully understood, and there 
are no aggregated data regarding the effect of regular physical activity 
on iNAMPT expression. Common sense indicates that exercise is the 
safest option for the general public, and in this regard, an overview of 
the current understanding is of vital importance. Therefore, this 
review provides a meta-analysis of the effect of exercise training on 
iNAMPT expression in humans.

2. Methods

2.1. Data sources

This study followed the PRISMA 2020 reporting guidelines (29). 
An electronic search was conducted using PubMed, Scopus, 
ClinicalTrials.gov, and the International Clinical Trials Registry 
Platform of the World Health Organization from the earliest date 
available to 5th July 2023. We used the following search term pairing 
in the title and abstract: (aerobic exercise OR endurance exercise OR 
resistance exercise OR training) AND (nicotinamide phosphoribosyl 
transferase OR nicotinamide phosphoribosyltransferase OR NAMPT). 
After filtering the records, we conducted a snowball search to identify 
additional studies by backward searching the reference lists of eligible 
studies and forward searching (via Google Scholar) studies 
citing them.

2.2. Eligibility criteria

Search results were imported to Endnote 21 for reference 
management. The records were initially screened automatically using 
the following exclusion criteria: animal studies; human studies 
involving children; non-English publications; or, review studies. The 
remaining records were then evaluated based on the following 
inclusion criteria: reported outcome of interest; reported pre- and 
post-training outcome; and, data can be calculated for effect size. Two 
researchers conducted these procedures independently, and 
disagreements or uncertainties regarding eligibility were resolved 
through discussion. Of note, the corresponding authors of two studies 
were contacted for additional information regarding their raw mean 
difference data. These studies were removed from the final list after 
two attempts to contact them via email were unresponsive.

2.3. Outcome

The outcome measure in this study is iNAMPT in skeletal muscles. 
Data reporting that permits effect size calculation was eligible for 
inclusion. Outcome data were extracted from figures using the 

following method: the figure of interest was imported into Adobe 
Photoshop, and then the ruler tool was used to measure the figure 
elements (i.e., length and scale), with the resultant measurement 
calculated in an Excel spreadsheet. Two researchers independently 
extracted data, and their measurements were 99% concordant. The 
measured data, such as those from Costford et al. (24) exhibit an 
extremely high degree of accuracy (100%) when compared to the 
reported data (i.e., an increase of 127%). Of note, the iNAMPT of the 
study by Lanza et  al. (30) was extracted from the supplementary 
materials of the study by Johnson et al. (16). The data that support the 
conclusions of this study are available on figshare.1

2.4. Data synthesis and analysis

Studies that examined different stages of life were considered 
independent research, and effect sizes were determined for each age 
cohort. This meta-analysis adopts Rosenthal’s recommendation (31) 
to use a conservative estimate of the pre-post correlation coefficient, 
0.7, in the calculation of effect size from mean change scores of paired-
sample studies. The robustness of the results from any imputed 
correlation coefficients was evaluated via sensitivity analysis. In 
experimental studies, Hedges’ g is a preferred method for reporting 
the effect size of small sample sizes. In a meta-analysis, however, 
Hedges’ g may lead to more biased meta-estimates than Cohen’s d (32). 
The effect size reported in this study is therefore Cohen’s d.

This meta-analysis was conducted using the meta package version 
6.5–0 in the RStudio version 2023.06.0 Build 421. The estimation of 
between-study variance was fixed using the restricted maximum-
likelihood method. Due to the limited number of eligible studies, the 
effect sizes of individual studies were synthesized into a common 
effect size (33). The I2 statistic (34) was computed to assess the 
contribution of heterogeneity to the aggregated effect size. I2 values of 
25, 50, and 75% represent low, moderate, and high inter-study 
heterogeneity relative to the intra-study variance, respectively.

In addition to the aggregate effect size, this study examined 
potential confounding moderators. Subgroup analyses include age 
(i.e., < 30 years old as young vs. > 50 years old as aged), sex (i.e., male-
only vs. male and female), research design (i.e., independent sample 
vs. paired sample), and mode of exercise training (i.e., aerobic exercise 
vs. resistance exercise). Subgroup heterogeneity was determined using 
Cochran’s Q statistic. Of note, the experiment conducted by Brandauer 
and colleagues (35) could be also coded as a paired-sample study. In 
this meta-analysis, it was coded as an independent-sample study (see 
also discussion of its practical significance). Its paired-sample and 
independent-sample effect sizes are 1.183 and 1.516, respectively.

We also calculated the weighted average fold change of iNAMPT 
following exercise training. Because one included study (16) cannot 
be  used to calculate its original fold change, we  removed it and 
recalculated the weight of each study using the procedures described 
for this meta-analysis. We then calculated the weighted average fold 
change by combining the individual study fold changes.

Given that the eligible studies encompass both single-arm and 
randomized controlled trials, we used both RoB 2 (36) and ROBINS-I 

1 https://doi.org/10.6084/m9.figshare.23998203.v1
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(37) to evaluate the certainty of evidence. Two researchers 
independently applied the tools to each of the included studies, and 
any disagreements in risk of bias assessments were resolved to reach a 
consensus. The domains were then combined using the generic risk-
of-bias framework of the R-based robvis tool (version 0.3.0) (38). Both 
Egger’s regression test and a visual inspection of the funnel plot (39) 
were used to assess publication bias.

To facilitate broad dissemination beyond the research community, 
this meta-analysis effect size is interpreted based on the common-
language effect size. The equation (40) used for the conversion from 
Cohen’s d is as follows:

 
Common language effect size ,

2
d = Φ 

 

where, Ф is the normal cumulative distribution function.

3. Results

3.1. Included studies

As of 5 July 2023, 77 records were located from the search strategy, 
which is depicted in Figure 1. Following screening, five studies met all 
inclusion criteria (16, 24, 30, 35, 41). Table 1 summarizes the general 
characteristics of the included studies. All studies enrolled healthy 
participants without major chronic health conditions that could 
confound the outcome measure. Both male and female participants 
contributed to the evidence and corresponding conclusions. Two 

studies are randomized controlled trials, two studies are single-arm 
trials, and as aforementioned, one study could be considered a pair-
sample or independent-sample study. Given that this field of research 
necessitates invasive muscle biopsies and supervised exercise training, 
it is understandable that all studies recruited small sample sizes. 
Aerobic exercise is the dominant training mode, and the training 
duration was as short as 3 weeks.

Figure 2 depicts the certainty of evidence. These research, in 
general, provided quality evidence from well-designed experiments. 
There are however two concerns. For Costford and colleagues’ study 
(24), there exists an attrition bias. Specifically, 13 participants 
served as their own controls. In the post-training evaluation, 
iNAMPT expression decreased by three individuals, but not other 
measures (e.g., iNAMPT RNA). It is unknown whether the sample 
difference was due to an issue from analytic procedures, selective 
reporting, or other factors. Therefore, this issue represents a 
moderate risk of bias.

A self-reporting bias exists in Lanza and colleague’s study (30). In 
their investigation, the levels of physical activity (i.e., exercise training) 
over the past 4 years were determined using a questionnaire. The 
problem there is twofold. Whether or not participants were concealed 
regarding the purpose of the study before the survey, recall of physical 
activity history presents inaccuracy regarding exercise duration and 
frequency (42). If participants were aware of the purpose of the study 
and over-reported their exercise history, this would result in a 
misclassification bias, invalidating their conclusions and impacting 
the effect size in this meta-analysis. We include their study in this 
meta-analysis because it presents a rare set of long-term training 
effects (two other long-term soccer training studies are excluded from 
this meta-analysis because the effect size could not be calculated). 

FIGURE 1

PRISMA flow diagram.
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Self-reporting bias and possibly misclassification bias pose a moderate 
or critical risk of bias, which readers should be aware of.

3.2. Exercise training enhances intracellular 
nicotinamide phosphoribosyltransferase 
expression

Figure 3 depicts the main outcome. The aggregated d is 0.81 (95% 
confidence interval: 0.55 to 1.07), which conventionally represents a 
large effect size. The common-language effect size was calculated to 
facilitate non-clinical practitioners and the general public in 
interpreting the results. Cohen’s d of 0.81 yields A value of 0.717, 
indicating a 71.7% probability that a randomly selected man or 

woman will have higher iNAMPT expression following exercise 
training than a randomly selected physically inactive adult. Overall, 
exercise training led to a 1.46-fold increase in iNAMPT. We  then 
examined how imputation impacts our results. By assuming r = 0 in 
paired-sample studies, the pooled result shifted slightly to the right 
(larger): d = 0.89, 95% confidence interval = 0.54 to 1.24. This 
difference, however, is trivial from both a theoretical perspective 
(d ≥ 0.8 as a large effect size) and a probabilistic standpoint (71.7% vs. 
73.5%). Thus, sensitivity analysis confirms that imputations of 
correlation coefficients have little influence on the practical inference 
of the results. Notwithstanding the I2 statistic yielded a 0% value, 
indicating that there was no inter-study heterogeneity. Table 2 presents 
the results from subgroups of interest, which are practically interpreted 
in the discussion.

TABLE 1 Characteristics of included studies.

Source
(citation)

Baseline, exercise-group participants

Study 
design

Exercise intervention

N, sex Age (yr)
BMI (kg/

m2)

V̇O2max 
(ml/kg/

min)
Mode Loading

Brandauer (35) 8 M 25.0 24.6 49.0 I A 3 wks: 1–2 h/session at 70–85% peak workload, 15 

sessions

Costford (24) 10 M < 301 – – P A 3 wks: 30–60 min at 75–85% V̇O2max or 50 min at 70% 

V̇O2max per session × 13

Johnson (16)(young) 6 M/5F 24.9 24.0 29.5 I A 8 wks: 60 min at 65% V ̇O2max per session, 3–5 session/wk

Johnson (16) (aged) 5 M/5F 70.0 27.9 17.8 I A 8 wks: 60 min at 65% V ̇O2max per session, 3–5 session/wk

Lamb (41) 6 M/10F 59.0 31.7 – P R 10 wks: 10–12 repetitions × 3 sets of whole-body 

exercise, 2 session/wk

Lanza (30) (young) 6 M/5F 26.0 22.7 51.6 I A 4 yrs.: >1 h, 6 times/wk., self-reported

Lanza (30) (aged) 6 M/4F 65.4 24.4 39.4 I A 4 yrs.: >1 h, 6 times/wk., self-reported

Data are expressed as means. Subgroups were evaluated as independent datasets. A, aerobic exercise; F, female; M, male; I, independent sample; R, resistance exercise; P, paired sample.  
1Based on the inclusion criteria, participants’ ages ranged from 18 to 30.

FIGURE 2

Risk-of-bias assessment of included studies.
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TABLE 2 Subgroup analyses exploring moderators that influence iNAMPT expression following exercise training.

Moderator No. of dataset Sample size Cohen’s d (95% CI) CLES (95% CI; %) Between-group p

Sex

Male only 2 18 1.16 (0.63 to 1.68) 79.3 (67.2 to 88.3) 0.138

Male and female 5 58 0.70 (0.40 to 1.00) 69.0 (61.1 to 76.0)

Age

Young 4 50 0.98 (0.58 to 1.37) 75.6 (65.9 to 83.4) 0.282

Aged 3 26 0.69 (0.34 to 1.03) 68.7 (59.5 to 76.7)

Research design

Paired sample 2 26 0.75 (0.41 to 1.09) 70.2 (61.4 to 78.0) 0.555

Independent sample 5 50 0.91 (0.49 to 1.32) 74.0 (63.6 to 82.5)

Training mode

Aerobic exercise 6 60 0.96 (0.61 to 1.30) 75.1 (66.7 to 82.1) 0.195

Resistance exercise 1 16 0.60 (0.19 to 1.01) 66.4 (55.3 to 76.2)

CLES, common-language effect size.

3.3. Publication bias

The funnel plot given in Figure  4 does not show subjective 
asymmetrical scatter along the vertical line. We then examined the 
contour-enhanced plot. The included studies are located in both 
non-significant (white, p > 0.05) and highly statistically significant 
(dark blue, p < 0.01) regions, reinforcing that publication bias among 
the existing published experiments appears to be low. In addition, the 
value of p of Egger’s test for asymmetry is non-significant (two-tailed 
p = 0.22). We conclude that neither material selection nor publication 
bias exists in this meta-analysis.

4. Discussion

Earth provides humanity with a habitable environment, and one 
of its fundamental elements is oxygen. Mitochondria use oxygen to 
sustain oxidative phosphorylation, the TCA cycle, and glycolysis to 
produce ATP; however, this process imposes an oxidative “tax.” 

Oxidation is a natural trigger for epigenomic changes, and aging 
hastens this process. It is known that exercise confers resistance to 
mitochondrial defects induced by oxidative insults, in part through 
boosting NAD biosynthesis. Here, we provide an overview of existing 
human studies that investigated iNAMPT expression following 
exercise training. In line with animal studies, exercise can effectively 
up-regulate iNAMPT expression in human skeletal muscles. When 
adults engage in structured physical activity, there is a 71.7% 
probability of superiority or a 1.46-fold increase in iNAMPT. Although 
our outcome measure only confirms one critical change in the 
intermediate process of NAD biosynthesis, existing human studies 
indeed show that exercise-induced iNAMPT up-regulation can 
increase NAD (41), NAD-dependent sirtuin deacylases (30), 
antioxidants (16), and senescent signaling pathways (25, 43). 
Therefore, this meta-analysis validates the cellular crosstalk between 
exercise training and metabolism, epigenetics, and aging via iNAMPT.

Although this study addresses the extent to which exercise 
training exerts cellular effects in skeletal muscles, the precise 
mechanism by which iNAMPT is up-regulated and maintained 

FIGURE 3

Forest plot of human’s iNAMPT expression following exercise training. The squares represent the results of independent datasets, with the size of each 
square proportional to the dataset’s weight. The horizontal line represents the 95% confidence interval. The diamond represents the pooled result. The 
bold horizontal line represents the 95% predictions.
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remains unclear. From a systematic perspective, the simplest 
explanation for the mechanism would be  aerobic and resistance 
exercises both promote skeletal muscle hypertrophy (44). Exercise 
training increases the genetic expression of mitochondria and electron 
transport chain activities (45), hence an increase in mitochondrial 
contents in skeletal muscles would be expected to be accompanied by 
the up-regulation of iNAMPT (24). On the other hand, this positive 
adaptation could theoretically be  reversed if exercise training is 
discontinued for an extended period, and this may be  the most 
plausible explanation for the down-regulation of iNAMPT and 
mitochondrial redox potential due to age-associated progressive 
muscle atrophy. In the meantime, the localized expression and 
function of iNAMPT in diverse tissues (46), such as smooth muscle, 
myocardium, and hypothalamus, remind us that the molecular 
mechanism underlying the adaptation to exercise training is far from 
clear. Therefore, tissue- and/or cell-specific kinetics of NAMPT 
expression in humans should be clarified in future studies.

This systematic review further provides the first quantitative 
evidence on a few topics of interest that disparate conclusions are 
partially attributable to different statistical inferences. Based on 
Cochran’s Q statistic in the conventional meta-analysis, we  shall 
conclude that there is no sub-group difference and that the effect of 
exercise training is therefore univariate. However, when interpreting 
the results using probability distribution theory, we are compelled to 
suggest that the context appears to be more complex and that no rash 
conclusions should be drawn. In particular, three subgroups of interest 
merit clarification in the future. First, there is a nearly 10% probability 
difference between studies that only included men and those that 

included both sexes, indicating that men may be more responsive to 
exercise training. Using common sense, it appears that this is true. As 
aforementioned, the up-regulation of iNAMPT may be directly linked 
to an increase in mitochondrial contents during muscle hypertrophy. 
In this regard, men typically have bigger total muscle mass and a larger 
cross-sectional area than women (47), with an increase in 
mitochondrial content concurrent with a rise in cross-sectional area 
(48). This difference in baseline may lead to additional muscular 
adaptations in men following exercise training. Apart from the 
physiological difference, the discrepancies may also be attributed to 
modern lifestyle factors. The enhanced level of female work 
participation is undoubtedly a milestone in the realm of gender 
equality. Yet, female labor involvement often falls within the category 
of office work, hence leading to a greater prevalence of sedentary 
behaviors and longer working hours among modern women. From a 
sociocultural standpoint, there also tends to be a lower level of female 
participation in physical activities (49). Both conditions are not 
conductive to maintaining iNAMPT levels. Notwithstanding the need 
for further clarification of these distinctions, cellular response 
evidence suggests that it is advisable for women to allocate a greater 
amount of leisure-time physical activity in order to optimize 
iNAMPT expression.

Second, the nearly 7% difference in probability between young 
and aged adults may indicate biological changes in aging. Again, this 
may indicate a relative tissue-specific change, such as muscle atrophy. 
This may also be attributable to the absolute loss of mitochondrial 
contents and oxidative capacity associated with aging (50). 
Nevertheless, the present data support the notion that exercise 

FIGURE 4

Funnel plot of included studies. The vertical line marks the overall Cohen’s d. The figure is contour enhanced using conventional benchmarks for 
statistical significance.
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training offers an optimal method for enhancing the pathways of NAD 
production for healthspan. In fact, NAD production in aged adults 
increased to comparable levels in young adults following exercise 
training (41), suggesting the progressive decline in NAD biosynthesis 
during aging is reversible and iNAMPT is the master link in 
this regard.

Third, the nearly 9% difference in probability between aerobic 
exercise and resistance exercise may not be a random occurrence. 
There may be  a dose-dependent association between iNAMPT 
expression and the mode/intensity of exercise training, and mode and 
intensity tend to be  interrelated. Prolonged moderate-intensity 
exercise transfers more energy demands to the glycolytic pathway, 
which requires adequate NAD production to activate the TCA cycle 
and sirtuins pathways in mitochondria. This further necessitates rapid 
recycling between NAM and NAD, resulting in a metabolic adaptation 
characterized by increased iNAMPT expression. Contrarily, 
sub-maximal resistance exercise or isotonic contractions operate on 
ATP supplies derived from the breakdown of phosphocreatine, and 
the energy nature has a lower demand for NAD production (51). Clear 
differences therefore exist between aerobic and resistance exercise, 
thus making the preferred mode of exercise the former. Despite this 
theoretical benefit, we  recommend a combination of aerobic and 
resistance exercise for full-spectrum health. The primary justification 
for this recommendation derives from an experimental study showing 
that exercise training increased iNAMPT expression in trained 
skeletal muscle, but not in untrained skeletal muscle (11). Our 
interpretation is that training should involve as many muscle groups 
as possible to maximize iNAMPT expression in the entire body. 
Additionally, resistance exercise provides many benefits for the quality 
of independent living during aging (52). To counteract the effects of 
aging, the optimal combination may include more aerobic exercise 
days, such as four to five per week, combined with resistance and 
balance training to reconstitute NAD levels and delay functional 
declines associated with aging.

While this meta-analysis strives to elucidate the nexus between 
exercise training and iNAMPT regulation and their implications for 
aging, it also serves as a crucial reminder that good health is never a 
young privilege. Research results indicate that endurance-trained 
athletes exhibit approximately double the expression of iNAMPT 
compared to young non-obese individuals, while obese and T2D 
patients demonstrate drastically decreased iNAMPT expression (24). 
This suggests that increasing iNAMPT levels can be achieved as a 
predictable benefit of an active lifestyle. Unfortunately, we  are 
witnessing the most intense polarization between global GDP 
expansion and the level of physical inactivity in recorded human 
history. The findings of a recent demographic research revealed 
67.2% of the Chinese population to be  physically inactive and is 
associated with a rise in noncommunicable diseases (53), 
underscoring our view that engaging in exercise training is a 
contributing factor to maintaining good health. According to data 
from the WHO global health observatory data repository, the average 
duration of moderate to vigorous physical activity was approximately 
35.5 min per day for men and 32.0 min per day for women in 2012 
(49). This is problematic. Not only is there evidence of a global 
decline in physical activity, but the favorable results revealed in this 
meta-analysis are contingent upon engaging in longer duration (i.e., 
60 min each session) or more structured exercise training. Hence, 

only by adopting an active lifestyle, characterized by chronic 
participation in multi-component physical activities such as 
recommended in the current WHO guideline (54), could people of 
all ages maintain NAD levels and improve the likelihood 
of healthspan.

On the basis of the available evidence, exercise training alone is an 
effective regenerative method for reversing the progressive decline in 
iNAMPT expression in skeletal muscles, and aged adults may even 
attain NAD levels comparable to those of young adults. While there is 
no comparable investigation of iNAMPT or NAD in skeletal muscles 
following supplementation with NAD precursors, several studies have 
shown that supplementation with biosynthetic NMN increases 
circulating NAD levels. A recent study found that biosynthetic NMN 
improved circulating NAD levels in a dose-dependent manner, with 
NAD levels quadrupling after 30 days of supplementation with 900 mg 
of biosynthetic NMN (55). As illustrated in Figure 5, it appears that 
NMN supplementation offers the least resistance to boosting NAD 
levels. The crucial difference between exercise training and 
biosynthetic NMN is that exercise training, at the right range of 
intensity, also promotes healthy oxidative stress that enhances 
mitochondrial innate resistance to environmental insults (56), while 
the benefits of biosynthetic NMN are entirely NAD-driven, with 
sufficient NAD levels to activate sirtuins signaling pathways for proper 
mitochondria DNA repair during stress. Furthermore, it remains 
debatable whether ultra-high NAD storage is entirely beneficial for 
lifespan. NAD is used in all cells, including cancer cells to produce 
energy. One hallmark of the Warburg effect is tumor glycolysis (57), 
and recent animal data confirm concerns (58) that popular forms of 
NAD precursor exhibited a proliferative influence on tumor growth 
(59, 60).

That said, we are not lukewarm about new biosynthetic NAD 
precursors, let alone among the denier camp. We are eager to examine 
their short-term effect on cancer treatment, as a recent study suggested 
(60). In Zhang and colleagues’ animal model, low-dose NMN 
supplementation promoted cancer cell proliferation whereas high-
dose NMN supplementation led to cancer cell apoptosis. The 
treatment of newly diagnosed cancer patients who regularly engage in 
physical activity, in our opinion, should place special focus on 
inhibiting iNAMPT or NAMPT expression in general. The rationale 
is obvious. Long-term exercise could maintain iNAMPT expression 
in skeletal muscles shown here and possibly in other tissues. Under 
healthy conditions, it is a pro-health and pro-longevity enzyme, 
whereas under cancerous ones, it may promote NAD biosynthesis and 
fuel cancer cells indiscriminately. In conjunction with high-dose 
NMN supplementation, this may represent a new line of therapy, 
particularly for athletes.

Finally, we find as many questions as we answer. Exercise training 
includes various forms, and this meta-analysis is based on data 
yielded from aerobic and resistance exercise. There is no data to 
support or deny if low-intensity exercise, such as the popular walking, 
yoga, pilates, hiking, isometric exercise, or Tai Chi, may yield a 
similar magnitude of benefits shown here. This remains an important 
question to be answered as walking in certain cultures, such as China, 
is a very popular form of daily physical activity among aged people. 
Meanwhile, the aerobic exercise prescribed among the included 
studies is moderate-intensity type, and fitness communities nowadays 
often favor high-intensity interval type training. Whist 
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higher-intensity exercise may stimulate similar or even better 
iNANMPT expression in the short run, it also introduces more 
oxidative stress. As reported by Sureda and colleagues, exercise below 
90% maximal oxygen consumption resulted in a mild and 
non-significant increase in reactive oxygen species production, 
whereas exercise above 90% maximal oxygen consumption increased 
reactive oxygen species production by 1.4-fold relative to resting 
states (61). Practitioners with limited scientific training might solely 
focus on the short-term advantages. It appears that moderate-
intensity exercise could lead to a mirage of benefits but no 
overwhelming reactive oxygen species response for mitochondrial 
up-regulation of the stress response. The biological significance of 
reactive oxygen species overload from exercise and whether or not an 
excess of these species would cancel out the beneficial effects of 
exercise on normal mitochondrial function remain an uncharted 
area, and further investigations are awaited.

In conclusion, this meta-analysis demonstrates that aerobic and 
resistance exercises are effective in increasing iNAMPT expression in 
skeletal muscles and that this link plays a pivotal role in NAD 
metabolism, which is gaining increasing attention as a therapeutic 
target for the treatment of many noncommunicable diseases and 
chronic conditions. As the global population structure is rapidly 
transitioning toward fewer working and more retirement cohorts, 
preparing for the socioeconomic shifts associated with an aging 
population is essential to fulfilling the pledge of the 2030 Agenda that 
“no one will be left behind.” This research is an integral part of global 
efforts to promote healthy aging and recommends a natural and 
effective strategy from the sports sector.
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FIGURE 5

Exercise meets supplements for healthy aging: competing demand for NAD biosynthesis. Mounting evidence suggests that mitochondrial dysfunction 
is the underlying cause of the rise in noncommunicable diseases. To defend against environmental insults, healthy levels of nicotinamide adenine 
dinucleotide (NAD) must be maintained. There are three biosynthetic pathways for NAD production in human cells, with the salvage pathway playing 
the predominant role. Socioeconomic status, aging-associated changes in cellular metabolism, and chronic low-grade inflammation can all result in 
niacin deficiency and sub-clinical nicotinamide (NAM) levels, thereby compromising the robustness of the salvage pathway for NAD metabolism. 
Meanwhile, the salvage pathway exclusively depends on the intracellular nicotinamide phosphoribosyltransferase (iNAMPT) to catalyze the conversion 
of NAM to nicotinamide mononucleotide (NMN). iNAMPT inconveniently declines with age, further impeding NAD production. When NAD recycling 
cannot meet its demand, such as NAD-dependent sirtuin 3 activation for mitochondrial DNA (mtDNA) repair, aberrant cellular environments may 
eventually result in mtDNA breakage and mutations. There are two primary strategies to boost NAD biosynthesis. The natural way to induce iNAMPT 
expression is through exercise training, while the modern way is to provide NAD precursors such as biosynthetic NMN. Of note, exercise training also 
induces a dose-dependent spike in the production of reactive oxygen species. As global GDP reaches a certain level, people become more health 
conscious, staging biosynthetic NMN and exercise in the spotlight for life extension.
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Joint association of sleep duration 
and physical activity with cognitive 
performance among Chinese 
adults: an analysis of nationally 
representative survey data
Huan Tao *, Tao Wang  and Yong-Qian Jia 

Department of Hematology, West China Hospital of Sichuan University, Chengdu, China

Background: Although previous studies have identified that both physical activity 
and sleep problems are independently associated with decreased risk of cognitive 
function. However, the joint association of physical activity and sleep duration 
with cognitive function was rarely studied.

Methods: A total of 21,128 participants who had records from the China Family 
Panel Studies (CFPS) in 2018 were included in this study. Linear regression was 
used to examine the associations of joint between physical activity and sleep 
duration with cognitive function in the nationally representative survey data.

Results: Compared with individuals reporting 150 min/week or more of 
activity, those reporting no physical activity had a 116% higher risk of getting 
lower vocabulary scores (coefficient: -1.16, 95% CI: −1.55 ~ −0.78) and a 61% 
higher risk of getting lower mathematics scores (coefficient: -0.61, 95% CI: 
−0.78 ~ −0.44). Compared with those who slept for 7–10 h/day, those who slept 
more than 10 h/day had the lower vocabulary scores (coefficient: −1.34, 95% 
CI: −1.86 ~ −0.83) and mathematics scores (coefficient: −0.68, −0.94 ~ −0.42). 
The results of joint analysis showed that the adjusted coefficient for 
vocabulary scores were −  2.58 (95% CI, −3.33 ~ −1.82) for individuals reporting 
no physical activity and sleeping for 10 h/day, and −  1.00 (95% CI, −1.88 ~ −0.12) 
for individuals reporting more than 150 min/week and sleeping for 10 h/day, 
compared with those who reported a sleep duration for 7–10 h/day and more 
than 150 min/week physical activity, Any level of physical activity combined 
with longer sleep duration (≥10 h/day) was associated with a higher risk of 
getting low mathematics scores.

Conclusion: Appropriate sleep and sufficient physical activity together may have 
amplified association on cognitive performance, highlighting the importance of a 
comprehensive healthy lifestyle.
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1. Introduction

Sleep duration, as an important indicator of health, is essential for 
maintaining an optimal health condition (1). According to the daily 
sleep duration recommended by the American Academy of Sleep 
Medicine, both insufficient sleep and longer sleep could increase the 
adverse health outcomes such as hypertension, diabetes, obesity, and 
mental health problems (2). Long sleep duration in older adults is 
associated with morbidity and mortality according to National Sleep 
Foundation’s updated (3). Both short and long sleep duration on 
weekdays and weekends are related to depressive symptoms (4). 
Importantly, developmental differences in sleep may impact cognition 
and brain development (5), and the underlying mechanism might 
be  the impaired hippocampal neuronal plasticity and memory 
processes (6).

Exercise modalities have benefits on the health and well-being of 
adults, improving physical capacities and cognitive function, both in 
normal states of brain aging and in different stages of cognitive 
impairment (7). Physical activity was effective in improving global 
cognition in Alzheimer disease and in all types of dementia (8). 
Exercise may reduce decline in global cognition in older adults with 
mild-to-moderate Alzheimer’s disease dementia (9). Physical 
inactivity and sleep problems are independently associated with 
decreased risk of cognitive function. Higher total physical activity 
levels are associated with better sleep quality (10). Although the 
potential codependency and synergetic effects physical activity and 
sleep problems have with onset of poor mental health (11), the 
incidence of hypertension (12) and cardiometabolic health markers 
(13), few studies examined the association of sleep duration and 
physical activity with cognitive performance in Chinese population.

Thus, this study firstly evaluates the association of sleep duration 
and physical activity with cognitive performance including vocabulary 
and mathematics scores among Chinese population. Subsequently, 
we assess the joint association of sleep duration and physical activity 
with cognitive performance.

2. Materials and methods

2.1. Study design and sample

This study uses data from the China Family Panel Studies 2018 
(CFPS) (14), which were funded by the 985 Program of Peking 
University and carried out by the Institute of Social Science Survey 
(ISSS) of Peking University. The CFPS is a nationally representative, 
the annual longitudinal project reviewed and approved by the ISSS of 
Peking University. Taking into account regional differences and survey 
costs, CFPS implemented probability proportional to size sampling 
with implicit stratification. Each subsample in CFPS went through 
three stages of extraction (districts/counties–villages/communities-
households) (14). The 2018 CFPS surveyed about 15,000 households 
and collected nearly 44,000 copies of questionnaires. The CFPS mainly 
adopted face-to-face interviews to collect data and 22% were aided by 
phone interviews.

The total sample size included 37,354 individuals. We  firstly 
excluded 2,620 participants aged<16 years old. Subsequently, 
we  excluded the individuals whose index values were unknown, 
rejected, not applicable and missing: vocabulary and mathematics 

scores (10,950), physical activity (32), sleep duration (41), smoking 
(1), drinking (2), self-reported height (277), self-reported weight (52), 
self-reported health status (3), residency (31), employment (1,203), 
and marital status (1,014). Finally, our analytic sample included 21,128 
participants with complete information. The flow diagram of subject 
recruitment is shown in Figure 1.

The project was retrieved from the CFPS website for public access 
to secondary data,1 which excludes all identifiable information about 
individual participants.

This study was conducted in accordance with the Declaration of 
Helsinki, and all procedures involving human subjects were approved 
by the Ethics Committee of Peking University (No. IRB00001052–
14010). All participants were asked to provide written informed 
consent before completing the survey.

2.2. Assessment of sleep duration and 
physical activity

In the 2018 CFPS, three items on sleep duration were constructed 
from relevant survey questions (15), including “On average, how 
many hours do you sleep each day?,” “On a typical workday, how many 
hours do you sleep?,” and “On a typical free day, how many hours do 
you sleep?.” If individuals reported the first question, the latter two 
questions would be missing; conversely, individuals would report the 
latter two questions. According to their reply, sleep duration was 
calculated by (hours on school days*5 + hours on weekends*2)/7 and 
was categorized as <7 h, 7–10 h, and ≥ 10 h (16).

The duration of physical activity was assessed by the question: 
“How much time in total do you exercise each week?” (16). Physical 
activity was subsequently classified as: reporting no activity per week; 
reporting activity from 1 to 149 min/week; reporting activity 
≥150 min/week.

2.3. Assessment of cognitive performance

The American psychologist Cattell has divided cognitive ability 
into two components: fluid intelligence and crystalized intelligence 
(17). In the CFPS 2018, all individuals performed the cognitive ability 
tests (including vocabulary and mathematics tests) by self-answer 
questionnaire (14, 16, 18). The theoretical basis of the CFPS cognitive 
ability tests was the design of Guttman Scale in psychometry, which 
showed good reliability and validity (19).

The vocabulary test was consisted of 34 Chinese characters 
drawn from the language textbooks used in primary and 
secondary schools and sorted in ascending order of difficulty. This 
test seeks to measure one’s vocabulary by how difficult he or she 
can recognize a character and the final score is the rank of the 
hardest question that the respondent answers correctly. 
Respondents did not know the rules before taking the test, so they 
would not fail on purpose. To make the test more efficient, all 
survey respondents were assigned to one of three entry points, 
based on their self-reported highest level of education. The 

1 https://www.isss.pku.edu.cn/cfps/index.htm
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respondents were asked to recognize the increasingly difficult 
characters one by one until they failed to recognize three 
consecutive characters. The mathematics test was consisted of 24 
mathematical questions. The procedures of mathematics test were 
similar to vocabulary test. The mathematics test scores were 
categorized based on the same rank-order rule as that in the 
vocabulary test (18).

2.4. Covariates

To provide more compelling evidence by reducing the amount of 
confounding influence, a set of variables which were previously 
revealed to associate with cognitive function (i.e., gender, age, 
educational level, residency, employment, obesity, smoking, drinking, 
health status, marital status and depression) were adjusted for. Gender, 
residency status and marital status were defined as dichotomous 
variables (gender: male or female; residency: rural or urban; marital 
status: unmarried, married or divorced/widowed/ cohabitation). Age 
was measured by years, and educational level was measured by asking 
the respondent to indicate the highest level of education completed: 
low (completed primary school or lower), middle (completed junior 
middle school but did not undergo the tertiary entrance exam) and 
high (took a tertiary entrance exam or higher) (17). The smoking and 
drinking status were assessed by the question: “Have you used at least 
one cigarette/drink during the recent month?” The responses were 
coded as follows: 1 = yes; 2 = no. BMI was calculated through the self-
reported height and weight. The obesity was defined as a BMI ≥ 28 kg/
m2. Health status was measured according to respondents’ self-rated 
physical health status: good/average and poor. Depressive symptoms 
were measured by the brief self-report 8-item version of The Center for 
Epidemiologic Studies Depression Scale (CES-D). The total score of 
CES-D was from 0 to 24, with a higher score indicating a higher level 
of depressive symptoms. A cut-off of greater than or equal to 9 has been 

suggested for this scale as indicating significant depressive 
symptoms (20).

2.5. Statistical analysis

For descriptive purposes, continuous data was grouped into 
categorical data, and categorical data are presented as numbers and 
percentages. Linear regression was used to determine the associations 
among sleep duration, physical activity and cognitive ability. In the 
model 1, age and sex were adjusted for. In the model 2, education, 
residency and employment were additionally adjusted for. In the 
model 3, apart from the variables included in model 2, obesity, 
smoking, drinking, health status, marital status and depression were 
additionally adjusted for. In addition, physical activity and sleep 
duration were adjusted for mutually in the models. Further analysis 
would be  performed to evaluate the association between sleep 
duration and physical activity with cognitive performance in 
subgroups of age (16–50 years old or > 50 years old), sex (male or 
female) and employment (employed or unemployed), respectively. All 
analyzes were weighted to account for the complex, multi-stage. All 
analyzes were carried out using STATA 17.0 (Stata Corp, College 
Station, TX, United States). Statistical significance was set at 0.05.

3. Results

The characteristics of each participant are shown in Table 1. Of the 
21,128 participants, 51.62% were women, 9.16% were obese, 29.78% 
smoked. 14.84% participants slept for less than 7 h/day, 65.66% slept 
for 7–10 h/day and 9.04% slept for 10 h/day. More than half (51.54%) 
reported no activity, 9.30% reported activity from 1 to 149 min/week, 
and 39.16% reported activity more than 150 min/week. Participants 
who had higher degree tend to do more physical activity every week.

Total sample size included 37,354 
individuals in 2018 CFPS surveyed data

34,734 were eligible
Excluded 2,620 participants aged<16 years old. 

23,784 were eligible

10,950 individuals were excluded whose vocabulary 
or mathematics scores were unknown, rejected, not 
applicable and missing.

21,128 participants were 
included with complete 
information.

2,656 individuals were excluded for the missing values 
of covariates: sleep duration (41), smoking (1), drinking 
(2), height (277), weight (52), health status (3), residency 
(31), employment (1,203), and marital status (1,014).

FIGURE 1

The flow diagram of subject recruitment.
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3.1. Individual associations of physical 
activity and sleep duration

Compared with individuals reporting 150 min/week or more 
of activity, we  observed a 116% higher risk of getting lower 
vocabulary scores (coefficient: -1.16, 95% CI: −1.55 ~ −0.78) and 
a 61% higher risk of getting lower mathematics scores (coefficient: 

−0.61, 95% CI: −0.78 ~ −0.44) among those reporting no physical 
activity. Compared with those who slept for 7–10 h/day, the 
adjusted coefficient for vocabulary score was −1.34 (95%CI, 
−1.86 ~ −0.83), and the coefficient for mathematics scores was 
−0.68 (95% CI, −0.94 ~ −0.42) for individuals reporting sleeping 
more than 10 h/ day in fully adjusted model. All the results were 
detailed in Tables 2, 3.

TABLE 1 Baseline characteristics of study participants stratified by physical activity and sleep duration in CFPS 2018.

Characteristics Physical activity (min/week) Sleep duration (hours/day)

0 1–149 >  =  150 <7 7-  <  10 >  =  10

n p (%) n p (%) n p (%) n p (%) n p (%) n p (%)

Age (years)

  16–50 5,502 56.19 1,148 11.73 3,141 32.08 1,793 18.31 7,278 74.33 720 7.35

  >50 5,387 47.52 817 7.21 5,133 45.28 3,552 31 6,594 58.16 1,191 10.51

Sex

  Male 5,776 52.96 1,025 9.4 4,105 37.64 2,879 26.4 7,089 65 938 8.6

  Female 5,113 50.02 940 9.2 4,169 40.78 2,466 24.12 6,783 66.36 973 9.52

Education

  Low 6,148 58.52 707 6.73 3,650 34.75 2,891 27.52 6,389 60.82 1,225 11.66

  Middle 2,917 49.27 573 9.68 2,430 41.05 1,429 24.14 4,014 67.8 477 8.06

  High 1,824 38.78 685 14.57 2,194 46.65 1,025 21.79 3,469 73.76 209 4.44

Urban/Rural

  Urban 4,617 44.84 1,102 10.7 4,578 44.46 2,817 27.36 6,786 65.9 694 6.74

  Rural 6,272 57.91 863 7.97 3,696 34.12 2,528 23.34 7,086 65.42 1,217 11.24

Employ

  Yes 8,517 54.48 1,540 9.85 5,577 35.67 3,576 22.87 10,791 69.02 1,267 8.1

  No 2,372 43.17 425 7.74 2,697 49.09 1,769 32.2 3,081 56.08 644 11.72

Obesity

  Yes 947 48.94 189 9.77 799 41.29 525 27.13 1,223 63 187 9.66

  No 9,942 51.8 1,776 9.25 7,475 38.95 4,820 25.11 12,649 65.9 1,724 8.98

Smoking

  Yes 3,339 53.08 551 8.76 2,401 38.17 1,516 24.1 4,179 66.43 596 9.47

  No 7,550 50.89 1,414 9.53 5,873 39.58 3,829 25.81 9,693 65.33 1,315 8.86

Drinking

  Yes 1,848 52.95 297 8.51 1,345 38.46 919 26.33 2,259 64.73 312 8.94

  No 9,041 51.26 1,668 9.46 6,929 39.28 4,426 25.09 11,613 65.84 1,599 9.07

Marital status

  Unmarried 726 50.8 218 15.26 485 33.94 207 14 1,100 76.98 122 8.54

  Married 9,392 51.84 1,628 8.99 7,097 39.17 4,608 25 11,904 65.71 1,605 8.86

  Others 771 48.74 119 7.52 692 43.74 530 34 868 54.87 184 11.63

Self-reported health

  Good/average 8,618 50.44 1,676 9.81 6,793 39.76 4,043 23.66 11,668 68.29 1,376 8.05

  Poor 2,271 56.2 289 7.15 1,481 36.65 1,302 32.22 2,204 54.54 535 13.24

Depression

  Yes 10,173 52.15 1,842 9.44 7,494 38.41 5,048 25.88 12,687 65.03 1,774 9.09

  No 716 44.22 123 7.6 780 48.18 297 18.34 1,185 73.19 137 8.46

116

https://doi.org/10.3389/fpubh.2023.1244407
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Tao
 et al. 

10
.3

3
8

9
/fp

u
b

h
.2

0
2

3.124
4

4
0

7

Fro
n

tie
rs in

 P
u

b
lic H

e
alth

fro
n

tie
rsin

.o
rg

TABLE 2 Association between physical activity with cognitive performance in cross-sectional study.

Cognitive 
performance

Physical 
activity 
(min/
week)

Model 1 Model 2 Model 3a

Coefficient 95% CI p value Coefficient 95% CI p value Coefficient 95% CI p value

Vocabulary scores 0 −3.52 −4.23 −2.81 <0.001 −1.29 −1.68 −0.89 <0.001 −1.16 −1.55 −0.78 <0.001

1–149 −0.01 −0.58 0.56 0.98 −0.18 −0.61 0.24 0.39 −0.12 −0.53 0.28 0.55

> = 150 0 (reference) 0 (reference) 0 (reference)

Mathematics scores 0 −1.81 −2.14 −1.48 <0.001 −0.67 −0.84 −0.50 <0.001 −0.61 −0.78 −0.44 <0.001

1–149 0.28 −0.08 0.65 0.13 0.14 −0.15 0.44 0.34 0.17 −0.13 0.46 0.27

> = 150 0 (reference) 0 (reference) 0 (reference)

Model 1: adjusting for age and sex; Model 2: adjusting for age, sex, education, residency and employment; Model 3a: adjusting for age, sex, education, residency, employment, obesity, smoking, drinking, sleep duration, self-reported health, marital status and depression.

TABLE 3 Association between sleep duration with cognitive performance in cross-sectional study.

Cognitive 
performance

Sleep 
duration 

(hours/day)

Model 1 Model 2 Model 3b

Coefficient 95% CI p value Coefficient 95% CI p value Coefficient 95% CI p value

Vocabulary scores <7 0.25 −0.27 0.77 0.35 0.20 −0.16 0.56 0.28 0.25 −0.09 0.60 0.15

7- < 10 0 (reference) 0 (reference) 0 (reference)

> = 10 −2.98 −3.76 −2.20 <0.001 −1.59 −2.13 −1.05 <0.001 −1.34 −1.86 −0.83 <0.001

Mathematics scores <7 −0.16 −0.41 0.09 0.21 −0.13 −0.31 0.06 0.18 −0.10 −0.28 0.08 0.27

7- < 10 0 (reference) 0 (reference) 0 (reference)

> = 10 −1.58 −1.96 −1.20 <0.001 −0.77 −1.04 −0.51 <0.001 −0.68 −0.94 −0.42 <0.001

Model 1: adjusting for age and sex; Model 2: adjusting for age, sex, education, residency and employment; Model 3b: adjusting for age, sex, education, residency, employment, obesity, smoking, drinking, physical activity, self-reported health, marital status and 
depression.
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3.2. Joint associations of physical activity 
and sleep duration

The joint associations between physical activity and sleep duration 
with cognitive performance are presented in Table 4. Compared with 
those who slept for 7–10 h/day reporting more than 150 min/week, the 
adjusted coefficient for vocabulary scores were −2.58 (95% CI, 
−3.33 ~ −1.82) for reporting no physical activity with a sleep 
duration≥10 h/day, and −1.00 (95% CI, −1.88 ~ −0.12) for reporting 
more than 150 min/week with a sleep duration≥10 h/day. Similarly, 
those who reporting no physical activity with a sleep duration≥10 h/
day had a 130% higher risk of getting lower mathematics scores (95% 
CI: −1.67 ~ −0.93), 82% for reporting 1 to 149 min/week with a sleep 
duration≥10 h/day (95% CI: −1.58 ~ −0.05), 53% for reporting more 
than 150 min/week with a sleep duration≥10 h/day (95% CI, 
−0.96 ~ −0.09), respectively. Those shorter sleepers (<7 h/day) 
reporting no activity had lower vocabulary scores (coefficient: -0.83, 
95% CI: −1.34 ~ −0.31) and mathematics scores (coefficient: -0.69, 
95% CI: −0.95 ~ −0.43).

3.3. Subgroup analyzes

In the subgroups of age, sex and employment, compared with 
those reporting a sleep duration for 7-10 h/day, short sleeper (<7 h/
day) who are younger than 50 years old had a 35% higher risk of 
getting lower mathematics scores (coefficient: −0.35, 95% 
CI = −0.64 ~ −0.07). Those individuals who were employed with a 
sleep duration ≥10 h/day tend to get lower vocabulary scores 
(coefficient: −1.47, 95% CI: −2.03 ~ −0.91) and mathematics scores 
(coefficient: −0.81, 95% CI: −1.11 ~ −0.51). And other results 
observed were consistent with our primary findings. All the results 
were detailed in Table 5.

4. Discussion

In the present study, compared with individuals reporting activity 
more than 150 min/week, individuals reporting no physical activity 
had higher risk of getting lower cognitive performance. Participants 
who reported a sleep duration ≥10 h/day were at higher risk of getting 
lower scores when compared with those reporting a sleep duration for 
7-10 h/day. In the joint associations analysis, compared with those 
who reporting a sleep duration for 7–10 h/day with doing activity 
more than 150 min/week, any level of physical activity combined with 
longer sleep duration was associated with a higher risk of getting lower 
mathematics scores.

Cognitive impairment is associated with increased risk of 
disability, increased health expenditures, and progression to dementia 
problems in memory (21). Evidence showed that lifestyle factors (such 
as physical, sleep problems, diet, smoking, alcohol drinking) might 
affect cognitive function (22–26). Both longer and short sleep duration 
were associated with higher risks of cognitive impairment (27). Doing 
exercise have positive effect on improving cognitive function (8, 28). 
An umbrella review evaluated 28,205 participants with mild cognitive 
impairment or dementia, physical activity was not only effective in 
improving global cognition in Alzheimer disease and in all types of 
dementia, but also improved noncognitive outcomes in people with 
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TABLE 5 Subgroups analysis of association between sleep duration and physical activity with cognitive performance.

Cognitive 
performance

Subgroups Physical activity (min/week) Model 3a Sleep duration (hours/day) Model 3b

0 1–149 >  =  150 <7 7-  <  10 >  =  10

Coefficient 95%CI p 
value

Coefficient 95%CI p 
value

Coefficient 95%CI p 
value

Coefficient 95%CI p 
value

Vocabulary scores Age < =50 −0.54 −0.94 −0.15 0.008 0.22 −0.29 0.73 0.40 0 (reference) −0.33 −0.82 0.16 0.19 0 (reference) −1.54 −2.28 −0.81 <0.001

Age > 50 −1.56 −2.13 −0.99 <0.001 −0.20 −1.04 0.65 0.65 0 (reference) 0.68 0.21 1.14 0.004 0 (reference) −1.37 −2.05 −0.70 <0.001

Male −1.44 −1.90 −0.96 <0.001 −0.26 −0.86 0.34 0.40 0 (reference) 0.41 −0.14 0.95 0.15 0 (reference) −1.19 −1.90 −0.48 0.001

Female −0.89 −1.41 −0.37 0.001 0.01 −0.57 0.60 0.97 0 (reference) 0.28 −0.21 0.76 0.27 0 (reference) −1.73 −2.51 −0.96 <0.001

Unemployed −1.73 −2.46 −0.99 <0.001 0.10 −0.97 1.18 0.82 0 (reference) 0.68 0.00 1.35 0.05 0 (reference) −0.89 −1.95 0.17 0.1

Employed −0.94 −1.32 −0.55 <0.001 −0.10 −0.53 0.33 0.65 0 (reference) 0.11 −0.28 0.51 0.51 0 (reference) −1.47 −2.03 −0.91 <0.001

Mathematics scores Age < =50 −0.49 −0.73 −0.26 <0.001 0.31 −0.10 0.71 0.13 0 (reference) −0.35 −0.64 −0.07 0.02 0 (reference) −0.97 −1.42 −0.52 <0.001

Age > 50 −0.67 −0.86 −0.47 <0.001 −0.06 −0.48 0.37 0.79 0 (reference) 0.15 −0.07 0.36 0.18 0 (reference) −0.53 −0.78 −0.27 <0.001

Male −0.64 −0.85 −0.44 <0.001 0.23 −0.15 0.60 0.23 0 (reference) −0.05 −0.30 0.19 0.67 0 (reference) −0.58 −0.91 −0.24 0.001

Female −0.58 −0.82 −0.33 <0.001 0.08 −0.31 0.47 0.69 0 (reference) −0.11 −0.40 0.17 0.43 0 (reference) −0.84 −1.23 −0.45 <0.001

Unemployed −0.87 −1.16 −0.58 <0.001 −0.13 −0.76 0.50 0.69 0 (reference) −0.18 −0.49 0.13 0.25 0 (reference) −0.41 −0.87 0.04 0.07

Employed −0.53 −0.72 −0.33 <0.001 0.26 −0.05 0.57 0.11 0 (reference) −0.07 −0.28 0.15 0.53 0 (reference) −0.81 −1.11 −0.51 <0.001

Model 3a: adjusting for age, sex, education, residency, employment, obesity, smoking, drinking, sleep duration, self-reported health, marital status and depression.
Model 3b: adjusting for age, sex, education, residency, employment, obesity, smoking, drinking, physical activity, self-reported health, marital status and depression.
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dementia including falls, and neuropsychiatric symptoms (8). In our 
study, we observed a higher risk of getting lower scores among those 
reporting no physical activity, comparing with individuals reporting 
150 min/week or more of activity. Individuals with a longer sleep 
duration had a higher risk of getting lower scores when compared 
with those who slept for 7–10 h/day. Those results indicated that 
physical inactivity and long sleep duration impaired the cognitive 
performance respectively, which was consistent with previous studies. 
Interestingly, those individuals who were employed with a longer sleep 
duration tend to get lower cognitive performance in the subgroups 
analysis. One possible explanation for the difference is that the 
questions answered by individuals unemployed are different from the 
questions answered by individuals employed, and another likely 
reason is that there is a difference between the two subgroups. Thus, 
further research could be designed to explore it in the future.

Previous studies indicated that physical activity is beneficial in 
improving global cognitive function (8, 28). An Updated Umbrella 
Review of the 2018 Physical Activity Guidelines Advisory Committee 
Report suggested that physical activity improved sleep in adults with 
insomnia symptoms or obstructive sleep apnea (29). However, multi-
behavior interventions may leverage the overlap in the potential 
biological and psychological mechanisms linking physical inactivity 
and longer sleep duration to cognitive impairment (29). Many 
previous studies examined the joint association of physical activity 
and sleep problems with onset of poor mental health (11), the 
incidence of hypertension (12) and cardiometabolic health markers 
(13), to our knowledge, our study firstly reported associations between 
joint categories of physical activity, sleep duration and the cognitive 
performance. In the joint associations analysis, we  found that the 
effect of physical inactivity combined with long sleep duration was 
greater than these individual risk factors on the cognitive performance. 
Thus, our results might give more evidence to clinical physicians or 
health care providers, promoting a comprehensive healthy lifestyle.

The primary strength of this study is that CFPS is a large national 
social tracking project with comprehensive coverage and strong 
representativeness. We assessed physical activity and sleep duration 
with cognitive performance firstly. However, several limitations 
should be noted. Firstly, we acknowledged that the information on 
other variables (e.g., dietary patterns, internet use, insomnia caused 
by some psychological factors) might serve as important drivers of 
cognitive ability (17, 30). Health status and level of education were all 
self-reported, there was no way to actually assess if somebody has 
omitted important details about their health, this could have affected 
cognitive performance. Secondly, both physical activity and sleep 
duration were self-reported, which means it is subject to recall bias, 
participants may have been misclassified based on their reported level. 
Thirdly, this cross-sectional design limits the ability to establish a 
causal relationship, thus more longitudinal and intervention studies 
with larger sample size are warranted to on the explore the physical 
activity and sleep duration on cognitive performance. Despite that, 
our findings could provide valuable information to help develop 
public health messages and interventions.

5. Conclusion

Our study suggested that sleep duration and physical activity 
together may have amplified association on cognitive performance 

compared to their independent associations. Clinically, physicians 
should be aware of this increased risk among longer sleepers who 
never exercised. Health care providers should ensure that 
recommendation to promote physical activity and appropriate sleep 
time are addressed as daily habits, promoting a comprehensive 
healthy lifestyle.
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Daytime napping, biological aging 
and cognitive function among 
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Objective: The complicated association of daytime napping, biological aging and 
cognitive function remains inconclusive. We aimed to evaluate the cross-sectional 
and longitudinal associations of daytime napping and two aging measures with 
cognition and to examine whether napping affects cognition through a more 
advanced state of aging.

Methods: Data was collected from the China Health and Retirement Longitudinal 
Study. Napping was self-reported. We calculated two published biological aging 
measures: Klemera and Doubal biological age (KDM-BA) and physiological 
dysregulation (PD), which derived information from clinical biomarkers. Cognitive 
z-scores were calculated at each wave. Linear mixed models were used to explore 
the longitudinal association between napping, two aging measures, and cognitive 
decline. Mediation analyses were performed to assess the mediating effects of 
biological age acceleration on the association between napping and cognition.

Results: Participants aged over 45  years were included in the analyses. Non-
nappers had greater KDM-BA and PD [LS means (LSM)  =  0.255, p  =  0.007; 
LSM  =  0.085, p  =  0.011] and faster cognitive decline (LSM  =  −0.061, p  =  0.005)
compared to moderate nappers (30–90  min/nap). KDM-BA (β  =  −0.007, p  =  0.018) 
and PD (β  =  −0.034, p  <  0.001) showed a negative association with overall cognitive 
z scores. KDM-BA and PD partially mediated the effect of napping on cognition.

Conclusion: In middle-aged and older Chinese, compared to moderate nappers, 
non-nappers seem to experience a more advanced state of aging and increased 
rates of cognitive decline. The aging status possibly mediates the association 
between napping and cognition. Moderate napping shows promise in promoting 
healthy aging and reducing the burden of cognitive decline in Chinese middle-
aged and older adults.
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biological aging

OPEN ACCESS

EDITED BY

Stevo Popovic,  
University of Montenegro, Montenegro

REVIEWED BY

Yongjie Chen,  
Tianjin Medical University, China  
Morteza Taher,  
University of Tehran, Iran  
Sup Amornpinyo,  
Khon Kaen University, Thailand  
Adriana Ladeira De Araújo,  
University College Dublin, Ireland

*CORRESPONDENCE

Yang Zhang  
 yangzhang0729@hotmail.com  

Yajia Lan  
 lanyajia@sina.com

RECEIVED 15 September 2023
ACCEPTED 06 November 2023
PUBLISHED 17 November 2023

CITATION

Wu H, Huang L, Zhang S, Zhang Y and 
Lan Y (2023) Daytime napping, biological aging 
and cognitive function among middle-aged 
and older Chinese: insights from the China 
health and retirement longitudinal study.
Front. Public Health 11:1294948.
doi: 10.3389/fpubh.2023.1294948

COPYRIGHT

© 2023 Wu, Huang, Zhang, Zhang and Lan. 
This is an open-access article distributed under 
the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic practice. 
No use, distribution or reproduction is 
permitted which does not comply with these 
terms.

TYPE Original Research
PUBLISHED 17 November 2023
DOI 10.3389/fpubh.2023.1294948

122

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2023.1294948%EF%BB%BF&domain=pdf&date_stamp=2023-11-17
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1294948/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1294948/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1294948/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1294948/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1294948/full
mailto:yangzhang0729@hotmail.com
mailto:lanyajia@sina.com
https://doi.org/10.3389/fpubh.2023.1294948
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2023.1294948


Wu et al. 10.3389/fpubh.2023.1294948

Frontiers in Public Health 02 frontiersin.org

1. Introduction

Aging is commonly characterized as a progressive, generalized 
impairment in system integrity, manifested as increased vulnerability 
to disease and death (1). With the projected trends in global 
population aging, the prevalence of age-related diseases has become 
a major concern. Currently, dementia has emerged as the greatest 
challenge in global health and social care (2). In 2019, 55 million 
people worldwide were estimated to be  living with dementia, a 
number that is projected to rise to 139 million by 2050 (3). Previous 
research has shown that moderate napping duration (e.g., 30–90 min) 
is associated with better cognitive performance (4). On the other 
hand, no naps or overly long naps (e.g., >90 min) may be detrimental 
(5). However, most of the evidence comes from older adults, 
especially those aged over 65 years, many of whom are living with 
chronic illness or experiencing cognitive impairment. Since there is 
increasing evidence that active interventions for risk factors in 
midlife may reduce the incidence of dementia, especially Alzheimer’s 
disease (AD) (2, 6, 7), it is necessary to know whether these 
associations still exist in the middle-aged and older population, 
which is essential for early intervention or delaying the dysfunction 
and AD (8).

As the greatest risk factor, age is strongly associated with an 
increased risk of dementia, with incidence rates increasing 
exponentially after the age of 65 (2). No effective medical treatment 
is currently available for dementia, and as a result, researchers have 
sought to prevent and intervene in cognitive impairment by 
understanding its pathophysiological mechanisms and modifiable 
risk factors. The geroscience hypothesis suggests that interventions 
to delay the biological processes of aging could prevent age-related 
diseases and extend healthy lifespan (9, 10). Prior studies found that 
people who experienced an accelerated aging process tended to have 
poorer cognitive or memory function (8, 11–13). On the other hand, 
laboratory studies indicated that sleep disorders can affect the 
biological aging process through various pathways, such as 
mitochondrial metabolism, DNA damage, telomeric shortening, and 
chronic inflammation (14). A study in the United Kingdom Biobank 
cohort found the acceleration of biological aging would be  the 
consequence of sleep quality (including nighttime sleep duration) 
(15). A new study has revealed that a higher frequency of napping 
was causally associated with epigenetic age acceleration based on 
DNA methylation level (16). Given the potential connections, it 
seems warranted to evaluate the association of napping duration, 
BA, with cognitive function, however, the current evidence 
is limited.

In this study, we used two newly validated composite biological 
age (BA) measures in the Chinese population, Klemera and Doubal 
biological age (KDM-BA) and physiological dysregulation (PD). 
We  hypothesized individuals who take no naps or excessive naps 
exhibit worse cognitive function and greater BA compared to those 
who take moderate naps. We  examined the associations among 
napping during, BA and cognition in the China Longitudinal Study of 
Health and Retirement (CHARLS), a national cohort study. Then, 
we investigated the longitudinal effect of baseline napping and BA on 
cognitive decline during follow-up. Additionally, we examined the 
mediating role of BA in the relationship between daytime napping and 
cognitive function to test whether the acceleration of BA is an 
underlying pathway linking daytime napping to cognitive function.

2. Materials and methods

2.1. Study design and participants

CHARLS is a nationally representative longitudinal survey of the 
middle-aged and older population in mainland China. The baseline 
survey comprising individuals aged 45 years and older was conducted 
between June 2011 and March 2012, and three follow-up visits were 
conducted in 2013 (wave 2), 2015 (wave 3), and 2018 (wave 4). A 
multistage probability sampling method was used to select 
interviewees. Data on demographic characteristics, health 
circumstances, socioeconomic status, and other health-related 
information was obtained from individual interviews and physical 
measurements. Whole blood specimens were collected during the 
baseline and wave 3 surveys. More details on the data have been 
previously described (17). All participants in the CHARLS study were 
required to provide signed informed consent. The Ethics Committee 
of Peking University approved this study (IRB00001052–11015).

In brief, we included participants who provided blood samples at 
baseline (N = 11,847) and restricted to those aged 45–99 years to 
ensure that individuals were sufficiently old to detect age-related 
variants in biomarkers but not too old as to represent a chosen 
population with above-average health (N = 1,1,416) (18, 19). Next, 
we  excluded individuals whose information on one or more 
biomarkers was missing (N = 2,205). Participants diagnosed with 
memory-related diseases and those with missing data on napping, 
cognition, and other covariates were excluded (N = 2,564). Finally, 
6,647 respondents were enrolled in the cross-sectional analyses. A 
total of 6,031 respondents who had at least one remeasurement of 
cognitive function at follow-up were enrolled in the longitudinal 
analyses (Supplementary Figure S1).

2.2. Exposure

Baseline daytime napping, irrespective of napping frequency, was 
assessed by asking, “During the past month, how long did you take a 
nap after lunch?” We obtained information on the duration of one 
napping session at a certain time of the day (after lunch) for all 
participants. According to the previous evidence, participants in our 
study were divided into four groups according to their napping 
duration at baseline: non-nappers (0 min), short nappers (≤30 min), 
moderate nappers (30–90 min), and extended nappers (≥90 min). The 
moderate napping group was set as the reference in our analysis, as 
moderate nappers showed better cognitive function in previous 
studies (4, 5, 20).

2.3. Biological age measures

We calculated composite BA using two published algorithms: the 
KDM (18) and PD (21). Based on these two algorithms, KDM-BA and 
PD have been developed and used in research on senescence and 
age-related diseases (22, 23). In a recent study, the two BA measures 
were validated in a Chinese population and demonstrated robust 
prediction of mortality and disease counts (19). The KDM algorithm is 
derived from a series of regressions of each individual’s biomarkers on 
chronological age (CA) in a reference population (24). PD was derived 
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from the Mahalanobis distance by extracting information on multiple 
biomarkers with respect to a reference or mean baseline population. 
Unlike KDM-BA, PD does not directly estimate BA and its value 
represents how anomalous each individual’s physiological profile is 
compared with a reference sample. PD increases over time within 
individuals, with higher values indicating an advanced state of aging.

Considering the availability and correlations with CA, a total of 
eight biomarkers used to estimate KDM-BA and PD for individuals 
were obtained from blood and physical examinations at the baseline 
survey and were similar to the biomarker set employed by Liu for the 
validation analysis in the CHARLS (19). The biomarker list included 
creatinine, high-sensitivity C-reactive protein, total cholesterol, 
triglycerides, glycosylated hemoglobin, urea nitrogen, platelets, and 
systolic blood pressure. The KDM-BA algorithm parameters were 
trained using data from the China Nutrition and Health Survey 
(CHNS) cohort and then projected onto CHARLS. For PD, we selected 
a sample aged 20–39 years from the CHNS as the reference population 
to parameterize the algorithms, as in previous studies (19, 25). More 
details on the CHNS have been presented elsewhere (26). The BA 
measures mentioned above were calculated using the BioAge R package 
(27). For KDM-BA, we calculated the residuals, referred to as KDM-BA 
acceleration (KDM-BAacc), resulting from a linear regression model 
when regressing KDM-BA on the CA for each participant. A value 
greater than 0 indicates advanced biological age beyond that expected 
in terms of CA, and values less than 0 are reversed. For PD, the primary 
statistical distance was log-transformed for approximate normalization 
and standardized in subsequent analyses.

2.4. Outcome

According to previous publications, cognitive function comprising 
the three aspects of memory, orientation, and executive function was 
assessed in all CHARLS waves through a battery of tests, including some 
components of the Telephone Interview of Cognition Status, word 
recall, and picture drawing (28–31). In brief, the memory function was 
measured by immediate and delayed word recall for 10 unrelated words, 
and the memory score was the sum of two individual test scores, 
ranging from 0 to 20. For the orientation function, respondents were 
asked to tell investigators the day of the week, date of the month, month 
of the year, and year. One point was awarded for each correct answer. 
The executive function test contained two items of the serial sevens test, 
that is, serial subtraction of 7 from 100 (up to five times, ranging from 
0 to 5 points), and a picture drawing test, in which respondents were 
required to redraw a picture of two intersecting pentagons shown to 
them, three points were given for a successful drawing and 0 points for 
a failed drawing. The total scores for orientation and executive function 
ranged from 0 to 4 and from 0 to 8, respectively. These tests have been 
demonstrated to be valid and have been widely used in previous studies 
on cognition in the CHARLS population and others (28–33).

To compare across cognition tests, z scores of each domain at each 
wave standardized to baseline were generated by subtracting the mean 
score at baseline from each participant’s scores at any wave and 
dividing by the standard deviation (SD) of the baseline scores. 
We calculated the global cognitive z scores for an individual at each 
wave by averaging the z scores of the three domains and 
re-standardizing them to the baseline global z scores. This approach 
has been widely adopted (29, 31–34).

2.5. Covariates

Potential confounders related to napping, cognition and biological 
aging were selected for analysis (4, 5, 19, 25, 29, 35). All covariates 
were collected during the first study visit, including age, sex, residence, 
education level, body mass index (BMI), marital status, current 
smoking status, alcohol consumption, night sleep duration, depressive 
symptoms, and self-reported chronic diseases such as hypertension, 
diabetes, heart diseases and stroke. Residents were divided into those 
living in urban and rural areas. Education was divided into three 
levels: low (elementary school or below), middle (middle school, high 
school, and vocational school), and high (associate’s degree or above). 
Weight and height for BMI calculation were measured by objected 
physical examination. Marital status was classified as married (living 
with spouse present) or others (including separated, divorced, 
widowed, and never married). All participants were divided into 
current smokers and nonsmokers. Alcohol consumption was divided 
into non-drinkers, drinking less than once a month, and drinking 
more than once a month. Night sleep duration was assessed using the 
question, “During the past month, how many hours of actual sleep did 
you get at night (average hours for one night)?” Participants were 
divided into three groups: short (<7 h), moderate (7–8 h), and long 
(>8 h). The ten-item Center for Epidemiologic Studies Depression 
Scale was used to evaluate depressive symptoms. Each item was scored 
from 0 to 3, with the sum ranging from 0 to 30, and a score of 12 or 
higher was defined as depressive symptoms (36). Chronic disease 
history was measured by self-reporting at baseline.

2.6. Statistical analyses

The characteristics of the participants at baseline were described 
with mean and SD for continuous variables and count and percentages 
for categorical variables, respectively. The Kruskal–Wallis test or 
analysis of variance was used for continuous variables, and the 
chi-square test was used for categorical variables to examine 
differences across napping duration groups.

We used analyses of covariance to calculate the mean difference 
across groups to evaluate the association between napping duration 
and cognitive z scores, as well as napping duration and BAs at baseline 
after adjusting for potential confounders, respectively. The results were 
expressed as least-square means (LSM) of cognitive z scores or the 
values of two BA measures compared with the reference group 
(moderate nappers). Multivariable linear model was used to evaluate 
the association between KDM-BAacc/PD and cognitive z scores at the 
baseline. Model 1 was adjusted for age and sex, and Model 2 was 
additionally adjusted for the aforementioned covariates.

To further examine the associations of baseline napping and the 
two BA measures with cognitive decline, we fitted a set of linear mixed 
models in which the cognitive z scores were included as a longitudinal 
outcome. The models incorporated all available follow-up data and 
treated missing data as missing at random. A random intercept and 
slope for each individual were considered to account for the 
remeasurement of cognitive function and to allow for individual 
differences at baseline and varying rates of cognitive decline over time. 
Specifically, the primary models included baseline napping duration, 
time (years from baseline to each subsequent longitudinal cognitive 
measure), and the interaction term between napping duration and 
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time. The coefficient of the interaction term manifested the mean 
difference in the rate of change in cognitive z scores (SD/year) 
compared with the reference group. Model 1 was adjusted for age and 
sex, and Model 2 was further adjusted for the covariates mentioned 
above. We hypothesized that greater BA would be associated with 
faster rates of decline in both global cognitive and three cognitive 
domains. Additional models (Models 3a and 3b) were further adjusted 
for two BA measures and the interactions between BA measures and 
time, based on Model 2, respectively.

Mediation analyses were conducted to assess the effects of BA 
measures on the association between napping duration and cognitive 
function. The estimation was performed using the medication R 
package with bootstrapping (1,000 simulations). The parameter 
estimates and proportion mediated (the proportion of napping 
duration effect on cognitive function medicated through BA) 
were documented.

We also conducted some additional analyses. Firstly, given that 
the statistically significant association of napping duration with BA 
was only observed between the non-nappers and the reference group, 
all respondents were dichotomized into two subgroups, non-nappers 
and nappers, to assess the effects of napping on cognitive function and 
BA acceleration, and to set non-nappers as the reference group. 
Secondly, as the potential non-linear association between daytime 
napping and cognition, the data were smoothed and then a restricted 
cubic spline model was used. We selected the model with the smallest 
AIC to determine the number of knots, and there are 4 knots in the 
final model. Thirdly, considering that family clustering existed in the 
CHARLS participants, we performed a sensitivity analysis to further 
adjust for family effect in our models. Statistical significance was 
considered to be p < 0.05. All statistical analyses were 2-sided and 
conducted using R version 4.1.1.

3. Results

3.1. Baseline characteristics and sample 
size

Among the 6,647 participants included in our study, 3,363 
individuals (50.6%) were male. The mean chronological age (SD) of 
the sample was 58.3 (8.8) years with an average KDM-BA of 57.3 (9.2) 
years and an average PD of 0.71 (0.38) (Table  1). The Pearson 
correlation coefficients of KDM-BA and PD with CA were 0.95 and 
0.15, respectively (Supplementary Figure S2). The detailed distribution 
of BA and the correlation of BA with CA in each napping group can 
be found in Supplementary Figure S3. A total of 6,031 respondents 
were enrolled in the longitudinal analyses over a median of 7.0 years 
of follow-up (Supplementary Table S1). The original scores of 
cognitive domains during follow-up were presented in 
Supplementary Table S2.

3.2. Cross-sectional associations of 
baseline daytime napping and biological 
age measures with cognitive function

After adjusting for possible confounders, the LSM of the global 
cognitive z scores were lower in the non-napper and extended napper 

subgroups than in the moderate napper subgroup (Table 2). These 
associations were also observed in orientation function but not 
memory function and executive function (Supplementary Table S3). 
The associations of two BA measures with global cognition and z 
scores of the three domains are presented in Table 3. After adjusting 
for age and sex (Model 1), the baseline KDM-BAacc was negatively 
associated with global cognitive and memory z scores (β = −0.008, 
95% CI: −0.014, −0.002; β = −0.010, 95% CI: −0.018,-0.002), and PD 
was negatively associated with global cognition and all specific 
domains. These associations persisted after controlling for more 
covariates, except for the association of PD with memory function 
(Model 2).

3.3. Longitudinal associations of baseline 
daytime napping and biological age with 
cognitive decline

The cross-sectional analysis only assessed the status of cognition 
as measured at baseline. We further investigated how the duration of 
napping and biological age at baseline relate to cognition decline 
during the follow-up. The mean difference in the global cognitive z 
scores and the mean difference in the rate of change in global 
cognition are presented in Table  4. Non-nappers and extended 
nappers had an increased decline rate in global cognitive z scores 
compared with moderate nappers, and the multivariable-adjusted 
rates by −0.013 SD/year (95% CI: −0.024, −0.003) and − 0.020 SD/
year (95% CI: −0.036, −0.005), respectively (Table 4). However, no 
difference in the rate of decline in z scores of the three cognitive 
domains was observed between the napping duration groups 
(Supplementary Tables S4–S6). We  further adjusted for two BA 
measures and the interaction term of BAs with time in our models 
(Models 3a and 3b), indicating that higher PD was associated with 
baseline global cognitive z scores and the cognitive decline rate at 
follow-up (β = −0.011,p < 0.001) (Table 4).

3.4. The mediating effect of biological age 
measures

After adjusting for covariates, non-nappers tended to have higher 
LSM for both BA measures, indicating an advanced biological 
senescence state compared with moderate nappers. However, the 
association was not significant for the short and extended nappers 
(Table  2). Based on the results, non-nappers, but not extended 
nappers, were associated with greater BA compared with moderate 
nappers. Hence, we set the non-nappers as the treatment group and 
the moderate nappers as the control group for comparison in 
mediation analyses. Considering both greater BA measures were 
associated with cognitive function at baseline, though it was the PD, 
not the KDM-BAacc, that predicted cognitive decline during 
follow-up. This remained relevant for examining the effect of current 
KDM-BAacc on the association between napping and cognition. 
Mediation models were performed separately for the two BA 
measures. KDM-BAacc and PD mediated 2.9 and 4.7% of the napping 
duration effect on global cognition, respectively, compared to those in 
the non-napper subgroup and those who reported taking moderate 
naps (Figures 1A,B).
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3.5. Additional analysis

All respondents were dichotomized into two subgroups, non-nappers 
and nappers, cross-sectional and longitudinal analyses suggested that 
nappers were associated with higher global cognitive z scores at baseline 
(LSM =0.056, 95% CI: 0.022, 0.083) and a decreased rate of change in 
global cognitive decline (β = 0.009, 95% CI: 0.001, 0.017), compared with 
those who did not take naps (Supplementary Tables S7, S8). Furthermore, 

non-nappers were associated with higher LSM for both BA measures, 
similar to the main analysis (Supplementary Table S5). Similarly, 
mediation models were constructed, and 4.3 and 4.2% of the napping 
effect on global cognitive function was mediated by KDM-BAacc and 
PD, respectively (Figures 1C,D). In addition, we exploratory analyzed the 
nonlinear relationship between daytime napping and cognitive function 
scores, with the highest scores occurring at 60-70-min naps 
(Supplementary Figure S4). The effect of family clustering was further 

TABLE 1 Baseline characteristics of overall participants and napping duration subgroups.

Characteristics All Non-
nappers

Short 
nappers

Moderate 
nappers

Extended 
nappers

F/I2 
value

p value

(N  =  6,647) (N  =  3,017) (N  =  1,159) (N  =  1707) (N  =  764)

Age 58.3 ± 8.8 57.8 ± 8.5 58.6 ± 8.9 58.6 ± 9.1 59.1 ± 9.3 14.2 0.003

Gender (male) 3,363 (50.6) 1,337 (44.3) 586 (50.6) 996 (58.3) 444 (58.1) 105.9 <0.001

Residence (urban) 2,489 (37.4) 1,065 (35.2) 473 (40.8) 664 (38.9) 287 (37.6) 13.1 0.004

Education levela

Low 4,327 (65.1) 2062 (68.3) 698 (60.2) 1,075 (63.0) 492 (64.4)

33.8 <0.001Middle 1,681 (25.3) 699 (23.2) 335 (28.9) 441 (25.8) 206 (27.0)

High 639 (9.6) 256 (8.5) 126 (10.9) 191 (11.2) 66 (8.6)

Marital status (married) 5,675 (85.4) 2,579 (85.5) 976 (84.2) 1,484 (86.9) 636 (83.2) 7.4 0.060

BMI (kg/m2)b

<18.5 378 (5.7) 194 (6.4) 53 (4.6) 97 (5.7) 34 (4.5)

37.3 <0.001
18.5–23.9 3,446 (51.8) 1,650 (54.7) 573 (49.4) 847 (49.6) 376 (49.2)

24–28 2017 (30.3) 850 (28.2) 365 (31.5) 554 (32.5) 248 (32.5)

≥28 806 (12.1) 323 (10.7) 168 (14.5) 209 (12.2) 106 (13.9)

Current smoking 2,811 (42.3) 1,168 (38.7) 463 (39.9) 804 (47.1) 376 (49.2) 49.6 <0.001

Drinking status

Non-drinker 4,321 (65.0) 2086 (69.1) 756 (65.2) 1,024 (60.0) 455 (59.6)

59.3 <0.001Less than once a month 543 (8.2) 207 (6.9) 112 (9.7) 163 (9.5) 61 (8.0)

More than once a month 1783 (26.8) 724 (24.0) 291 (25.1) 520 (30.5) 248 (32.5)

Night sleep duration

<7 h 3,335 (50.2) 1,618 (53.6) 601 (51.9) 794 (46.5) 322 (46.9)

52.9 <0.0017-8 h 2,802 (42.2) 1,176 (39.0) 482 (41.6) 786 (46.0) 358 (42.1)

>8 h 510 (7.7) 223 (7.4) 76 (6.6) 127 (7.4) 84 (11.0)

Depressive symptomsc 1740 (26.2) 886 (29.3) 283 (24.4) 398 (23.3) 173 (22.6) 29.9 <0.001

Chronic diseases

Hypertension 1,657 (25.0) 636 (21.1) 342 (29.5) 471 (27.6) 208 (27.2) 45.5 <0.001

Diabetes 398 (6.0) 140 (4.6) 92 (7.9) 120 (7.0) 46 (6.0) 20.9 <0.001

Heart disease 776 (11.7) 303 (10.0) 180 (15.5) 213 (12.5) 80 (10.5) 26.6 <0.001

Stoke 129 (1.9) 50 (1.7) 25 (2.2) 33 (1.9) 21 (2.7) 4.15 0.245

Memory score 7.4 ± 3.3 7.2 ± 3.3 7.7 ± 3.3 7.5 ± 3.3 7.1 ± 3.2 8.1 <0.001

Orientation score 3.1 ± 1.0 3.1 ± 1.0 3.2 ± 1.0 3.2 ± 0.9 3.1 ± 1.0 34.3 <0.001

Executive score 5.8 ± 2.4 5.6 ± 2.5 5.9 ± 2.3 6.0 ± 2.3 5.8 ± 2.3 38.3 <0.001

KDM-BA 57.3 ± 9.2 56.8 ± 8.8 57.4 ± 9.3 57.6 ± 9.5 58.2 ± 9.5 14.5 0.002

PD 0.71 ± 0.38 0.73 ± 0.37 0.71 ± 0.38 0.68 ± 0.38 0.71 ± 0.38 8.4 <0.001

BMI, body mass index; ADL, activities of daily living; IADL, instrumental activities of daily living; KDM-BA, Klemera and Doubal method-biological age; PD, physiological dysregulation.
Data are expressed as mean ± standard deviation (SD) for continuous variables and as count(percentage) for categorical variables.
aLow education level was defined as elementary school or below; middle was defined as middle school, high school, and vocational school; and high was defined as an associate degree or above.
bBMI was calculated as weight in kilograms divided by height in meters squared.
cDepressive symptoms were defined as a ten-item Center for Epidemiologic Studies Depression (CES-D 10) scale score of 12 or above.
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examined in sensitivity analysis, which did not alter the significance of 
the results, confirming the robustness of our findings 
(Supplementary Table S9).

4. Discussion

In this community-based study, we observed that non-napping 
and excessive daytime napping duration (≥90 min) were associated 
with a lower cognitive performance level and faster cognitive decline 
among middle-aged and older Chinese. More importantly, we found 
that non-napping may be associated with BA acceleration and that 
acceleration is associated with cognitive function. Our findings suggest 
that two BA measures, the KDM-BAacc and PD, partially mediate the 
association between daytime napping and cognitive function.

The results of the cross-sectional and longitudinal analyses on the 
association of daytime napping with cognitive function were generally 
consistent, similar to the results of previous studies (4, 37–39). Our 
results revealed that no napping and excessive napping duration 
(≥90 min) were associated with worse cognitive function and increased 
rate of cognitive decline than moderate napping (30–90 min). 
Interestingly, irrespective of the napping duration, the overall cognitive 
function of nappers was better than that of non-nappers, and the 
parameter estimates were much larger than those grouped by napping 
duration in our main analyses. Sleep is essential for memory 
consolidation and normal brain function (40). Sleep disorders or sleep 
deprivation are linked to β-amyloid (Aβ) deposition, increased Tau, 
and interference with the function of neuronal pathways, especially 

those of GABA and cAMP, leading to AD (40, 41). Sleep is considered 
a crucial restorative process for the brain and body, contributing to the 
recovery of energy and attention, as well as cellular restoration (14).
Napping may help compensate for nighttime sleep loss, compared to 
non-nappers, moderate napping may provide extra resistance to 
cognitive decline in people who sleep poorly at night (38). On the other 
hand, excessive daytime sleepiness may be detrimental to maintaining 
cognitive function. Nevertheless, it is worth noting that the excessive 
duration cutoff value varied in previous studies, which may have 
contributed to the inconsistent results (4, 37–39).

As far as we know, our study is the first to evaluate the association 
between daytime napping, biological aging, and cognitive function in 
a large prospective cohort of community-dwelling individuals. Our 
results demonstrated that non-napping was significantly associated 
with two BA measures established by drawing information on clinical 
biomarkers from multiple systems in the human body, indicating that 
non-napping could be a potential risk factor for BA acceleration. A 
study reported that abnormal (too short or excessive) sleep is 
implicated in bigger BA, and normal night sleep duration (7-8 h) was 
associated with 0.245 years decreases in KDM-BAacc (15). Although 
a new study reported the evidence for causal effects of daytime 
napping frequency on epigenetic age, and a higher frequency of 
daytime napping was associated with epigenetic age acceleration (16), 
more evidence is required on the effects of other napping habits such 
as duration and timing. A significant association was observed 
between non-napping and increased biological age in our analyses, it 
seemingly shed light on the possibility of napping in the resistance to 
accelerated aging. However, due to the limited evidence, we believe 

TABLE 2 Cross-sectional associations of baseline napping duration with global cognitive function or biological age measures.

Napping group Global z scores KDM-BAacc PD

LSMa (95%CI) p value LSMa (95%CI) p value LSMa (95%CI) p value

Non-nappers (0 min) -0.061 (−0.106, −0.015) 0.005 0.255 (0.058,0.451) 0.007 0.085 (0.016,0.154) 0.011

Short nappers (≤ 30 min) 0.012 (−0.045,0.068) 0.899 −0.179 (−0.424,0.064) 0.202 0.031 (−0.056,0.115) 0.701

Moderate nappers (30–90 min) Reference – Reference – Reference –

Extended nappers (≥ 90 min) −0.078 (−0.143, −0.011) 0.013 0.053 (−0.226,0.333) 0.916 0.067 (−0.031,0.165) 0.257

LSM, least-squares means; KDM-BAacc, Klemera and Doubal method-biological age acceleration; PD, physiological dysregulation; CI, confidence interval.
aAfter adjusting for age, sex, education level, residence, BMI, marital status, current smoking and drinking status, night sleep duration, depressive symptoms, and self-reported chronic diseases.

TABLE 3 Cross-sectional associations of biological age measures with cognitive function.

Cognitive 
function (z 
scores)

KDM-BAacc PD

Model 1 Model 2 Model 1 Model 2

β (95%CI) p value β (95%CI) p value β (95%CI) p value β (95%CI) p value

Global
−0.008 (−0.014, 

−0.002)
0.008

−0.007 (−0.012, 

−0.001)
0.018

−0.045 (−0.062, 

−0.028)
<0.001

−0.034 (−0.050, 

−0.018)
<0.001

Memory
−0.010 (−0.018, 

−0.002)
0.013

−0.008 (−0.017, 

−0.000)
0.043

−0.034 (−0.058, 

−0.010)
0.005

−0.021 

(−0.045,0.001)
0.065

Orientation
−0.002 

(−0.011,0.005)
0.480

−0.007 

(−0.015,0.001)
0.112

−0.050 (−0.074, 

−0.026)
<0.001

−0.042 (−0.065, 

−0.018)
<0.001

Executive
−0.007 

(−0.015,0.000)
0.067

−0.007 

(−0.015,0.001)
0.102

−0.052 (−0.075, 

−0.028)
<0.001

−0.041 (−0.063, 

−0.018)
<0.001

KDM-BAacc, Klemera and Doubal method, biological age acceleration; PD, physiological dysregulation; CI, confidence interval. Model 1 was adjusted for age and sex. Model 2 was 
additionally adjusted for education level, residence, BMI, marital status, current smoking and drinking status, night sleep and napping duration, depressive symptoms, and self-reported 
chronic diseases.
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that the results should be  interpreted cautiously and that more 
objective studies are warranted to replicate our results.

People with higher values of KDM-BAacc or PD are more likely to 
experience worsening cognitive performance. These findings are 
consistent with those of previous studies (8, 10, 11). Biologically older 
individuals had poorer cognitive performance at midlife, and this 
difference mirrored a real decrease in cognitive function over time (8). 
Notably, our results suggested that the two measures revealed 
inconsistent associations with specific domains. We observed that PD 
was negatively correlated with all cognitive domains, whereas KDM-BA 
was associated only with memory function. PD appeared to be more 
predictive and sensitive to the unique aspects of cognitive function. 
One possible reason is that KDM-BA and PD were calculated by two 
different algorithms that could capture disparate characteristics of 
biomarkers and quantify the aging process differently (10, 19), although 
we selected the same set of biomarkers in our calculations.

This study provides initial evidence for using two accepted 
measures in quantifying biological age as an underlying pathway 
linking daytime napping to global cognitive function. Sleep disturbances 
and sleep deprivation could play a direct role in aging mechanisms (14). 

Current biological mechanisms linking sleep to biological aging, such 
as inflammation, mitochondrial dysregulation and epigenetic changes, 
were also thought to be  the underlying aging process for cognitive 
decline and neurological diseases, including ADRD (14, 42). Our 
results suggest that if we could intervene in changeable risk factors that 
contribute to an advanced state of biological aging, we might be able to 
improve cognitive decline even in the preclinical stage of 
AD. Furthermore, our results highlight the critical role of moderate 
daytime napping in slowing down the rate of cognitive decline and 
biological age acceleration, although the magnitude of the effect 
we observed was limited. The mediation effect sizes tended to be small 
and insignificant in the three cognitive domains of our study; however, 
we believe that this effect should not be completely ignored. Previous 
studies have suggested that inflammatory factors mediate the 
relationship between sleep-related behaviors and cognitive function 
(35); however, KDM-BA and PD, have captured clinical profiles of 
multiple organs and systems, not just inflammation systems. This is 
promising to understand further the pathways involved in the daytime 
napping effect on cognition, and our results provide statistical 
epidemiological evidence for subsequent mechanistic studies.

TABLE 4 Longitudinal associations of baseline napping duration and biological age measures with global cognitive decline.

Variable Model 1 Model 2 Model 3a Model 3b

β (95%CI) p value β (95%CI) p value β (95%CI) p value β (95%CI) p value

Napping duration, min

0
−0.108

(−0.152, −0.063)
<0.001

−0.051

(−0.095, −0.014)
0.009

−0.053

(−0.093, −0.012)
0.011

−0.051

(−0.092, −0.010)
0.013

≤ 30
0.016

(−0.040,0.072)
0.566

−0.009

(−0.060,0.041)
0.700

−0.011

(−0.061,0.040)
0.675

−0.009

(−0.059,0.042)
0.734

30–90 Reference – Reference – Reference – Reference –

≥ 90
−0.084

(−0.147, −0.019)
0.011

−0.081

(−0.140, −0.027)
0.007

−0.080

(−0.141, −0.026)
0.008

−0.080

(−0.140, −0.025)
0.005

Time since 

baseline (years)

−0.060

(−0.068, −0.052)
<0.001

−0.058

(−0.066, −0.050)
<0.001

−0.058

(−0.066, −0.050)
<0.001

−0.059

(−0.068, −0.051)
<0.001

Napping duration x Time since baseline

0
−0.014

(−0.024, −0.004)
0.008

−0.013

(−0.024, −0.003)

0.012 −0.013

(−0.024, −0.003)
0.012

−0.013

(−0.023, −0.002)
0.016

≤ 30
−0.001

(−0.014, 0.012)
0.936

0.000

(−0.013, 0.013)

0.990 0.000

(−0.013, 0.013)
0.989

0.001

(−0.012, 0.014)
0.923

30–90 Reference – Reference – Reference – Reference –

≥ 90
−0.021

(−0.036, −0.006)
0.006

−0.020

(0.034, −0.005)
0.007

−0.020

(−0.035, −0.005)
0.008

−0.019

(−0.034, −0.004)
0.012

KDM-BAacc
– – – – −0.007

(−0.013, −0.001)
0.024

– –

KDM-BAacc x 

Time since 

baseline

– – – –
−0.001

(−0.003,0.000)
0.082

– –

PD
– – – – – – −0.027

(−0.044, −0.010)
0.002

PD x Time since 

baseline

– – – – – – −0.011

(−0.016, −0.007)
<0.001

KDM-BAacc, Klemera and Doubal method, biological age acceleration; PD, physiological dysregulation; CI, confidence interval. Model 1 was adjusted for age and sex. Model 2 was 
additionally adjusted for education level, residence, BMI, marital status, current smoking and drinking status, night sleep duration, depressive symptoms, and self-reported chronic diseases 
based on Model 1. Model 3a was additionally adjusted for KDM-BAacc, based on Model 2. Model 3b was additionally adjusted for PD, based on Model 2.
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A strength of our study was the large population size of the 
Chinese community-based population, which allowed us to obtain 
sufficient blood data for biological age estimation. In addition, 
we  used parallel analyses of two conceptually diverse composite 
biological age measures that had been previously trained and 
validated in the same sample (19), which enhanced the robustness 
of our conclusions. However, our study also had some limitations. 
Firstly, the measure of cognition used in this study is rudimentary 
when compared to a complete neuropsychological evaluation, 
although the abbreviated nature of the study’s cognitive evaluation 
made it practical to assess such a large sample size. Secondly, this 
study is only limited to the investigations of naps taken after lunch. 
Other dimensions like frequency and complete range of nap timing 
throughout the day were lacking. Third, self-reported information 
may not accurately capture unintentional naps or forgotten napping 
instances, which led to more credible information not being available 
for our study. Future studies would benefit from including more 
reliable and objective measures. Furthermore, while we adjusted for 
several covariates in our models, there may still be some potential 
confounders, such as sleep quality, night shifts (which may lead to 
longer and more frequent daytime naps), work status and ApoE 
genotypes. A genome-wide association study revealed strong 
associations between two well-established approaches to BA 
estimation and ApoE (43). In addition, participants might alter their 
napping behavior at follow-up, which deserves to be followed in the 
future. Finally, we could not completely rule out reverse causality, a 
published study found a bidirectional relationship between daytime 
napping and Alzheimer’s dementia, and the complicated mechanisms 
involved need to be further investigated (44).

In summary, we discovered the association between napping, 
aging, and cognitive function among a nationally representative 
sample of middle-aged and older Chinese individuals. The 
significant mediation effect revealed a pathway from napping to 
cognitive decline through the acceleration of biological age. Our 
study underscores that daytime napping could work as an early 
sign or risk factor for biological aging and clinically significant 
cognitive impairment. The findings highlight that daytime napping 
behavior, as a lifestyle, is a cost-effective intervention that can 
be easily promoted to middle-aged and older populations. Future 
research with more objective measures of napping behaviors and 
more methods to quantify biological age is required to validate 
our findings.
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FIGURE 1

The mediating role of biological age in the association between napping and global cognitive function. KDM-BAacc, Klemera and Doubal method-
biological age acceleration; PD, physiological dysregulation; CI, confidence interval; DE, direct effect; IE, indirect effect; PM, proportion-mediated. 
(A,B) show the mediating effects of biological age in main analyses, (A) for KDM-BA and (B) for PD. (C,D) show the mediating effects of biological age 
in additional analysis, (C) for KDM-BA and (D) for PD. Model after adjusting for age, sex, education level, residence, BMI, marital status, current smoking 
and drinking status, night sleep duration, depressive symptoms, and self-reported chronic diseases.
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Background: Square dance is gaining increasing popularity among middle-aged 
and older Chinese women who are also at high risk of sleep disturbance. Although 
previous studies have shown exercise could improve sleep quality, the association 
between square dance and sleep quality remains to be discussed, and even less is 
known about the potential mechanism underlying this association.

Purpose: This study aims to investigate the relationship between square dance 
and sleep quality and test if social support and depressive symptoms together 
play a serial mediating role in the influence of square dance on sleep quality.

Methods: A cross-sectional study was conducted among 549 middle-aged and 
older Chinese females from September to December 2020  in Shao Yang City, 
Hunan Province of China, with ethics approval granted (SYU [2020]002). Square 
dance involvement was assessed by three questions about the time participants 
spent in square dance. Social support, depressive symptoms, and sleep quality 
were measured using the Pittsburgh Sleep Quality Index (PSQI), Social Support 
Self-Rating Scale (SSRS), and 9-item Patient Health Questionnaire (PHQ-9), 
respectively. The serial mediation model was analyzed by the bootstrapping 
method to assess whether social support and depressive symptoms mediate the 
relationship between square dance and sleep quality.

Results: Two-thirds of the participants had high involvement in square dance 
and most reported a moderate and high level of social support (98.54%). The 
prevalence of depressive symptoms and sleep disturbance was 19.49 and 26.78%, 
respectively. The serial mediation model showed a significant association between 
square dance and sleep quality, which was fully mediated by social support and 
depressive symptoms in a serial model (total effect c  =  −0.114, 95%CI  =  −0.227 to 
−0.001; direct effect c’  =  −0.036, 95% CI  =  −0.138 to 0.065; total indirect effect 
ab  =  −0.077, 95% CI  =  -0.139 to-0.016).

Conclusion: Our study extends the understanding of how square dance is 
associated with sleep quality through the serial mediating roles of social support 
and depressive symptoms. It provides crucial implications for developing square 
dance interventions to improve sleep quality among middle-aged and older 
Chinese females.
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1 Introduction

Square dance, also known as grannies’ dance, is a spontaneous 
group leisure activity consisting of music, a dance leader, and a 
group of dancers (1, 2). The square dance usually occurs in public 
spaces such as squares, parks, playgrounds, courtyards, or 
recreation areas during the night when people are at leisure (3). 
The forms of square dance are diverse and easy to learn, ranging 
from gymnastic exercises to disco, folk dance, and modern dance 
(4). As a physical exercise that combines fitness and entertainment, 
square dance has gained increasing popularity in China, with an 
estimated 100 million everyday practitioners (4). It has 
significantly contributed to China’s increased prevalence of 
physical activity to prevent non-communicable chronic diseases 
(NCDs) and improve health (5, 6). Square dance is prevalent 
among middle-aged and older Chinese women who are in a life 
stage of facing multiple challenges, such as deterioration of 
physiological function after menopause, loss of socioeconomic 
status after retirement, social isolation, and bereavement and has 
been recommended as an effective tool to help them go through 
these life challenges (7).

The beneficial roles of square dance in promoting human 
health have been well-documented, with abundant evidence 
showing its health-promoting effects in terms of physical, mental, 
and social wellbeing (5). As a moderate-intensity exercise, square 
dance has been shown to significantly reduce body mass index 
and decrease the risk of obesity-related NCDs such as coronary 
heart disease, hypertension, diabetes, and stroke (8). It also 
enhances muscle strength, promotes body balance, and 
strengthens immunity functioning (5, 9). Regarding mental 
benefits, both observational and interventional studies have 
demonstrated that square dance could significantly reduce 
depressive symptoms, improve quality of life, and promote 
subjective wellbeing (10, 11). As for social benefits, square dance 
aligns with the Chinese collectivist culture and dramatically 
enhances social interaction (12), which helps alleviate social 
isolation and loneliness in the context of the rapidly aging 
population (13). Research indicated that square dance could 
significantly expand participants’ social network, increase social 
support, foster self-actualization, improve intergenerational 
communication, and enhance family cohesion, contributing to a 
healthier social life (14, 15).

Sleep disturbance, characterized by persistent inability to fall 
asleep or maintain sleep, is a significant public health problem 
affecting over 10% of the worldwide population (16, 17). The 
prevalence of sleep disturbance increases with age and is especially 
common among middle-aged and older women during and after 
the menopause transition, with a reported prevalence ranging 
from 40 to 60% (18, 19). Sleep disturbance has deleterious effects 
on physical and mental health, leading to impaired metabolic, 

endocrine, and immune systems, increased risk of psychological 
distress, and low levels of quality of life (20). Previous studies have 
demonstrated multilevel risk factors of sleep disturbance, 
including demographic (e.g., older age and female), behavioral 
(e.g., lower physical activity levels), psychological (e.g., depressive 
symptoms), and social factors (e.g., social isolation and lack of 
social support) (21). Specifically, lack of physical activity has been 
identified as the most modifiable factor that affects sleep quality 
among middle-aged and older people, with abundant evidence 
showing significant correlations between physical inactivity with 
depression, cognition, the aging process, and sleep disturbance 
(22–25). A recent literature review and meta-analysis also 
demonstrated significant positive effects of exercise training on 
sleep quality in middle-aged and older adults (20). However, few 
studies have focused on the effect of square dance on sleep quality 
among middle-aged and older Chinese females, and even less is 
known about the mechanism connecting square dance to sleep 
quality. Despite solid evidence showing that low social support 
and depressive symptoms were risk factors for sleep disturbance, 
and that square dance could improve social support and decrease 
depressive symptoms, no study has ever connected square dance 
and sleep quality through the mediation roles of social support 
and depressive symptoms.

The current study aims to fill those gaps by studying the 
mechanisms by which square dance impacts sleep quality in middle-
aged and older Chinese females. Based on previous research regarding 
the significant associations among square dance, social support, 
depressive symptoms, and sleep disturbance, this study hypothesized 
that square dance indirectly reduces the risk of sleep disturbance 
through social support and depressive symptoms in two separate serial 
mediation models. Serially, we hypothesized that higher involvement 
in square dance would be associated with higher levels of social support 
and, in turn, fewer depressive symptoms, thus decreasing the risk of 
sleep disturbance. Therefore, we proposed the following hypotheses.

Hypothesis 1. There is an association between square dance and 
sleep disturbance (total effect c);

Hypothesis 2. There is a specific indirect effect of square dance on 
sleep disturbance through social support (indirect effect a1b1);

Hypothesis 3. There is a specific indirect effect of square dance on 
sleep disturbance through depressive symptoms (indirect 
effect a2b2);

Hypothesis 4. There is a serial multiple mediation effect of square 
dance on sleep disturbance through social support and then 
through depressive symptoms (serial or cascading indirect 
effect a1a3b2).
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2 Methods

2.1 Participants

Data were collected from a cross-sectional questionnaire survey 
conducted from September to December 2020  in Shaoyang City, 
Hunan Province of China. The target population was middle-aged and 
older females who regularly participated in the square dance between 
18:00–21:00  in Shaoyang City. The sample size was calculated 
according to the form for cross-sectional study: n = z (2) P (1− P)/E2, 
where P (the prevalence of sleep disturbance) was estimated at 40% 
based on past studies (18, 19), Z was set as 1.96 at a confidence interval 
of 95%, and the allowable error was set as 5%. Considering a rejection 
or loss-to-follow-up rate of 20%, we expanded our final sample size to 
461. In order to get a sample that is as representative of all rural 
residents of Shaoyang City as possible, a two-stage random cluster 
sampling method was adopted to recruit participants. In the first stage, 
one district (Daxiang District) was randomly selected from 3 districts 
of Shaoyang City. In the second stage, 40 communities and villages in 
Daxiang District were randomly selected out of 97 communities and 
villages. Inclusion criteria were: (1) aged ≥40, (2) female, (3) living in 
the community for more than 3 months, (4) performing regular square 
dance for more than 3 months with fewer than 7 days of 
non-performing gap, (5) with normal cognitive ability and literacy to 
complete questionnaire survey, (6) agreeing to participate in the study 
with informed consent. Exclusion criteria were: (1) not living in the 
community during the research period, (2) having difficulty in 
communication due to severe physical or mental illness. A final 
sample of 549 females was recruited, which satisfies our sample 
size requirement.

2.2 Procedure

Ethics approval was granted by the Ethics Review Committee of 
Shaoyang College (SYU [2020]002). Data were collected by a research 
team composed of 10 college students from the Music and Dance 
Academy of Shaoyang College. The research team received unified and 
standardized training combining lecture and role-play practice on 
questionnaire interviews prior to the formal investigation. The 
research team approached the participants in each square during the 
night when they were performing square dance and explained the 
purpose and procedure of the study in detail to each interested 
participant. After providing written informed consent, the eligible 
participants were invited to complete a battery of questionnaires. 
Considering most participants were middle-aged and older people 
who may have difficulty reading and filling in the questionnaires by 
themselves, the research team conducted face-to-face interviews with 
the participants and then filled in the questionnaires for the 
participants. The answers were then checked by a quality control 
person on the spot to ensure integrity, accuracy, and consistency.

2.3 Measures

2.3.1 Square dance involvement
Square dance involvement was assessed by three questions 

asking about the time participants spent in square dance. The first 

question asked how many years participants had been involved with 
square dance, with optional answers ranging from 1 (less than 
1 year) to 5 (more than 10 years). The second question asked how 
often participants performed square dance, with optional answers 
ranging from 1 (less than once a month) to 5 (almost every day). The 
third question asked about the average length of each square dance 
session, with optional answers ranging from 1 (less than 10 min) to 
5 (more than 60 min). A total involvement score was calculated by 
summing up the three question scores and ranged from 3 to 15, with 
a higher score indicating higher involvement in square dance.

2.3.2 Sleep quality
Sleep quality was measured using the Pittsburgh Sleep Quality 

Index (PSQI), which is the most commonly used standardized self-
administered scale to assess sleep quality and sleep disturbance over 
the previous month (26). Ever since its development in 1989, the 
PSQI has been translated into over 50 languages and validated in both 
clinical and non-clinical populations across cultures (27). It has been 
widely accepted as a useful instrument for assessing sleep disturbance 
associated with psychological distress. The PSQI includes 19 items 
under seven clinically derived domains of sleep difficulties: sleep 
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep 
disturbances, use of sleeping medications, and daytime dysfunction. 
Each domain has a range of 0–3 points, with 0 points indicating no 
difficulty and 3 points indicating severe difficulty. The total score 
ranges from 0 to 21, with a higher score representing higher sleep 
difficulty. The PQSI was first translated into Chinese by Liu et al. (28) 
in 1996 and has shown good reliability and validity in Chinese 
populations (29, 30). A PSQI score greater than seven was deemed 
sleep disturbance in the Chinese population (28). In the current 
study, the PSQI showed good internal consistency with a Cronbach 
α of 0.82.

2.3.3 Social support
Social support was measured using the Social Support Self-Rating 

Scale (SSRS) developed by Xiao (31) to assess multiple dimensions of 
social support and is one of the most commonly used social support 
scales in China. It consists of 10 items under three dimensions: 
subjective support (4 items), objective support (3 items), and support 
utilization (3 items). Items 1–4 and 8–10 are scored from 1 to 4 points. 
Item 5 includes four support sources, and each source is scored from 
1–4 points, leading to a total score of 4–20 points. Items 6 and 7 are 
scored from 0 to 9 points depending on the nine sources of support. 
The total support score ranges from 12 to 66, with a higher score 
indicating a higher level of social support, which is further classified 
into three categories: low (≤22), moderate (23–44), and high (≥45) 
levels of support. In the current study, the SSRS showed good internal 
consistency with a Cronbach α of 0.75.

2.3.4 Depressive symptoms
Depressive symptoms were measured using the 9-item Patient 

Health Questionnaire (PHQ-9) (32) to assess nine depressive 
symptoms during the past 2 weeks. Each item is rated on a 4-point 
Likert scale from 0 (not at all) to 3 (nearly every day). The total score 
ranges from 0 to 27, with a higher score implying more depressive 
symptoms, cutoffs of 5, 10, 15, 20 for each level of depression, and a 
cutoff point of 10 differentiating between depression and 
non-depression (33, 34). The PHQ-9 showed good reliability with a 
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Cronbach’s alpha of 0.89 in the original study (32). The PHQ-9 was 
first translated into Chinese by Yeung et al. (35) in 2008 and proved to 
be a reliable and valid measure of depression. In the current study, the 
PHQ-9 showed good internal consistency, with a Cronbach’s alpha 
of 0.90.

2.3.5 Covariates
To account for observable potential confounding effects of 

sociodemographic variables, we collected the following variables as 
covariates in the fully adjusted models: age, race (ref: Han), education 
(ref: primary and below), employment (ref: not employed), income 
(ref:<4,000), marital status (ref: not married), illness (ref: no), 
hospitalization (ref: no), and medical insurance (ref: no).

2.4 Statistical analyses

Descriptive and correlation analyses were conducted using 
Stata v.15 (36) for all variables. Continuous variables were 
presented by means and standard deviations while categorical 
variables were described by frequencies and proportions. Pearson’s 
Product Moment correlation analysis was performed to examine 
the associations among the four variables: square dance 
involvement, social support, depressive symptoms, and sleep 
disturbance. A correlation coefficient of 0.80 and above indicates 
multi-collinearity (37).

The serial mediation analysis was carried out using SPSS 
PROCESS v.4.3 macro (Model 6) (38). A serial mediation model 
proposes that one mediator affects another mediator, such that square 
dance involvement (X) could increase social support (mediator 1), 
which could decrease depressive symptoms (mediator 2), thus 
alleviating sleeping disturbance (Y). The total effect of X on Y is 
denoted as c, which includes one direct effect represented by path c′ 
and three indirect effects: (1) through social support alone (a1b1), (2) 
through depressive symptoms alone (a2b2), and (3) through social 
support and depressive symptoms in successive order (a1a3b2) (this 
is shown in Figure 1). In our analyses, we controlled for age, race, 
education, employment, income, marital status, illness, hospitalization, 
and medical insurance. A bootstrapping method based on 5,000 
samples was used to determine the significance of mediators, assessing 
indirect, direct, and total effects of square dance involvement on sleep 
disturbance. For this model, an effect was considered significant if its 
95% bootstrap confidence interval did not include zero (38).

3 Results

3.1 Descriptive statistics

Table  1 displays the sociodemographic characteristics of 
participants and descriptive statistics of all study variables. Participants 
had a mean age of 48.16 years (SD = 7.78). Most participants were of 

FIGURE 1

Schematic of an (in)direct effects serial mediation model for the relationship of square dance involvement and sleep disturbance with social support 
and depressive symptoms. a1  =  direct effect of square dance involvement on social support; a2  =  direct effect of square dance involvement on 
depressive symptoms; a3  =  direct effect of social support on depressive symptoms; b1  =  direct effect of social support on sleep disturbance; b2  =  direct 
effect of depressive symptoms on sleep disturbance; c  =  total effect of square dance involvement on sleep disturbance not accounting for social 
support and depressive symptoms; c’  =  direct effect of square dance involvement on sleep disturbance accounting for social support and depressive 
symptoms. For specific total indirect effect results, refer to Table 3. *p  <  0.05, **p  <  0.01, ***p  <  0.001.

TABLE 3 Total, direct, and indirect effects of square dance involvement on sleep disturbance.

Path B SE LLCI ULCI

Total effect (c) −0.1136 0.0576 −0.2268 −0.0005

Direct effect (c’) −0.0364 0.0512 −0.1375 0.0648

Total indirect effects (ab) −0.0773 0.0314 −0.1390 −0.0162

Square dance → social support → sleep disturbance (a1b1) −0.0216 0.0144 −0.0458 −0.0038

Square dance → depressive symptoms → sleep disturbance (a2b2) −0.0296 0.0267 −0.0841 −0.0208

Square dance → social support → depressive symptoms → sleep 

disturbance (a1a3b2) −0.0261 0.0084 −0.0437 −0.0100

Number of bootstrap samples for bias-corrected bootstrap CIs: 5,000. CI, confidence interval; LLCI, low limit confidence interval; ULCI, upper limit confidence interval.
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Han nationality (94.35%), employed (61.02%), and married (88.34%). 
The majority of participants had a middle and high school education 
(57.38%), a monthly income of ≤4,000 yuan (68.12%), and medical 
insurance (81.06%). Forty-one (7.47%) reported having a physical 
illness, and 90 (16.39%) had been hospitalized.

The mean total score of square dance involvement was 9.19 ± 2.14. 
Most participants had been involved in square dance for less than 
3 years (65.94%). Most went to square dance at least three times per 
week (67.94%) for 20–60 min each time (66.67%). The mean score of 
SSRS was 41.78 ± 7.54. Most participants reported having a moderate 
(61.38%) or high (37.16%) level of social support. The prevalence of 
depressive symptoms was 19.49% (n = 107) with a mean PHQ-9 score 
of 5.40 ± 1.93. Prevalence of depression at a mild level (PHQ-9 ≥ 5, 
PHQ-9 < 10), moderate level (PHQ-9 ≥ 10, PHQ-9 < 15), and severe 
level (PHQ-9 ≥ 15) was 30.05%, 15.85%, and 3.65%, respectively. The 
prevalence of sleep disturbance was 26.78% (n = 147), with a mean 
global PSQI score of 5.94 ± 2.78.

3.2 Correlations on the key variables

Table 2 shows the correlation coefficients among the key variables 
by Pearson’s Product Moment correlation analysis. All the correlations 
were statistically significant in the predicted directions and did not 
exceed the recommended cut-off for multi-collinearity (r > 0.80) (37). 
Specifically, square dance involvement was positively correlated with 
social support (r = 0.35, p < 0.001) and negatively correlated with 
depressive symptoms (r = −0.32, p = 0.007) and sleep disturbance 
(r = −0.29, p = 0.027). Sleep disturbance was positively correlated with 
depressive symptoms (r = 0.46, p < 0.001) and negatively correlated 
with social support (r = −0.27, p < 0.001). Both mediators, social 
support and depressive symptoms, were negatively associated with 
each other (r = −0.31, p < 0.001).

3.3 Serial-mediation model analysis

Figure 1 and Table 3 show the total, direct, and indirect effects of 
square dance involvement and sleep disturbance through social 
support and depressive symptoms.

Confirming hypothesis 1, the association between square dance 
involvement and sleep disturbance after controlling for covariates was 
statistically significant (total effect c = −0.114, 95%CI = −0.227 to 
−0.001), indicating higher square dance involvement was associated 
with less sleep disturbance. The combined contribution of square 
dance involvement and covariates explained 14.2% of the total 
variance. However, the association between square dance involvement 
and sleep disturbance was not statistically significant when mediators 
(social support and depressive symptoms) were added (direct effect 
c’ = −0.036, 95% CI = −0.138 to 0.065), indicating a significant full 
mediation effect by the mediators. Square dance involvement was 
unrelated to sleep disturbance, independent of the effect of social 
support and depressive symptoms. The total indirect effect of square 
dance involvement on sleep disturbance was significant (ab = −0.077, 
95% CI = −0.139 to −0.016).

Confirming hypothesis 2, The indirect effect of square dance 
involvement on sleep disturbance through social support was 
significant (a1b1 = −0.022, 95% CI: −0.046 to−0.004), indicating that 

TABLE 1 Sample characteristics (n  =  549).

Variable Mean (SD)/N 
(%)

Demographical characteristics

Age M (SD) 48.16 (7.78)

Race Han 518 (94.35)

Non-Han 31 (5.65)

Education Primary school and 

below 103 (18.76)

Middle and high school 315 (57.38)

College and above 131 (23.86)

Employment Not employed 214 (38.98)

Employed 335 (61.02)

Monthly income ≤4,000 374 (68.12)

>4,000 175 (31.88)

Marital status Not married 64 (11.66)

Married 485 (88.34)

Physical illness No 508 (92.53)

Yes 41 (7.47)

Hospitalization No 459 (83.61)

Yes 90 (16.39)

Medical insurance No 104 (18.94)

Yes 445 (81.06)

Square dance involvement M (SD) 9.19 (2.14)

Square dance length (years) <1 152 (27.69)

1–3 210 (38.25)

3–5 121 (22.04)

5–10 44 (8.01)

>10 22 (4.01)

Square dance frequency Less than once a month 20 (3.64)

2–3 times per month 33 (6.01)

1–2 times per week 123 (22.40)

3–5 times per week 267 (48.63)

Almost every day 106 (19.31)

Square dance session 

(minutes)

<10 31 (5.65)

11–20 94 (17.12)

21–30 203 (36.98)

31–60 163 (29.69)

>60 58 (10.56)

Social support M (SD) 41.78 (7.54)

Low 8 (1.46)

Moderate 337 (61.38)

High 204 (37.16)

Depressive symptoms M (SD) 5.40 (1.93)

No 442 (80.51)

Yes 107 (19.49)

Sleep disturbance M (SD) 5.94 (2.78)

No 402 (73.22)

Yes 147 (26.78)
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those who had higher square dance involvement had higher social 
support (a1 = 0.54, p < 0.001), which in turn was associated with lower 
sleep disturbance (b1 = −0.04, p = 0.009). The indirect effect of square 
dance involvement on sleep disturbance through depression was 
significant (a2b2 = −0.030, 95% CI: −0.046 to−0.004), indicating that 
those who had higher square dance involvement had lower depressive 
symptoms (a2 = −0.12, p < 0.001), which in turn was associated with 
lower sleep disturbance (b2 = 0.25, p < 0.001), confirming hypothesis 
3. Finally, the indirect effect of square dance involvement on sleep 
disturbance through social support and depressive symptoms serially 
was significant (a1a3b2 = −0.026, 95% CI = −0.044 to −0.010). Thus, 
hypothesis 4 was also confirmed. Those with higher square dance 
involvement had a higher level of social support (a1 = 0.54, p < 0.001), 
which was associated with fewer depressive symptoms (a3 = −0.20, 
p < 0.001), and which, in turn, was associated with less sleep 
disturbance (b2 = 0.25, p < 0.001). Among the three mediation paths, 
depressive symptoms account for the largest proportion of the 
mediation effect (38%), followed by social support and depressive 
symptoms serially (34%) and social support (28%).

4 Discussion

4.1 Summary of the findings

Square dance is a popular leisure activity for middle-aged and 
older Chinese women. It has been documented to produce 
physical, mental, and social benefits to help them overcome life 
challenges. Sleep disturbance is common among middle-aged and 
older women and is affected by multilevel risk factors, including 
demographic, behavioral, psychological, and social factors. 
Although physical activity has been shown to improve sleep 
disturbance, few studies have exclusively investigated the impact 
of square dance on sleep disturbance among middle-aged and 
older Chinese women. Although both square dance and sleep 
disturbance were associated with social support and depressive 
symptoms, no study has connected square dance with sleep 
disturbance through social support and depressive symptoms. The 
main aim of our study was to test if there was a relationship 
between square dance and sleep disturbance and if social support 
and depressive symptoms together play a serial mediating role in 
the influence of square dance on sleep disturbance among middle-
aged and older Chinese women.

To the best of our knowledge, this was the first study to investigate 
the relationship between the variables using the serial mediation 
model. As expected, our results showed that square dance was 
significantly associated with sleep disturbance, and the effect was fully 

mediated by social support and depressive symptoms. In addition, 
social support and depressive symptoms played a serial mediating role 
in the influence of square dance on sleep disturbance. Our findings 
provide significant insights into square dance’s beneficial role and 
underlying mechanism in improving sleep quality among middle-
aged and older Chinese women.

4.2 Square dance and sleep disturbance

The square dance participant profile was consistent with a 
48-year-old married, employed woman with a middle-level 
education who went to square dance at least three times per week 
for 20–60 min each time in the past 3 years. The prevalence of sleep 
disturbance assessed by the PSQI in the current study was 26.78%, 
much lower than the reported 40–60% among middle-aged and 
older females in previous studies (18, 19). This indicates that 
participation in square dance could improve sleep quality, which is 
further supported by the statistically significant association between 
square dance involvement and sleep quality score, showing a 
significant total effect. Our findings further confirm hypothesis 1 
and validate the beneficial role of square dance in mitigating sleep 
disturbance and promoting sleep quality. This result is consistent 
with a previous literature review demonstrating that exercise could 
improve sleep quality in middle-aged and older adults (20). It 
indicates that square dance can be recommended as an alternative 
to other exercise programs to improve sleep. One finding suggests 
that the development and popularization of square dance 
intervention programs may be a cost-effective way to improve sleep 
quality among middle-aged and older females. As square dance has 
shown significant positive effects in relieving psychological distress 
and improving quality of life in previous interventional studies (10), 
future interventional studies are warranted to test its effect on sleep 
quality further.

4.3 The serial mediating effect of social 
support and depressive symptoms

Our study showed a surprisingly high level of social support 
among square dance participants, with 98.54% of participants 
reporting moderate and high levels of social support, implying that 
square dance could potentially improve social support. The prevalence 
of depressive symptoms in our study was 19.49%, which was much 
lower than the reported 38.37% among middle-aged and older 
Chinese women in a national study (39). This may be explained by the 
high social support level of participants who performed square dance 

TABLE 2 Pearson’s correlations among study variables.

Study variables 1 2 3 4

1. Square dance involvement 1

2. Social support 0.35*** 1

3. Depressive symptoms −0.32** −0.31*** 1

4. Sleep disturbance −0.29* −0.27*** 0.46*** 1

*p < 0.05, **p < 0.01, ***p < 0.001.
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regularly, as social support is a well-established protective factor to 
combat depressive symptoms. These findings were further echoed in 
the serial mediation analysis showing a full mediation effect of social 
support and depressive symptoms. The direct effect of square dance 
on sleep disturbance was non-significant after adding the two 
mediators: social support and depressive symptoms. Square dance 
does not directly improve sleep quality but indirectly through 
improved social support and decreased depressive symptoms, both 
separately and serially, further confirming hypotheses 2–4.

Square dance has been shown to promote social integration by 
providing opportunities for participants to know more people and 
develop friendships, strengthening both objective and subjective 
social support (12). Social support is a well-demonstrated protective 
factor in reducing and preventing depressive symptoms, which has 
been widely and consistently reported in numerous studies (40). 
Higher levels of social support are also associated with improved 
sleep quality, as evidenced by a recent meta-analysis (41). In 
addition, our study showed that depressive symptoms were 
significantly related to sleep disturbance, which was in line with 
previous literature showing a high correlation between depression 
and sleep disturbance (42). The associations between square dance, 
social support, depressive symptoms, and sleep quality may also 
be explained by several physiological mechanisms. Square dance 
may promote mental health and sleep by altering the body’s 
pro-inflammatory factors, sleep–wake rhythms, and 5-HT levels (24, 
25, 43). Square dance may also induce the secretion of dopamine, 
which increases the individual’s experience of pleasure and reduces 
stress and negative emotions (24, 25, 43). In summary, our study was 
consistent with previous studies and showed that square dance could 
increase social support, which could reduce depressive symptoms 
and, in turn, decrease sleep disturbance. These findings have 
important implications for designing and implementing square 
dance interventions to improve sleep quality among middle-aged 
and older Chinese females, with a particular focus on improving 
social support and decreasing depressive symptoms.

4.4 Limitations

This study has several limitations, which may motivate future 
research. First, the cross-sectional study design may preclude causal 
inference among the study variables, which needs to be further tested 
in future longitudinal study designs. Second, square dance 
involvement was assessed by three self-designed questions based on 
frequency and duration, which may not fully capture other aspects of 
square dance involvement, such as the degree of satisfaction, 
happiness, and passion. The development of a comprehensive and 
psychometrically sound scale to measure square dance involvement is 
warranted in future studies. Third, study participants were selected 
from one district of Shaoyang City, which may not represent 
participants from other districts or other cities of China. Future 
studies may consider recruiting a national-level sample to get a 
complete picture and compare the geographic differences in square 
dance and sleep disturbance. Fourth, we did not include many other 
factors that may affect our results, such as medication, drinking, 
smoking, BMI, and chronic illness, which have been shown to 
significantly affect sleep quality and depression by accumulating 

evidence (44–47). In addition, we did not collect further information 
about participants’ social networks (such as the number of friends/
family members) and engagement in other activities (such as sports, 
arts, and social clubs), which may also affect their social support. 
Future studies should consider adding these factors for a more 
comprehensive understanding of anthropometric and lifestyle 
characteristics’ effects on the relationship between square dance and 
sleep disturbance. Specifically, the influence of short sleep on mental 
health is an important topic that warrants further studies, as recent 
publications have shown that short sleep is another emerging issue, 
and physical exercise could mitigate the influence of short sleep on 
cognition (43, 48).

5 Conclusion

In sum, this study confirms the significant association between 
square dance and sleep quality among middle-aged and older Chinese 
females, and this association was fully mediated by social support and 
depressive symptoms in a serial model. People with higher square 
dance involvement have higher levels of social support, which in turn, 
are associated with fewer depressive symptoms, thus leading to less 
sleep disturbance. Our study extends the understanding of how square 
dance is associated with sleep quality through the serial mediating 
roles of social support and depressive symptoms. These results provide 
important research and practical guidance in developing square dance 
interventions to improve the sleep quality of middle-aged and older 
Chinese females.
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Objectives: Older adults become more inactive and frailer with aging. Physical

status is closely linked to mental health, but it is unclear which physical indicator is

more strongly associated with depressive symptoms in older adults. The present

study aimed to compare relationships between self-reported physical activity,

physical frailty (muscle mass, muscle strength, and gait ability) and depressive

symptoms in community male and female older adults.

Methods: A total of 1,180 adults aged 60 years and older were recruited to

participate in this study from a Chinese community receiving annual check-

up service from September 2018 to May 2019. Physical activity was assessed

by the International Physical Activity Questionnaire (IPAQ). The Bio-electrical

Impedance Analyzer was used to determine the muscle mass. As the indicators

of muscle function, grip strength and gait ability were assessed by the

dynamometer and Timed Up and Go Test (TUGT), respectively. The 15-item

version of Geriatric Depression Scale (GDS-15) was used to examine depressive

symptoms. Demographic variables, health status and sleep quality were collected

using questionnaire.

Results: 11.8% men and 11.9% women reported depressive symptoms. Logistic

regression showed that depressive symptoms was associated with low grip

strength (OR = 2.42, 95% CI: 1.04–5.63), slow gait ability (OR = 3.60, 95% CI:

1.28–10.13) in older males, and associated with low level of self-reported physical

activity (OR = 3.85, 95% CI: 2.00–7.42) in older females. No significant association

was found between muscle mass and depressive symptoms.

Conclusion: There were gender di�erences in the relationship between physical

activity, physical frailty, and depressive symptoms. Grip strength and gait ability

may be a better indicator of frailty for predicting depressive symptoms in older

men while physical activity may be useful in predicting depressive symptoms in

older women.
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physical activity, physical frailty, grip strength, depressive symptoms, older adults
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1 Introduction

It is well established that the health of body and mind are

inextricably linked (1, 2). Older adults become more inactive and

frailer with aging, and their psychological problems become more

prominent (3). Previous studies have explored the relationship

between physical status and depressive symptoms in older adults,

while there are still some disagreements in the results using

different indicators.

Mental health benefits conferred by physical activity are

wildly recognized (4). In cross-sectional studies, researchers have

found that insufficient physical activity predispose older adults

to depressive symptoms and vice versa (5, 6). Longitudinal study

also provided increasing clarity on the benefits of physical activity,

showed that the odds of incident depression were 23% lower

by meeting physical activity guidelines (7). Only a few previous

studies failed to find the benefits of physical activity, and this may

come from improper evaluation tools which easily exaggerate the

amount of exercise (8). However, based on the gender differences in

biological structure and function and in physical activity preference

and attraction across the lifetime, some scholars began to pay

attention to the gender difference in health benefits derived from

physical activity (9). For example, it was found that the reduction

of vigorous physical activity was associated with increased odds

for depressive symptoms and higher level of recreational physical

activity was associated with less depressive symptoms among older

females, while there was no such correlation in men (10, 11).

More and more studies have linked physical frailty to higher

risk of depressive symptoms in older adults (12, 13) as well,

while associations between frailty using different indicators (such

as muscle strength, gait ability and muscle mass) and depressive

symptoms remain inconsistent. Brooks and colleagues found

that grip strength was negatively associated with depressive

symptoms among older adults in the American community (14). A

study of six low-and-middle-income countries also suggested that

adults over 50-year-old with lower grip strength suffer a higher

prevalence of depressive symptoms (15). Both cross-sectional and

longitudinal studies support this relationship in Japan (16). In

Norway, it was found that older adults with lower gait ability

suffered more depressive symptoms (17). In brief, majority of the

literature support relationships between grip strength, gait ability

and depressive symptoms, where grip strength and gait ability

represent upper and lower physical capacity respectively. However,

inconsistencies between studies raise concerns about whether there

is a correlation between muscle mass and depressive symptoms.

Wu et al. (18) found that both muscle mass and muscle strength

were negatively correlated with depressive symptoms, the result of

a national Korean study suggested no correlation between muscle

mass and depressive symptoms in any age group (19). Moreover,

there are great differences in muscle strength and muscle mass

between men and women. The physiological difference may lead to

a gender difference between frailty and depressive symptoms (20).

Therefore, the predictive effect of physical activity and physical

frailty on depressive symptoms in the older adults of different

gender remains to be examined further.

In summary, the objectives of the present study were to:

(i) investigate the association between physical activity, different

indicators of frailty (muscle strength, gait ability and muscle mass)

and geriatric depressive symptoms; and (ii) explore the possible

gender differences in these relationships.

2 Methods

2.1 Participants

The participants in this study were community-dwelling

older adults age 60 years or more. Between September 2018

and May 2019, a total of 1,180 sixty-year-olds were recruited

from the community older adults receiving annual check-up

service voluntarily at the Community Healthcare Center of

Nanyingmen street, Heping District, Tianjin. Because blood

samples were collected, the participants were instructed not to

eat or drink anything before the examination. Exclusion criteria

for participation included a history of major depression, unable

to communicate, unable to complete grip strength or walking test

(e.g., severe arthritis or surgery). A total of 1,180 older adults have

participated in this study. Since there were 55 men and 80 women

who did not have the body composition test, we interpolated the

missing value using mean values of different genders and different

age stages of the appendicular skeletal muscle mass. The study was

approved by the Ethics Committee of the Institute of Psychology of

the Chinese Academy of Sciences (IPCAS). All participants signed

an informed consent.

2.2 Measures

2.2.1 Depressive symptoms
The 15-item version of Geriatric Depression Scale (GDS-15)

was administered to all participants (21). A validation study by

Boey (22) supported the use of GDS-15 as a reliable measurement

utilized among older adults in urban China. All items in the GDS-

15 are rated by self-report and scores are summed, resulting in a

possible total score of 0–15. We defined depressive symptoms as a

score of 5 or more (23).

2.2.2 Physical activity
Physical activity was assessed using the Chinese version of

International Physical Activity Questionnaire (IPAQ), a self-report

instrument that assesses physical activity during the past seven

days (24). A total physical activity score was calculated as the

metabolic equivalent of energy per week (MET/week). MET per

week for each participant were calculated as follows: Total activity

(MET/ week) = (3.3 × walking minutes per day × walking days)

+ (4.0 × moderate activity minutes per day × moderate activity

days) + (8.0 × vigorous activity minutes per day × vigorous

activity days). There were high reliability and validity in IPAQ

for Chinese population (25). A total score below 600 MET-min/w

was coded as “low level of physical activity,” 600 to 3000 MET-

min/w was coded as “moderate level of physical activity,” and

above 3000 MET-min/w was coded as “high level of physical

activity” (26).
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2.2.3 Physical frailty
Physical frailty was indicated by muscle strength, muscle

mass and gait ability. Muscle strength of the dominant hand

was performed with a hand-held dynamo-meter (GRIP-D; Takei,

Niigata, Japan), since grip strength is closely related to total body

strength and widely used to evaluate the muscle strength in older

participants (27). The highest value from 3 trials in a standing

position was used in the analysis.

The calculation of the muscle mass index was performed by

dividing the appendicular skeletal muscle mass (ASM) by the body

weight (ASM/ wt), differences related to height, sex, age and race

were eliminated when using body weight as the denominator (28).

The Bio-electrical Impedance Analyzer (INBody 720; Biospace

Co., Ltd, Seoul, Korea) was used to determine the ASM, while

participants standing on 2metallic electrodes and heldmetallic grip

electrodes. Muscle strength and muscle mass have been distributed

according to quartile and conducted a sex-stratified analysis for the

large gender gap.

Measurement of gait ability was performed by the Time Up and

Go Test (TUGT) (29). It measures the time taken by a 6-meter walk,

which requires participants to rise from a standard chair (with the

height of 45 cm), walk three meters, turn around, walk back to the

chair, and sit down without any device throughout.

2.2.4 Control variables
Demographic information (marital status, sex, age and

education), health (obesity and disease history) and sleep quality

were assessed using questionnaire items. Body mass index (BMI),

calculated as weight (kg)/height squared (m2), was used to indicate

obesity (BMI ≥ 28: obesity= 1; BMI < 28: obesity = 0) (30). Sleep

quality was assessed by one item and coded as 3 levels (1–3 were

good, fair and poor).

2.3 Data analysis

All analyses were conducted using SPSS V.24.0, stratified by

gender. Frequencies and percentages were computed for each

demographic characteristic. Bivariate analyses with Chi-square test

were used to explore the relevance of demographic variables,

physical activity, physical frailty to depressive symptoms.

After adjusting for age, marital status, education, disease, sleep

quality and obesity, logistic regression analysis was used to test

relationships between indicators of physical status and depressive

symptoms. Grip strength, gait ability, muscle mass and physical

activity was added in model 1, model 2, model 3, and model 4,

respectively. Afterwards, we added indicators of physical activity

and physical frailty to the same model to test the independent

association between each variable and depressive symptoms.

3 Results

The characteristics and demographics of the participants are

shown in Table 1. The analysis include data from 1,180 older adults,

of whom 533 were men (mean age: 68.07 ± 6.47) and 647 were

women (mean age: 66.52 ± 5.19). In addition, it is consistent

TABLE 1 Characteristics of the study population.

Men (n = 533) Women (n = 647)

Variable N (%) N (%)

Age (years)

60–65 193 (36.2) 280 (43.3)

65–69 155 (29.1) 205 (31.7)

≥70 185 (34.7) 162 (25.0)

Marital status

Married 475 (89.1) 522 (80.7)

Not married 58 (10.9) 125 (19.3)

Education

Illiteracy 93 (17.4) 205 (31.7)

Elementary school 276 (51.8) 327 (50.5)

Middle school and

above

164 (30.8) 115 (17.8)

Obesity

No 435 (81.6) 482 (74.5)

Yes 98 (18.4) 165 (25.5)

ASM/wt (%)

Level 1 133 (25.0) 162 (25.0)

Level 2 131 (24.6) 160 (24.7)

Level 3 136 (25.5) 163 (25.2)

Level 4 133 (25.0) 162 (25.0)

Grip strength (kg)

Level 1 137 (25.7) 168 (26.0)

Level 2 133 (25.0) 157 (24.3)

Level 3 132 (24.8) 161 (24.9)

Level 4 131 (24.6) 161 (24.9)

Gait ability (s)

0–9 310 (58.2) 316 (48.8)

10–14 193 (36.2) 298 (46.1)

≥15 30 (5.6) 33 (5.1)

Physical activity

Low 73 (13.7) 156 (24.1)

Moderate 241 (45.2) 283 (43.7)

High 219 (41.1) 208 (32.1)

Sleep quality

Good 273 (51.2) 267 (41.3)

Fair 211 (39.6) 270 (41.7)

Poor 49 (9.2) 110 (17.0)

Disease

No 272 (51.0) 228 (35.2)

Yes 261 (49.0) 419 (64.8)

ASM/wt, appendicular skeletal mass adjusted by body weight. The percentage for each

variable (more than two categories) should add up to 100, but may not due to rounding errors.
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with the basic situation of old adults in China that women have

lower levels of education, higher rates of widowhood and obesity.

Of all the participants, 11.9% were classified as being depressive

symptoms. The proportions of depressive symptoms in men and

women were 11.8 and 11.9% respectively, with no significant

difference (χ2
= 0.01, P= 0.966).

Chi-square tests were conducted to analysis associations

between depressive symptoms and other variables. As shown in

Table 2, a significant higher prevalence of depressive symptoms was

observed in men with old age, no spouse, low grip strength, low gait

ability and poor sleep quality (P < 0.05) and in women with old

age, disease history, low grip strength, low physical activity and no

spouse (P < 0.05).

ORs from the logistic regression model for depressive

symptoms according to physical frailty and physical activity are

shown in Tables 3, 4. Results showed that some indicators of

physical frailty rather than physical activity have been linked to

depressive symptoms in older males. Male participants with lower

grip strength (OR = 2.42, 95% CI: 1.04–5.63) and lower gait ability

(OR = 3.6, 95% CI: 1.28–10.13) had significant higher OR for

depressive symptoms, but the role of muscle mass remains unclear.

In addition, obesity and poor sleep quality were found to be a risk

factor of depressive symptoms from all four models (Model 1: OR

= 2.27, 95% CI: 1.14–4.51, P = 0.020; Model 1: OR= 3.53, 95% CI:

1.44–8.68, P = 0.006).

For women group, no significant associations were found

between muscle strength, muscle mass, gait ability and depressive

symptoms. However, older females with low level of physical

activity (<600 MET-min/w) were 3.85 times more likely to be

depressed than that with high level of physical activity (more than

3000 MET-min/w). These effects still exist when we add physical

activity and physical frailty in one model.

4 Discussion

This is a community-based cross-sectional study aimed to

explore the relationship between physical activity, physical frailty

and geriatric depressive symptoms. The major findings are that

lower amount of physical activity is significantly associated with

depressive symptoms for older females, and depressive symptoms

in the oldermales was associated with lower grip strength and lower

gait ability.

The benefit of physical activity on health is widely recognized.

Previous studies have shown that physical activity in later life

can extend lifespan and reduce the risk of disability (31). Our

results are in line with those studies advocating that physical

activity is a protective factor against depressive symptoms in older

participants (32, 33). Neuromolecular mechanisims that physical

activity and antidepressants shared have been proposed in the past

decade, including neurotrophic factor expression (34, 35), HPA axis

response (36–38), anti-inflammatory effects (39, 40).

However, this effect was only observed in female participants

in this study. Although previous researchers may not pay enough

attention to gender differences, several studies analyzed by gender

stratification showed similar results (10, 11, 41–43). An earlier

study from Nepal, by contrast, only found this effect in men.

Nevertheless, the effect was modest and researchers only used

simple questions to assess the frequency of activity, which may

undermine the credibility (44). The gender difference may partly

be explained by psychological mechanisms of physical activity on

depressive symptoms, such as increasing self-esteem, self-efficacy,

and social support (45–48). It was found that physical activity

with social attributes help alleviate depressive symptoms (49), while

physical activity related to work, transport or domestic activity

was not associated with depressive symptoms (50). From this

perspective, women have stronger social connections thanmen and

may be able to amplify the benefits of physical activity (51). On

the other hand, the brain benefits from exercise also differ between

men and women, with studies showing that daily walking improves

hippocampal volume in women, but not in men (52). Due to the

close connection between depressive symptoms and hippocampus

(53), this may also be a potential physiological mechanism for

gender differences.

The association between physical frailty and depressive

symptoms is consistent with the observations of Ji et al. (54) and

Liu et al. (55), showed that older persons with frailty are tend

to have depressive symptoms. Muscle is closely associated with

physical frailty, which is also a secretory organ (56) and contributes

benefits on mental health via secretion of numerous myokines (57)

and neurotrophic factor (58). Decline of muscle mitochondrial

function is associated with depression as well (59). Malnutrition

(60), hormonal imbalances (61), cardiovascular disease and

inflammation (62) may also play a role in this relationship.

Maintaining muscle mass, improving muscle strength and

physical function are important for preventing frailty (63, 64).

However, not every indicator was associated with depressive

symptoms in this study, and there were gender differences in

the results. Previous studies exploring the relationship between

muscle mass and depressive symptoms have yielded inconsistent

results. Two studies reported associations between muscle mass

and depressive symptoms, with one of them only found this

relationship in male participants (18, 65). Unlike these two, the

present study did not show significant association between them,

which is consistent with a national Korean study (19). Unlike

muscle mass, the predictive effects of muscle strength and gait

ability on depressive symptoms were consistent with previous

studies (66–68). On the one hand, the degree of physical frailty

among community older adults in the present study may not be

sufficient to trigger higher rate of depressive symptoms or more

severe depressive symptoms, which may weaken the relationship

of body and mind. On the other hand, it is possible that muscle

function, rather than muscle mass, may be more closely related to

health outcomes. For example, Chen et al. (69) found that it may be

muscle function rather than muscle mass contribute to depression

development via malnutrition. Arts et al. (70) also suggested

that only performance-based physical frailty (encompassing gait

ability and handgrip strength) was associated with higher levels of

inflammatory markers and hence depression. Similarly, Newman

et al. (71) clarified that low grip strength rather than muscle mass is

associated with total mortality rates in late life.

As to the gender difference, these results are contrary to a recent

study among rural older South Africans (72), but similar to a meta-

analysis that found grip strength was associated with a reduced risk
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TABLE 2 Bivariate analyses of association between depressive symptoms and related factors.

Variable Men (n = 533) Women (n = 647)

Cases (%) χ2 P Cases (%) χ2 P

Age (years) 6.26 0.044 8.01 0.018

60–65 14 (7.3) 25 (8.9)

65–69 21 (13.5) 23 (11.2)

≥70 28 (15.1) 29 (17.9)

Marital status 4.91 0.027 9.69 0.002

Married 51 (10.7) 52 (10.0)

Not married 12 (20.7) 25 (20.0)

Education 4.73 0.094 2.46 0.292

Illiteracy 5 (5.4) 28 (13.7)

Elementary school 38 (13.8) 40 (12.2)

Middle school and above 20 (12.2) 9 (7.8)

Obesity 2.34 0.126 0.01 0.919

No 47 (10.8) 57 (11.8)

Yes 16 (16.3) 20 (12.1)

ASM/wt (%) 0.35 0.95 1.09 0.78

Level 1 17 (12.8) 19 (11.7)

Level 2 16 (12.2) 20 (12.5)

Level 3 16 (11.8) 22 (13.5)

Level 4 14 (10.5) 16 (9.9)

Grip strength (kg) 12.83 0.005 8.60 0.035

Level 1 27 (19.7) 21 (12.5)

Level 2 16 (12.0) 28 (17.8)

Level 3 9 (6.8) 15 (9.3)

Level 4 11 (8.4) 13 (8.1)

Gait ability (s) 7.91 0.019 4.39 0.112

0–9 30 (9.7) 29 (9.2)

10–14 25 (13.0) 43 (14.4)

≥15 8 (26.7) 5 (15.2)

Physical activity 3.26 0.196 30.61 <0.001

Low 12 (16.4) 38 (24.4)

Moderate 31 (12.9) 24 (8.5)

High 20 (9.1) 15 (7.2)

Sleep quality 7.99 0.018 5.78 0.056

Good 22 (8.1) 25 (9.4)

Fair 32 (15.2) 32 (11.9)

Poor 9 (18.4) 20 (18.2)

Disease 0.00 0.968 5.39 0.020

No 32 (11.8) 18 (7.9)

Yes 31 (11.9) 59 (14.1)

ASM/wt, appendicular skeletal mass adjusted by body weight.
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TABLE 3 Logistic regressions of physical activity, frailty on depressive symptoms in men.

Variable B SE Wald OR (95% CI) P

Model 1

Grip strength (Ref: ≥39.2 kg) 8.69 0.034

0–29.0 0.88 0.43 4.20 2.42 (1.04, 5.63) 0.040

29.1–33.9 0.36 0.44 0.66 1.43 (0.60, 3.40) 0.416

34.0–39.1 −0.30 0.49 0.39 0.74 (0.28, 1.92) 0.533

Model 2

Gait ability (Ref: 0–9s) 5.93 0.051

10–14s 0.33 0.32 1.08 1.39 (0.75, 2.59) 0.298

≥15s 1.28 0.53 3.60 (1.28, 10.13) 0.015

Model 3

ASM/wt (Ref: ≥30.14) 0.14 0.986

0–21.30 0.05 0.42 0.02 1.05 (0.46, 2.39) 0.902

21.31–26.06 0.07 0.40 0.03 1.07 (0.49, 2.35) 0.872

26.07–30.13 −0.07 0.41 0.03 0.94 (0.42, 2.07) 0.868

Model 4

PA (Ref: High) 3.56 0.169

Low 0.75 0.42 3.27 2.12 (0.94, 4.80) 0.071

Moderate 0.42 0.32 1.74 1.52 (0.82, 2.84) 0.187

ASM/wt, appendicular skeletal mass adjusted by body weight; PA, physical activity. Model 1–4, adjusted for age, marital status, education, disease, sleep quality and obesity.

TABLE 4 Logistic regressions of physical activity, frailty on depressive symptoms in women.

Variable B SE Wald OR (95% CI) P

Model 1

Grip strength (Ref: ≥24.2 kg) 4.68 0.197

0–17.4 0.16 0.41 0.16 1.18 (0.53, 2.61) 0.692

17.5–20.6 0.68 0.38 3.26 1.97 (0.94, 4.1) 0.071

20.7–24.1 0.14 0.40 0.13 1.15 (0.52, 2.54) 0.724

Model 2

Gait ability (Ref: 0–9s) 1.09 0.581

10–14s 0.28 0.27 1.05 1.32 (0.78, 2.24) 0.305

≥15s 0.26 0.55 0.23 1.30 (0.44, 3.80) 0.633

Model 3

ASM/wt (Ref: ≥33.52) 0.86 0.834

0–24.91 0.23 0.38 0.36 1.26 (0.59, 2.67) 0.552

24.92–29.52 0.30 0.37 0.65 1.35 (0.65, 2.79) 0.421

29.53–33.51 0.30 0.36 0.70 1.36 (0.67, 2.77) 0.403

Model 4

PA (Ref: High) 25.72 <0.001

Low 1.35 0.34 16.25 3.85 (2.00, 7.42) <0.001

Moderate 0.06 0.35 0.03 1.06 (0.53, 2.11) 0.873

ASM/wt, appendicular skeletal mass adjusted by body weight; PA, physical activity. Model 1–4, adjusted for age, marital status, education, disease, sleep quality and obesity.
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of depressive symptoms inmale but not in female (73). The possible

reason for gender difference may be related to the loss of skeletal

muscle strength, with male muscle strength decreases earlier and

faster than female (74, 75). Future research is needed to explore

this issue.

5 Implications

This study explored the associations between physical activity,

physical frailty and depressive symptoms in older adults, and

provided support for the relationship of body and mind. The

pathophysiology pathway between physical status and depressive

symptoms is worth exploring because of the gender differences.

Future studies on the relationship between body and mind may

consider the two variables and pay attention to the possible gender

differences. Furthermore, they can be used as supplementary

indicators to identify the risk of depression in older persons, and

also as a potential target for intervention. It is hoped that this study

will contribute to a deeper understanding for the prevention and

early detection of depression.

6 Strengths and limitations

This study has some strengths. First, we collected data through

an annual physical check-up, with large number of participants

and good representativeness. Second, to the best of our knowledge,

this is the first study to focus on different indicators of physical

frailty and depressive symptoms from a gender perspective, which

has helped us further understand the relationship between body

and mind.

This study also has some limitations. First, this is a

cross-sectional study, which is not sufficient to establish a

causal relationship between physical activity, physical frailty and

depressive symptoms. Longitudinal studies can be carried out in

the future. Second, this study used a self-reported questionnaire

to assess the physical activity of old adults in the past week. It is

possible that a few participants were less involved than usual in

the previous 7 days due to injury or other reasons, leading to a

potential bias. Third, since this study is based on an annual physical

check-up, we were not able to use objective measurements such as

pedometers, which may reflect the physical activity of older adults

more accurately.
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Background: Physical activity is part of a healthy lifestyle in the older adult and is 
related to multiple variables that promote this behavior.

Objective: To identify the relationship and predictive power of sociodemographic 
variables, multimorbidity, severity index, risk of poor mental health, social support, 
affective support and confidential support with the time devoted to physical 
activity in the population over 65  years of age in the Valencian Community.

Methods: Cross-sectional descriptive analytical study of the data collected in 
the Health Survey of the Valencian Community on a total of 3,199 people over 
65  years of age. The study variables were age, sex, educational level, marital status, 
social class, multimorbidity, severity index collected with the EQ-5D-5L tool, risk 
of poor mental health collected with the Goldberg general health questionnaire 
(GHQ-12), and perceived social, affective and confidential support collected with 
the Duke-Unc social support scale (Duke-UNC-11).

Results: All variables, except affective support, are significantly related to the time 
of physical activity performed by people older than 65  years. The severity index 
has a predictive capacity of 13.7% of physical activity performed and age is able to 
predict 1.2% of this variable.

Conclusion: Sex, age, education, social class, marital status, multimorbidity, risk 
of poor mental health or social support and confidentiality are related to the 
physical activity time of the Valencian population over 65  years of age. On the 
other hand, the variables severity index and age have been identified as variables 
capable of predicting up to 14.8% of the variance of the physical activity time 
variable in our study population.
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regression analysis

OPEN ACCESS

EDITED BY

David Paar,  
University of Pécs, Hungary

REVIEWED BY

Viktória Prémusz,  
University of Pécs, Hungary  
María Luisa Zagalaz-Sánchez,  
University of Jaén, Spain

*CORRESPONDENCE

Pedro García-Martínez  
 garcia_pedmarb@gva.es

RECEIVED 14 September 2023
ACCEPTED 07 November 2023
PUBLISHED 27 November 2023

CITATION

Trujillo-Barberá S, García-Martínez P,  
Sánchez-Martínez JM, Rodríguez-Herrera MÁ, 
Ruiz-Hontangas A and Gámez-Paya J (2023) 
Predictors of physical activity in older adults 
65  years and older: findings in health survey of 
the Valencian Community.
Front. Public Health 11:1294537.
doi: 10.3389/fpubh.2023.1294537

COPYRIGHT

© 2023 Trujillo-Barberá, García-Martínez, 
Sánchez-Martínez, Rodríguez-Herrera, Ruiz-
Hontangas and Gámez-Paya. This is an open-
access article distributed under the terms of 
the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction 
in other forums is permitted, provided the 
original author(s) and the copyright owner(s) 
are credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted which 
does not comply with these terms.

TYPE Original Research
PUBLISHED 27 November 2023
DOI 10.3389/fpubh.2023.1294537

150

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2023.1294537&domain=pdf&date_stamp=2023-11-27
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1294537/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1294537/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1294537/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1294537/full
mailto:garcia_pedmarb@gva.es
https://doi.org/10.3389/fpubh.2023.1294537
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2023.1294537


Trujillo-Barberá et al. 10.3389/fpubh.2023.1294537

Frontiers in Public Health 02 frontiersin.org

1 Introduction

The aging of the world population is constantly increasing and the 
population over 60 years of age is expected to double by 2050 (1). This 
population aging will lead to an increase in age-related chronic 
diseases. One of the main interventions to prevent and control chronic 
diseases is the promotion of healthy lifestyles, with physical activity 
being one of the most relevant (2).

The World Health Organization (WHO) recommends between 
150 and 300 min per week of moderate physical activity or between 75 
and 150 min per week of intense activity, with the possibility of 
increasing activity beyond the recommendations to obtain additional 
benefits. The WHO recommends the same activity for people over 
65 years of age as for adults under 65 years of age and advises strength 
and balance exercises aimed at improving functional capacity and 
preventing falls. People who achieve these physical activity 
recommendations are identified as active (3).

Health policy have driven the promotion of physical activity as a 
desirable lifestyle at all ages and the population has been informed of 
the benefits of being active. But even so, more than a quarter of the 
world’s adult population does not achieve a sufficient level of physical 
activity, with women being less active than men and inactivity 
affecting higher-income countries to a greater extent (4).

Maintaining an active lifestyle has shown significant benefits 
among the population over 65 years of age. The reduction of problems 
related to chronic pathologies such as type 2 diabetes, hypertension, 
anxiety and depression or insomnia reduces the morbidity of the 
population and also reduces the risk of falls, cognitive deterioration 
or overweight, leading to an improvement in the quality of life of the 
population (3).

The identification of factors associated with inactivity has been 
extensively studied, but the results have been inconclusive (5). Factors 
associated with physical inactivity include clinical elements such as 
chronic pathologies involving pain and fatigue, depression and 
overweight. At the psychological level, negative perceptions of 
physical, mental, cognitive or social health, or a low evaluation of the 
autonomy, independence and self-efficacy of the individual have been 
related to inactivity. Finally, low socioeconomic level, female sex or 
low social and family support has also been identified as factors 
associated with physical inactivity (6–11).

Population health surveys have been carried out in the Valencian 
Community since 1991, making it possible to obtain valuable 
information on the level of health and well-being of the population. 
These surveys have been considered a key instrument for guiding and 
supporting strategic decisions in the Community’s health policies. The 
latest Health Survey of the Valencian Community (HSVC), carried out 
on children and adults, included a sample of the population over 
65 years of age, which provides a broad view of this age group in 
relation to their healthy lifestyles.

The HSVC provides information on many of the variables that 
may be related to physical activity in the population. Among others, 
data are collected on age, sex, educational level, marital status, social 
class, weight, height, the presence of chronic pathologies and other 
tools such as the quality of life index measured by the EQ-5D-5L, the 
Goldberg general health questionnaire or the Duke-Unc social 
support scale. The presence of these variables and the participation of 
3,199 people over 65 years of age make this survey a very valuable 
source of information.

Following WHO recommendations, in the Valencian Community 
physical activity has been defined as one of the axes of health 
promotion in the 2022–2030 (12) Health Plan and, within the 
framework of healthy environments, it has been prioritized as the 
second most urgent intervention to be  implemented, after the 
promotion of healthy eating habits. In the 2022–2030 health plan, the 
Valencian Community has set the objective that the active population 
should reach figures above 33%. For this objective to be achieved in a 
more efficient way, it is necessary to know how the axes of inequality: 
sex, age, educational level and social class, and other social factors 
such as marital status, multimorbidity, perception of mental health or 
social support influence the practice of physical activity.

For this reason, the aim of this study is twofold: on the one hand, 
to study the relationship between the variables listed above and the 
time devoted to physical activity by the Valencian population over 
65 years of age and, on the other hand, to identify the variables that are 
able to predict the time devoted to physical activity in this population.

2 Methodology

2.1 Participants and procedure

Cross-sectional analytical descriptive study based on data 
collected in the HSVC 2016. This survey uses a multistage sampling: 
in the first stage, sampling was performed by family units and in the 
second stage, all persons in the family unit over 65 years of age, under 
14 years of age and 50% of adults between 15 and 64 years of age were 
selected. To achieve population representativeness, 5,280 family units 
were necessary, with a standardized distribution by health department 
and by distribution of rural and urban environment.

The sample selected for this study was 3,199 over 65 years of age 
who completed the HSVC 2016. The population of people over 65 in 
the Valencian Community according to the 2016 municipal census 
was 918,090 people, 18.51% of the total population of the community. 
To achieve representativeness with a confidence level of 99% and an 
assumed margin of error of 3%, the sample needed was 1846 people, 
so the sample was considered to be  representative of the 
total population.

The methodology for data collection in the HSVC 2016 included 
the participation of a group of surveyors trained for this purpose and 
coordinated from the Conselleria de Sanitat Universal y Salut Pública 
(CSUSP) of the Valencian Community. To facilitate the collaboration 
of the respondents, the CSUSP prepared an explanatory letter that was 
sent to each household requesting participation in the study. The 
surveyor was identified at all times by means of a credential at each 
home visit. The questionnaire was completed by the surveyors, 
following the responses of the respondents, by means of a registry 
assisted by a computer application: GANDIA INTEGRA 
MOBINET. Data collection was carried out between May and 
December 2016.

2.2 Instruments

The questionnaire used for adults had two parts: the first part 
collected information on the family structure and the second part 
collected personal information. The questionnaire included 118 
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questions, divided into 10 sections. In section 1: Perception, the 
Euroqol-5D instrument in its EQ-5D-5L version (13) was included; 
in section 2: Morbidity, chronic pathologies diagnosed by a physician 
were included; in section 3: Mental health, the Golberg General 
Health Questionnaire (GHQ-12) (14) was included; in section 8: Life 
habits, we included weight, height and physical activity practice based 
on the European Health Interview Survey-Physical Activity 
Questionnaire (EHIS-PAQ) questionnaire (15); in section 9: Living 
and working conditions, we  included the type of work and social 
support measured using the Duke-UNC tool (16); and in section 10: 
Sociodemographic characteristics, we  included the level of 
family income.

The age variable was recoded as a qualitative variable, 
differentiating 3 groups: 65–74 years, 75–84 years, and 85 years or 
more. The education variable was grouped into four levels: no studies, 
primary, secondary and university studies. Marital status was divided 
into 5 groups: single, married, widowed, separated and divorced. 
Social class was grouped using the classification proposed by the 
Spanish Society of Epidemiology based on the 2011 National 
Classification of Occupations (17) and 7 social classes were 
differentiated, the highest being class I: managers and the lowest class 
VII: unskilled workers.

The multimorbidity variable was generated from the responses 
collected in the morbidity section, which included a total of 24 long-
term chronic pathologies and an additional free-text option, defined 
as the clinical situation of a person with two or more chronic 
pathologies diagnosed by a physician in the last year.

The severity index was calculated using the EQ-5D-5L 
questionnaire, which presents 5 dimensions (mobility, self-care, 
activities of daily living, pain or discomfort, and anxiety or depression) 
and 5 response levels (1 no problem and 5 disabling problem). The 
severity index is calculated as the sum of the 5 dimensions, minus 5 
points and multiplied by 5, with a score range between 0 and 100, with 
100 being the highest degree of severity or worst perceived state of 
health. In the present study, the level of reliability was good, with a 
Cronbach’s alpha = 0.854 (18).

The quantitative variable risk of poor mental health was calculated 
using the Goldberg general health questionnaire in its abbreviated 
12-question version (GHQ-12). The score range of the questionnaire 
is between 0 and 12 points. The qualitative variable of risk of poor 
mental health was recoded into two variables: risk of poor mental 
health and no risk, considering people with 3 or more points at risk. 
In the present study, the level of reliability of the questionnaire was 
good, with a Cronbach’s alpha of 0.889 (18).

The quantitative variables of social support, affective support and 
confidential support were calculated using the Duke-UNC-11 social 
support questionnaire, an 11-item questionnaire, with likert-type 
response from 1 to 5. Perceived social support was evaluated, with 11 
being the lowest social support and 55 the highest perceived social 
support. The questionnaire identified a subscale of confidential 
support or the possibility of having a person to communicate with, 
which scored between 7 and 35 points, the higher the score, the more 
supportive the relationship, and a subscale of affective support or 
demonstrations of love, affection or empathy in their environment, 
which scored between 4 and 20 points, with the same interpretation 
as the previous one (16). The qualitative variables of social, affective 
and confidential support were recoded as low or normal support using 
the cut-off points defined for the Duke-UNC-11 questionnaire. The 

cut-off point for low social support was identified as a score of less 
than or equal to 32 points, for low affective support as less than or 
equal to 15 points, and for low confidential support as less than or 
equal to 18 points (16). In the present study, the level of reliability of 
this questionnaire was excellent with a Cronbach’s alpha of 0.919 (18).

The quantitative variable “activity time” was obtained from three 
of the items of the EHIS-PAQ questionnaire and the variable “physical 
activity time” was calculated as the sum in minutes per week of the 
items: how much time do you walk to get around, how much time do 
you  usually use a bicycle to get around, and how much time do 
you spend practicing sports, gymnastics, cycling, walking fast, at least 
10 min at a time, in a normal week?

2.3 Analysis of data

In the descriptive study, qualitative variables were presented as 
absolute numbers and percentages and quantitative variables as mean 
and standard deviation or median and interquartile range according 
to their normal or non-normal distribution, respectively.

To ensure the internal consistency of the measurements in this 
study, the level of reliability for the scales used was analyzed using 
Cronbach’s alpha coefficient for EQ-5D-5L, GHQ-12 and Duke-UNC-
11. Reliability was estimated to be excellent with an alpha greater than 
0.90, good between 0.80 and 0.89, and acceptable between 0.70 and 
0.79 (18).

For the bivariate or correlational analysis, a normality analysis was 
performed on the distribution of the quantitative variables using the 
Kolmogorov–Smirnov test, with all variables showing a non-normal 
distribution. For the correlational study of the quantitative variables 
in relation to physical activity time, Spearman’s S was used. For the 
bivariate analysis of dichotomous variables, the Mann–Whitney U test 
was used for independent samples and the Kruskal-Wallis analysis for 
polytomous variables. In all tests, a p less than 0.05 was considered as 
the level of statistical significance.

Finally, a linear regression analysis using the stepwise method was 
used to identify the variables with predictive capacity for the time of 
physical activity performed. Those variables that showed significance 
in the previous analyses were included in the model as independent 
variables. The principle of parsimony was applied to the models 
obtained in order to identify as the most appropriate model the one 
that would explain the proposed explanatory variables in the simplest 
way and under equal conditions (19). Finally, and following Cohen’s 
criteria (20), we considered that an R-squared value of less than 0.1 
did not show relevant predictive capacity, an R-squared value between 
0.1 and 0.25 showed dependence in the explanation of the variance of 
the variable, and with an R-squared value greater than 0.25 we could 
affirm that the predictive model was clinically relevant.

All analyses were performed with the SPSS Statistics for Windows 
statistical package (IBMSPSS Statistics for Windows, Version 23.0. 
IBM Corp, Armonk, NY, USA).

2.4 Ethical considerations

The present investigation complies with the ethical precepts 
formulated in the Declaration of Helsinki of the World Medical 
Association on ethical principles for medical research involving 
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human subjects and its subsequent revisions, as well as those required 
by the applicable regulations according to the characteristics of the 
study, and was approved by the Research Ethics Committee of the 
General Directorate of Public Health and the Higher Center for Public 
Health Research of the Valencian Community on January 9, 2020, 
with opinion number 20200109/06.

3 Results

Of the 3,199 HSVC 2016 participants over the age of 65 years, 
62.7% (n = 2007) were women, with a mean age of 80.04 years. The 
mean age of men was 79.71 years. By age, 18.7% (n = 598) belong to 
the 65–74 year old group, 56.7% (n = 1813) to the 75–84 year old group 
and 24.6% (n = 788) to the 85 or older group. The sample had no 
primary education 47.8% (n = 1,529), 52% (n = 1,665) were married, 
31.7 and 15.5% (n = 1,013 and 496) belonged to social class V and VI 
(skilled in the primary sector, semi-skilled and unskilled), 71.7 and 
15.5%, respectively, (n = 1,013 and 496), 71. 7% had multimorbidity 
(n = 2,293), 38.4% had poor mental health risk (n = 1,227), 4.4% had 
low social support (n = 141), 8.3% had low affective support (n = 266) 
and 7.3% had low confidential support (n = 235).

Table 1 shows the analysis of the average time of physical activity 
performed by the participants in the study grouped by qualitative 
variables. The people who were most physically active were men, in 
the 65–74 age group, with higher educational levels, separated or 
divorced, without multimorbidity and with normal social and 
confidential support. In all cases, there were significant differences.

Table 2 shows the description and analysis of the quantitative 
variables and the Spearman correlation coefficient in relation to 
physical activity time. It stands out that age, severity index and risk of 
poor mental health were significantly related to physical activity 
(p < 0.001). All variables were inversely related to the time spent in 
physical activity, with less time spent in physical activity the higher the 
score of the variables studied.

Table 3 shows the linear regression model in which the variables, 
both qualitative and quantitative, that had shown statistical 
significance in the nonparametric mean comparison and correlation 
analyses (Tables 1, 2) were included. This model returned a predictive 
capacity of 14.8% of the physical activity performed by the population 
over 65 years of age using only two variables: severity index and age. 
Following the principle of parsimony, this was the simplest predictive 
model applicable to our population.

4 Discussion

Our sample has a mean age (79.91 years) higher than most of the 
studies reviewed on physical activity in the population over 65 years 
of age. The mean age of these studies was less than 70 years (21–23) or 
less than 80 years (24, 25). The high representation of the female 
population in our sample (62%) was similar to that of other studies, 
which presented samples with more than 60% of women studied 
(21–25).

The axes of gender, age and social class inequality have been 
related to a lifestyle in which less physical activity is included in daily 
routines. In the European context, contradictory data have been 
presented in the older adult, showing that in Germany women over 

50 years of age do less physical activity than men (26) and in the 
Spanish context, women over 65 years of age do more physical activity 
than men (27). This difference could be explained by the hypothesis 
that younger women have a greater workload related to the upbringing 
and education of their children and that as they get older the 
differences between sexes could diminish or, as in the case of the 
Spanish study, be reversed (27). On the other hand, aging presents a 
decline in the attributes of strength, resistance or endurance that has 
been associated with less physical activity in older age groups. These 
hypotheses are supported by the results of a meta-analysis showing a 
higher probability of being inactive in the female group (OR = 1.47<; 
95% CI: 1.15–1.89) or among the older population (OR = 1.27; 95% 

TABLE 1 Median, interquartile range and results of Mann–Whitney U and 
Kruskall-Wallis H tests for qualitative variables related to physical activity 
time.

Median* IQR  
(p25–p75)*

p

Gender Man 220 465 <0.001U

Woman 120 315

Age groups 65–74 294.5 407.05 <0.001H

75–84 180 390

≥85 37.5 210

Studies No 

education

95 322.5 <0.001H

Primary 210 370

Secondary 275 405

University 240 360

Marital status Single 140 390 <0.001H

Married 210 380

Widowed 120 300

Separated 247.5 678.75

Divorced 350 702.5

Social class I 210 467.5 <0.001A

II 210 350

III 210 388.75

IV 180 390

V 180 410

VI 180 370

Multimorbidity No 280 397.5 <0.001U

Yes 140 420

Poor mental 

health risk

Yes 105 360 <0.001U

No 210 350

Social support Low 120 285 0.043U

Normal 180 390

Emotional 

support

Low 150 376.25 0.452U

Normal 180 400

Confidential 

support

Low 120 295 0.048U

Normal 180 390

*Median and IQR are presented as minutes per week; H: Kruskal-Wallis H; p: significance 
level of the statistical test; IQR: interquartile range; U: Mann–Whitney U test.
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CI: 1.13–1.42) (28). All these data are consistent with the results of our 
study showing lower physical activity among women and in older age 
groups (over 75 years).

On the other hand, social class has also been related to lower 
physical activity, with a higher probability of being inactive in the 
population with low economic income (OR = 1.12; 95% CI = 1.02–
1.43) (28, 29). Following the National Classification of Occupations 
2011 (17) social classes IV, V, and VI identify social classes with lower 
purchasing power, they presented less physical activity time than high 
social classes. The intersectoral relationship of the social determinants 
of health and the axes of inequality show an interdependent 
relationship and explain how the social position generated by macro-
social structures is reflected in the micro-social and individual 
context (30).

Multimorbidity has been shown to be a variable that is inversely 
related to physical exercise. A meta-analysis studying the relationship 
between physical activity and multimorbidity showed that the 
probability of physical exercise in the older adult population with 
multimorbidity is OR = 0.81 (95% CI = 0.73–0.89) (31). This 
relationship has been controversial in the literature, since some 
authors identify morbidity associated with pathologies that cause 
pain or fatigue as a factor associated with lower adherence to 
physical activity (7) and other authors refute this idea by not 
identifying differences between people with cardiovascular disease 
or diabetes, which are not usually associated with pain or fatigue 
(32). This controversy would require specific studies in order to 
be  resolved. In our study, the data are in line with the results 
presented in the aforementioned meta-analysis (31), but no 
differentiation has been made between types of pathologies that 
cause pain or fatigue, so that our results could not enter into 
discussion with the aforementioned controversy.

Self-perception of health is another factor that has been 
associated with physical activity in the population. Thus, a 

meta-analysis shows that there is a greater probability of inactive 
behavior in the population with the worst perception of health 
(OR = 1.48; 95% CI = 1.09–2.02) (28) and in the Spanish context, the 
probability of being inactive in the population with the worst 
perception of their own health was OR = 2.45, 95% CI = 1.85–3.24, 
in a study carried out in Las Palmas de Gran Canaria (33). Self-
perception of health assesses a concept similar to the severity index, 
so in our study it is the severity index measured with the EQ-5D-5L 
questionnaire, which shows a significant correlation that relates a 
worse perception of health with less physical activity, as indicated 
in previous studies. These data coincide with the results of other 
studies, identifying the higher severity index as one of the main 
factors negatively related to the performance of physical activity (5, 
34, 35). Although the accuracy of the measurement of quality of life 
in the older adult using the EQ-5D-5L questionnaire has been 
questioned, suggesting its extension to other aspects of quality of 
life such as social contact, perception of the treatment received by 
others and level of independence, this tool has been recognized as 
adequate for comparing health-related quality of life among the 
older adult (36).

The population at risk of mental health problems or with a low 
perception of social support have been identified as populations with 
a hands-on lifestyle (37, 38). These authors hypothesize that the 
greater perception of social support is related to the person’s optimism 
and self-esteem, these three elements being protective factors against 
the risk of presenting mental health problems. The data from our 
study show differences in the time dedicated to physical activity 
compared to the risk of poor health, with physical activity being lower 
both in the group classified as a population at risk of poor mental 
health and with the quantitative variable risk of poor health measured 
with the GHQ-12. The significant differences found in our population 
associating low social support and low confidential support with less 
time spent in physical activity are in line with the proposed hypothesis 
of a link between the two variables, as proposed by the authors 
(37, 38).

Finally, the regression model has identified the variables: severity 
index and age as those with the greatest predictive capacity related to 
physical activity. These two variables predict up to 14.8% of the 
variance of the time spent in physical activity by the older adult in the 
Valencian Community and show that there is a dependence in the 
explanation of the variables, following the guidelines established by 
Cohen (20).

One of the limitations of this study is the possibility of 
extrapolating these results to contexts other than the Valencian 

TABLE 2 Median, interquartile range and Spearman correlation of physical activity time with quantitative variables.

N Median IQR S p

Time of activity (minutes per week) 3,030 210 390

Age 3,199 80 8 −0.331 <0.001

Severity index 3,163 15 25 −0.536 <0.001

Poor mental health risk 3,199 1 4 −0.251 <0.001

Social support 2,708 48 11 −0.006 0.774

Affective support 2,776 21 6 −0.019 0.321

Confidential support 2,936 27 6 −0.019 0.314

p: Spearman’s S correlation test significance level; RIC: interquartile range; S: Spearman’s S correlation test result.

TABLE 3 Linear regression model for physical activity time.

Beta p R2 F

Model information <0.001 14.8% 202.588

Severity index −0.335 <0.001 13.7%

Age −0.115 <0.001 1.2%

Beta: predictive power of the independent variable F: model adjust P: significance level R2: 
Percent Variance Explained Variables excluded from the model: gender, age groups, studies, 
marital Status, social class, multimobidity, poor mental health, social support, confidential 
support and poor mental health risk.
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Community. The effects that social and economic conditions exert on 
the health of the population and the distribution of these 
determinants generate inequalities in health and in the possibility of 
adopting healthy lifestyles (39), so that in other populations with 
different social and economic conditions the results could 
be  different. On the other hand, the handling of the concepts of 
sedentary lifestyle and physical inactivity presents some difficulties 
in scientific studies related to nursing, since this discipline recognizes 
physical inactivity as a diagnosis, catalogued by the NANDA 
International (NANDA-I) classification as Sedentary Lifestyle (SL) 
and defined as a lifestyle characterized by a low level of physical 
activity. Thus, some publications may use sedentary lifestyle, low level 
of physical activity and insufficient physical activity as synonyms in 
their publications (28).

The results obtained allow us to propose new studies to evaluate 
the effectiveness of the interventions proposed in the Valencian 
Community to reduce health inequalities. These interventions 
incorporate the health perspective in the planning of public policies 
in non-health sectors, such as housing, labor, education or 
environmental policies, among others. Among the recommendations 
proposed for these interventions, grants were included for local 
entities and non-profit organizations in the Valencian Community 
that promote the integration of groups with diversity through 
physical activity and sport (39). Finally, as the severity index has been 
identified as the main predictor of the time spent in physical activity 
by the population of the Valencian Community, if a population-based 
intervention based on the individual is desired, it would be necessary 
to take it into account. Thus, as the severity index is an individual 
perception of one’s own health, before making any recommendation 
or prescription of physical activity to the population over 65 years of 
age, it would be necessary to carry out a prior assessment of the 
barriers and facilitators for the development of health-related physical 
activity and the willingness of the individual to change his or her 
behavior. These variables have been identified as a strong predictor 
of adherence to physical exercise in people with chronic pathologies 
(40). Barriers and facilitators should be openly discussed at the initial 
assessment of the intervention and at subsequent intervals to improve 
the individualization of exercise prescription (41). Follow the self-
determination model (11) and promote self-determined forms of 
motivation that have shown greater adherence to physical 
exercise (42).

From all that has been described so far, we can conclude that the 
variables: sex, age, education, social class, marital status, 
multimorbidity, risk of poor mental health or social support and 
confidentiality are related to the time dedicated to physical activity in 
the Valencian population over 65 years of age, and on the other hand, 
the variables: severity index and age have been identified as variables 
capable of predicting up to 14.8% of the variance of the physical 
activity time variable in our study population.
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Doing housework and having 
regular daily routine standing out 
as factors associate with physical 
function in the older people
RuiQi Li 1,2†, YaLun Dai 1†, YiWen Han 1, Chi Zhang 1, Jing Pang 1, 
Jian Li 1, TieMei Zhang 1 and Ping Zeng 1,2*
1 The Key Laboratory of Geriatric Medicine, Beijing Institute of Geriatrics, Institute of Geriatric Medicine, 
Chinese Academy of Medical Sciences, Beijing Hospital/National Center of Gerontology of National 
Health Commission, Beijing, China, 2 Graduate School of Chinese Academy of Medical Sciences and 
Peking Union Medical College, Beijing, China

Background and objectives: Nationwide data were used to explore factors 
associated with physical function in order to identify interventions that could 
improve and maintain physical function in the older people.

Methods: The physical function was assessed by gait speed (GS). We  selected 
2,677 male and 2,668 female older adults (aged ≥60) who could perform the GS 
test as study subjects. GS was measured by having subjects walk across and back a 
10-m course. A gait speed less than 20% that of a reference population (<0.7  m/s) 
was used as the definition of slow gait speed (SGS). Co-morbidity, polypharmacy, 
medical expenses, need for care, and hospitalization were used to evaluate 
health status. A stepwise logistic regression model was used to determine factors 
associated with SGS.

Results: SGS was associated with poorer health status, higher medical cost, lower 
ranking on the Geriatric Depression Scale (GDS) and decreased Mini-mental State 
Examination (MMSE). Co-morbidity (OR = 1.81, 1.58–2.07), polypharmacy (OR = 1.47, 
1.25–1.74), MMSE <24 (OR = 1.85, 1.54–2.22), and GDS ≥ 11 (OR = 1.40, 1.18–1.65) 
were associated with SGS. In contrast, doing housework (DHW, OR = 0.43, 0.38–
0.49), having a regular daily routine (RDR, OR = 0.64, 0.45–0.91), and current alcohol 
consumption (OR = 0.74, 0.62–0.90) were inversely associated with SGS. DHW plus 
having RDR could greatly reduce the risk of SGS (OR = 0.29, 0.19–0.43).

Conclusion: Poor physical function is associated with poorer health status 
in Chinese older people. Maintaining a regular daily routine and doing some 
housework may be important factors that can help older people preserve their 
physical function.

KEYWORDS

physical function, gait speed, Geriatric Depression Scale, mini-mental state 
examination, doing housework, lifestyle

Background

Population aging has underscored the importance of successful aging, which involves 
maintaining physical and mental function to enable older people to live independently 
until the end of their lives (1). Factors contributing to physical and mental well-being in 
older people include race, gender, age, education attainment, amount and type of physical 
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activity, chronic diseases, and adaptation to physical and 
emotional stressors (2, 3). Physical well-being has been 
emphasized for since it facilitates active life engagement, social 
participation, and promotes self-efficacy (2). The contribution of 
physical activities to better physical function has been widely 
acknowledged. In contrast to the protective effect of a healthy 
lifestyle, the presence of diseases and poor mental and 
psychological status are risk factors for the reduction of physical 
function in older people (3, 4). These studies suggest that 
multimodal strategies, such as disease intervention, physical 
activity, and cognitive stimulation are effective in maintaining 
physical function.

Since aging is a comprehensive and complex process, the 
individual’s own motivation to respond to the challenges of aging 
should also be  encouraged (5). Ng et  al. adapted the model of 
successful aging to Chinese cultural context, and suggested that 
aging well socially through engagement with life and doing or 
helping with housework being a part of daily life engagement (6). 
The older people’s motivation respond to the challenges of aging 
may be  reflected in their daily life engagement and routine (6). 
However, these factors have not been fully explored as means of 
preserving physical function in older people (5, 7). Walking requires 
considerable energy and coordination, and walking speed may 
reflect the multi-systemic well-being of older people. The speed of 
walking is closely related to the strength of the body, balance and 
endurance. So, using gait speed (GS) as an indicator of physical 
function, this study explores factors, in addition to well-recognized 
ones, that are associated with slow gait speed (SGS) to generate 
intervention strategies in the population, especially among those 
who are still ambulatory but may be  at risk of a reduction in 
physical function and loss of independence.

Methods

Participants

The data for this study were obtained from a nationwide cross-
sectional survey conducted in 2011 that evaluated the health status 
of older Chinese. The study was conducted by investigators and 
participants from 13 hospitals in six administrative regions of 
China (North China, Southwest China, Northwest China, Central 
China, East China, Northeast China). The study subjects were 
community residents and patients in regular health examination 
centers, outpatient departments, and wards of the participating 
hospitals. The following criteria were used for subjects selection: (1) 
age ≥ 60 years; (2) ability to successfully complete physical function 
tests, such as the gait speed assessment; (3) provision of oral 
informed consent. Subjects with severe cognitive impairment, 
which hindered their ability to cooperate with the investigation, 
were excluded from the analysis.

Studied variables

Questionnaires were used to gather information on demographics, 
lifestyle, and medical history, including receipt of care, co-morbidity, 
polypharmacy, medical expenses, increased need for care and 
hospitalizations. Co-morbidity was defined as having two or more 
common diseases, such as hypertension, diabetes, cardiovascular 
disease, coronary heart disease, chronic obstructive pulmonary 
disease (COPD), osteoarthritis, and cancer. Polypharmacy was 
defined as currently taking more than five kinds of medicines. 
Cognitive function was evaluated by the Mini-mental State 
Examination (MMSE) (8). Psychological status was measured by the 
Geriatric Depression Scale (GDS) (9), which included the expression 
of dissatisfaction with health and disinterest in life. Doing housework 
(DHW), considered as an indicator of daily life engagement and 
independence, was defined as a person doing work such as house 
cleaning, cooking, and taking care of grandchildren whose frequency 
was self-described as “often”; i.e., at least 5 days a week. Having a 
regular daily routine (RDR) was defined as a person having a regular 
daily schedule of activities. The lifestyle data collected in the study 
included currently smoking (≥5 cigarettes/day), regular consumption 
of alcohol (at least once a week), and engaging in physical exercise 
(PE, moderate or more, at least once a week and lasting for 30 min 
or more).

Before the survey was administered, the interviewers were trained, 
and the subjects’ oral informed consent was obtained to use their 
information in this study. The Ethics Committee of Beijing Hospital, 
Ministry of Health, approved the study.

Measurement

The physical function was assessed by GS, which was evaluated by 
measuring the time for the subject to walk 20 m. Participants walked 
at their usual pace from a standing start and continued walking 
straight forward for 10 meters, at which point they made a U-turn and 
returned to the starting line. SGS was defined as a value in the 20th 
percentile of GS measured in the participants in this study, which was 
<0.7 m/s.

Statistical analysis

Descriptive statistics, such as means, standard deviations, and 
proportions, were used to characterize the demographics and 
measured variables of the subjects. The differences in continuous 
variables were compared using analysis of variance with two factors 
(GS and gender). Frequency data were compared by Cochran–
Mantel–Haenszel statistics to remove confounding influences. 
Stepwise logistic regression was performed (Model 1) to estimate the 
adjusted odds ratios and the 95% confidence interval (95%CI) of the 
variables associated with SGS. Using predicted probabilities, receiver-
operating characteristic (ROC) curves were constructed to evaluate 
the discriminative ability of the model (Model 1). The area under the 
ROC curve (AUC) was used to test the concordance of predictive 
values with actual outcomes. The clustering of MMSE<24 and/or 
GDS ≥ 11 (clustering number 0 = none, 1 = having either one, 
2 = having both factors) and the clustering DHW and/or RDR 

Abbreviations: GS, Gait speed; SGS, slow gait speed; NGS, normal gait speed; 

COPD, chronic obstructive pulmonary disease; MMSE, Mini-mental State 

Examination; GDS, the Geriatric Depression Scale; DHW, doing housework; RDR, 

regular daily routine; PE, physical exercise; ROC, receiver-operating characteristic.
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(clustering number 0 = none, 1 = having either one, 2 = having both 
factors) with the risk of SGS were further studied by logistic regression 
(Model 2). The statistical analyses were carried out using SAS software 
and p < 0.05 was considered statistically significant.

Results

The study had a total of 5,345 participants, with 2,677 men and 
2,668 women. The health status and characteristics of the subjects with 
normal GS (NGS) and SGS are shown in Table 1. The mean age of the 
population was about 70 years, with the SGS group being about 3 years 
older than the mean of the NGS group, but this difference was not 
statistically significant. The difference in the mean value of GS for each 
group was statistically significant, with the mean of the SGS group 
being 0.5 m/s slower than that of the NGS group.

Individuals with SGS had lower education levels, more diseases 
(15% more), a higher rate of polypharmacy (over 10% more), and 
spent approximately twice as much money on healthcare as people in 
the NGS group. The mean medical costs for men and women in the 
SGS group were 9,778 yuan (RMB) and 5,893 yuan (RMB), compared 
to 4,210 yuan (RMB) and 3,196 yuan (RMB), respectively, in the NGS 
group (p < 0.0001). Compared with the NGS group, there were more 
people in the SGS group needing care (about 10% more) due to illness 
and hospitalization (about 20% more of the males and 10% more of 

the females) during the preceding year. Additionally, more (about 10% 
more) SGS individuals were dissatisfied with their health, had lower 
MMSE scores.

The stepwise logistic regression model (Table 2) revealed that 
co-morbidity (OR = 1.81, 1.58–2.07), polypharmacy (OR = 1.47, 
1.25–1.74), MMSE <24 (OR = 1.85, 1.54–2.22), and GDS ≥ 11 
(OR = 1.40, 1.18–1.65) were associated with SGS. Conversely, higher 
education level (OR = 0.77, 0.67–0.88), DHW (OR = 0.43, 0.38–
0.49), having a RDR (OR = 0.64, 0.45–0.91), and current alcohol 
consumption (OR = 0.74, 0.62–0.90) were inversely associated with 
SGS. On the other hand, the logistic regression model did not reveal 
any association between age, gender, current smoking, physical 
exercise, dissatisfaction with personal health, and disinterest in life 
and SGS. The AUC value on ROC analysis was 0.72 for the selected 
variables (Figure  1). With the clustering of MMSE<24 and/or 
GDS ≥ 11(0 = none, 1 = having either one, 2 = having both factors), 
the risk of SGS gradually increased with increasing cluster score, 
while with increased clustering score of DHW and/or RDR 
(0 = none, 1 = having either one, 2 = having both factors), the risk of 
SGS was reduced (Model 2). Figure 2 shows the pattern of change 
in the risk of SGS with the increasing clustering score of MMSE <24 
with GDS ≥ 11 and of increasing clustering score of DHW with 
RDR. The increasing risk of SGS with the clustering number of 
MMSE <24 and GDS ≥ 11 are more apparent in people aged≥75. 
On the other hand, DHW clustering with RDR greatly reduces the 

TABLE 1 The health status and characteristics of the older people with normal and slow gait speed.

Variables Normal gait speed Slow gait speed P1 P2

M (1,443) F (1,530) M (1,234) F (1,138)

Age 70.88 ± 7.41 68.91 ± 6.56 73.70 ± 8.09 71.46 ± 7.52 0.1216 <0.0001

Education ≥12 years (%) 614 (42.3) 806 (52.7) 603 (48.9) 703 (61.8) <0.0001 <0.0001

BMI (kg/m2) 24.09 ± 3.37 24.09 ± 3.45 24.00 ± 3.36 24.24 ± 3.55 0.7564 0.2589

BMI ≥ 25 kg/m2 (%) 515 (35.7) 437 (35.4) 536 (35.0) 428 (37.6) 0.405 0.342

Gait speed (m/s) 1.04 ± 0.28 1.00 ± 0.25 0.47 ± 0.14 0.48 ± 0.14 <0.0001 0.0037

Co-morbidity (%) 457 (31.7) 575 (37.6) 705 (57.1) 600 (52.7) <0.0001 <0.0001

Polypharmacy (%) 230 (15.9) 225 (14.7) 389 (31.5) 276 (24.3) <0.0001 <0.0001

Medical cost (RMB) 4,210 ± 1,000 3,196 ± 1,000 9,778 ± 2000 5,893 ± 1,500 <0.0001 <0.0001

Care demanding (%) 258 (18.0) 235 (15.4) 371 (30.3) 302 (26.7) <0.0001 0.0064

Hospitalization (%) 351 (24.4) 335 (22.0) 528 (43.2) 388 (34.3) <0.0001 <0.0001

Dissatisfied with health 117 (8.1) 195 (12.7) 220 (17.8) 219 (19.2) <0.0001 0.002

MMSE scores 27.99 ± 3.09 27.02 ± 4.17 26.28 ± 4.13 25.42 ± 5.00 <0.0001 <0.0001

MMSE scores <24 (%) 104 (7.2) 227 (14.8) 227 (18.4) 307 (27.0) <0.0001 <0.0001

GDS scores 4.57 ± 4.31 5.59 ± 5.01 6.53 ± 5.03 7.02 ± 5.41 <0.0001 <0.0001

GDS scores ≥11 (%) 147 (10.2) 244 (16.0) 278 (22.7) 287 (25.4) <0.0001 <0.0001

Disinterested in life 23 (1.6) 23 (1.5) 27 (2.2) 32 (2.8) <0.0001 0.610

Doing housework (%) 701 (48.6) 1,223 (79.9) 342 (27.7) 625 (54.9) <0.0001 <0.0001

Regular daily routine (%) 605 (42.1) 657 (42.9) 384 (31.4) 400 (35.2) <0.0001 0.0054

Current smoking (%) 445 (30.8) 28 (1.8) 315 (25.5) 32 (2.8) 0.0180 <0.0001

Current drinking (%) 396 (27.4) 54 (3.5) 244 (19.8) 41 (3.6) <0.0001 <0.0001

No physical exercise (%) 307 (21.3) 328 (21.5) 310 (25.4) 266 (23.5) <0.0001 0.01947

MMSE, Mini-mental State Examination; GDS, Geriatric Depression Scale. Current smoking:≥5 cigarettes/day. Current drinking: at least once a week. Physical exercise: moderate or more, at 
least once a week and lasting for30 min or more. P1, difference between two gait speed groups; P2, gender difference.
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risk of SGS in people aged <75, and the benefit is evident even in 
people aged≥75.

Discussion

The data from this study showed that reduced physical function 
implies an overall reduction, including mental and physical, in health 
status in older Chinese individuals (10). As a result, the medical cost 
in the SGS group was much higher than that in the NGS group. GS is 
a quick, inexpensive, and useful indicator of health in older adults who 
have chronic and expensive declines in health that might 
be  circumvented by targeted intervention (11–13). Our study 
identified a strong association between DHW (Table 2) (OR = 0.43, 
0.38–0.49) and RDR (Table 2) (OR = 0.64, 0.45–0.91) with physical 
function. This result confirms our hypothesis that old persons’ active 
daily life engagement and daily routine will benefit their physical 
performance (14). The individual’s own motivation to respond to the 
challenges of aging should be encouraged (5). The effects of clustering 
DHW and RDR on the risk of SGS were also studied. The data showed 
that active engagement in daily life (represented by DHW) plus a RDR 
will have a greater benefit on the physical function in the older people 
(OR = 0.29, 0.19–0.43) (Table 2) than either factor alone. The gain in 
physical function was significant even in the people aged≥75 
(Figure  2). The clustering of the two factors gives us a picture to 
describe the older people’s daily life and reveal an addictive effect on 
their functional well-being.

Regular PE is often considered an indicator of a healthy lifestyle 
and contributes to physical well-being (2). Instead of PE, DHW was 
selected by the logistic model and showed the strongest inverse 
association with SGS. The reason PE did not stand out may 

be explained by the similarly high rate and intensity of PE observed 
in both the SGS and NGS groups (Table 1). DHW is an unstructured 
daily life activity that requires mild-to-moderate physical and 
intellectual engagement. Previous studies have shown that energy 
expenditure doing housework represent 35.2% of the total activity 
in subjects aged 65–74 (15). Other studies have shown that the time 
devoted to housework activities can be equivalent to the time spent 

TABLE 2 Factors associated with slow gait speed by logistic regression.

Factors β SE Wald χ2 p-value OR (95% CI)

Model 1

Intercept 0.6813 0.2069 10.8418 0.0010 –

Education≥12 years −0.2681 0.0692 15.0137 0.0001 0.77 (0.67–0.88)

Co-morbidity 0.5905 0.0691 72.9677 <0.0001 1.81 (1.58–2.07)

Polypharmacy 0.3865 0.0842 21.0553 <0.0001 1.47 (1.25–1.74)

MMSE scores <24 0.6150 0.0926 44.0920 <0.0001 1.85 (1.54–2.22)

GDS scores≥11 0.3342 0.0859 15.1287 0.0001 1.40 (1.18–1.65)

Doing housework −0.8533 0.0657 168.4215 <0.0001 0.43 (0.38–0.49)

RDR −0.4452 0.1774 6.2962 0.0121 0.64 (0.45–0.91)

Current drinker −0.2974 0.0962 9.5528 0.0020 0.74 (0.62–0.90)

Model 2*

Clustering 1 0.5055 0.0790 40.9818 <0.0001 1.66 (1.42–1.94)

Clustering2 0.8208 0.1464 31.4269 <0.0001 2.27 (1.71–3.03)

Clustering 3 −0.3991 0.2057 3.7625 0.0524 0.67 (0.45–1.00)

Clustering4 −1.2402 0.2074 35.7522 <0.0001 0.29 (0.19–0.43)

Co-morbidity: having ≥ two common chronic diseases. Polypharmacy: taking ≥ five kinds of medicines. MMSE: Mini-mental State Examination. GDS: Geriatric Depression Scale. RDR: 
Regular daily routine:1 = unstructured, 2 = structured. Current smoking: ≥five cigarettes/day. Current drinking: at least once a week. In Model 1, age, gender, current smoking, and physical 
exercise, dissatisfaction in health, and disinterested in life were not selected by logistic model. *Model 2 only shows the results of variable clusterings. Clustering1: having MMSE scores < 24 or 
GDS scores ≥ 11. Clustering2: having both MMSE scores < 24 and GDS scores ≥ 11.Clustering3: doing housework or having regular daily routine. Clustering4: doing housework and having 
regular daily routine.

FIGURE 1

Receiver-operator characteristic (ROC) curve for the probability of 
slow gait speed produced by logistic regression model.
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on moderate-intensity activity (16). For a population of retired 
individuals, energy expended doing housework makes up, to some 
degree, for the reduction in energy that they had previously 
expended through their employment. The result suggests that DHW 
may help older people maintain their physical function.

For older people, DHW could also reflect the ability to live 
independently and their desire to make contributions to family 
development, which is consistent with the concept of aging well (6). 
Studies have shown that older adults who are more autonomous in 
their daily life and environment are more likely to experience 
happiness (17, 18). Additionally, a longitudinal study among older 
adults in Australia reported that DHW could maintain the mental 
function of older individuals and reduce the risk of dementia. 
Similar studies have also shown that non-sedentary older 
individuals present fewer indications of depression and dementia 
(19), which are both essential factors for maintaining independence 
and autonomy of life. In summary, based on previous studies and 
the strong association of DHW with faster GS in our study, there is 
ample evidence that daily life engagement is associated with 
multiple benefits, such as physical, cognitive, and mental well-being 
in older populations.

The benefit of RDR on health status has not been as fully noted. 
In this study, RDR was found to have an inverse association with 
SGS. The presence of RDR among retired individuals may reflect 
their positive motivation to maintain their health and lead to having 
a regular bio-clock, resulting in benefits to their functional well-
being. This finding supports the idea that RDR may be an under-
recognized modifiable factor that could benefit physical 
performance, including activities of daily living and more vigorous 
activities like climbing stairs (20). Additionally, RDR may play a 
role in the development of circadian rhythm, and research has 
explored the association between circadian rhythm and GS, albeit 
in a limited sample of older individuals with stroke (21). While 
these findings suggest a potential association between circadian 
rhythm and GS, further comprehensive studies are necessary to 
explore this relationship more extensively.

The further analysis of the factors associated with the risk of 
SGS in our population revealed that as expected, co-morbidity, 
polypharmacy, MMSE <24, and GDS ≥ 11 were associated with the 
risk of SGS (10, 22–26). The association of polypharmacy with SGS 
suggests that medical treatment did not result in improved physical 
functions (27, 28). Very commonly, impaired cognitive function 
and symptoms of depression commonly co-exist in older 
populations (29) and are associated with a decline of physical 
function (30, 31). Our study revealed that the clustering of these 
symptoms result in much higher risk of decline in physical function 
(OR = 2.27, 1.71–3.03, Table 2), particularly in individuals aged ≥75 
(Figure 2). This evidence suggest that psychology should receive 
greater attention in efforts to improve the functional well-being of 
older individuals (32). In short, the co-exiting and mutual 
association of the cluster of low physical performance, cognitive 
function, and depressed mood suggest that multiple benefits could 
be gained through effective intervention (32).

Similar to the findings reported in the study by Woo and 
colleagues of a population of older Chinese in Hong Kong, which 
found that alcohol intake was associated with faster walking speeds. 
In both studies, most of the drinkers were males, so very likely 
drinking takes place in social activities. If this is true, then it may 
be the social atmosphere in which the drinking takes place in social 
activities that lead to an improved psychological state, rather than 
the drinking itself, which may help drinkers maintain faster walking 
speeds (33).

GS is considered a comprehensive index of physical function 
that reflects the overall health status of an individual and serves as 
a marker of physiological reserve (13, 22, 23, 33). Woo et al. found 
that a fast-walking speed (>1.39 m/s), the opposite of SGS, maybe a 
sign of successful aging, since the variables significantly associated 
with fast walking are similar to the attributes of successful aging, 
and fast walkers exhibit a robustness and avoidance of frailty (33). 
In our study, the difference between the mean GS of the slow and 
normal GS groups for each gender was about 0.5 m/s (1.0 m/s vs. 
0.5 m/s). A change in GS of as little as 0.1 m/s has an observable 

FIGURE 2

The number of factors clustering with the risk of slow gait speed.
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effect on health. Specifically, study show that a decline in gait speed 
of 0.1 m/s within 1 year increased the subsequent 5-year mortality 
rate (34). In contrast, a GS increase of 0.1 m/s has been associated 
with observable health benefits, e.g., an increase as a result of 
intervention has been associated with a 17.7% reduction in the 
absolute risk of death (35), fewer hospitalization days (2.3 fewer 
days), and 1-year cost reduction of $1,188 (36). Based on this 
evidence, it can be expected that improving engagement in daily 
life, having a regular lifestyle, and engaging in more social activities 
may bring result in appreciable gains in physical function among 
older individuals. However, the underlying mechanisms and their 
impacts on the trajectory of function changes require further study.

This study has some limitations. Firstly, as a cross-sectional 
study, it is difficult to establish a cause-effect relationship between 
the studied factors and poor physical function. Secondly, the 
intensity and type of housework are not clearly measured, so 
specific suggestions could not be further evaluated in this study. 
Thirdly, GS was evaluated by measuring the time for the subject to 
walk 20 m (waking 10-meter plus a U-turn back to starting line), 
which is not often used for measuring GS. Future studies will aim 
to address these limitations, especially by carrying out a cohort 
study to validate the association of daily life engagement with 
physical functions in the older people.

Conclusion

The evidence from this study supports the importance of 
encouraging older people to keep daily life engagement and have a 
regular routine, which will benefit them in maintaining their 
physical function.
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Effects of an educational 
intervention on frailty status, 
physical function, physical activity, 
sleep patterns, and nutritional 
status of older adults with frailty or 
pre-frailty: the FRAGSALUD study
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Introduction: The prevalence of frailty is increasing worldwide, emphasizing 
the importance of prioritizing healthy ageing. To address this, cost-effective and 
minimally supervised interventions are being sought. This study aimed to assess 
the impact of an educational program on frailty status, physical function, physical 
activity, sleep patterns, and nutritional status in community-dwelling older adults 
with at least 1 Fried’s frailty criteria.

Methods: A 6-month multicentre randomized controlled trial was conducted 
from March 2022 to February 2023 in 14 health centres located in Cadiz and 
Malaga, Spain. The educational intervention consisted of 4 group sessions 
and 6 follow-up phone calls spread over 6 months. The program focused on 
educating participants about frailty and its impact on health, providing guidelines 
for physical activity, healthy dietary habits, cognitive training, psychological well-
being and social activities. A total of 163 participants, divided into control (n  =  80) 
and educational groups (n  =  83) were assessed before and after the intervention.

Results: The results showed a significant group-time interaction in the physical 
function evaluated with a large effect on Short Physical Performance Battery score 
(η2p  =  0.179, −0.1 [−1.2–1.0] points for control group vs. 1.0 [0.0–3.0] points for 
educational group, p  <  0.001), and an effect on the 4-meter gait test ((η2p  =  0.122, 
0.5 [0.1–0.0] s for control group vs. –0.4 [−0.5– −0.3] s for educational group, 
p  <  0.001), and the 5-repetition sit-to-stand test (η2p  =  0.136, 1.0 [0.0–1.2] s for 
control group vs. −4.3 [−7.0– −2.3] for educational group, p  <  0.001). Additionally, 
the use of accelerometers to assess physical activity, inactivity, and sleep 
patterns revealed a significant small effect in the number of awakenings at night 
((η2p  =  0.040, 1.1 [−0.5–3.4] awakenings for control group vs. 0.0 [−2.2–0.0] 
awakenings for educational group, p  =  0.009). The findings also highlighted a 
significant medium effect regarding malnutrition risk, which was assessed using 
the Mini-Nutritional Assessment score (η2p  =  0.088, −0.7 [−2.3–1.5] points for 
control group vs. 1.5 [−0.5–3.0] points for educational group, p  <  0.001).

Discussion: Thus, the 6-month educational program effectively improved physical 
function, sleep patterns, and nutritional status compared to usual healthcare 
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attendance in community-dwelling older adults with frailty or pre-frailty. These 
findings underscore the potential of minimally supervised interventions in 
promoting a healthy lifestyle in this vulnerable population.

KEYWORDS

functional capacity, educational program, community-dwelling, frail, accelerometry

1 Introduction

Frailty is characterized by the depletion of biological reserves, 
impaired physiological mechanisms, and susceptibility to a variety of 
adverse outcomes and it is closely related to ageing (1). Based on 
physical frailty, the prevalence of frailty and pre-frailty is 12 and 46% 
respectively, and according to the deficit accumulation model is 24% 
and 49%, respectively (2). Research has shown that older adults with 
frailty have a significantly higher risk of premature mortality 
compared to those without frailty, with individuals classified as 
pre-frail also facing an increased risk (3).

Frailty phenotype states and components exhibit dynamic 
longitudinal transitions (4). While frail is an important concern in the 
health care system, it is also possible to reduce adverse transitions, 
with frail individuals having an 18% probability of reverting to a 
pre-frail status (4). Thus, promoting healthy ageing should be a public 
health priority (5). In this regard, frailty preventive and risk factors 
include physical function, physical activity, sleep patterns, and 
nutrition (5–8), which are potentially modifiable through lifestyle 
interventions in community-dwelling older adults (9).

The progressive decline in physical function and the subsequent 
loss of personal self-sufficiency are classical concerns in actual 
geriatric medicine, closely associated with frailty. In recent years, there 
has been growing attention to the levels of physical activity and 
inactivity among older adults, which are often alarmingly low and 
have adverse health consequences (10, 11). Sleep patterns have also 
emerged as potential risk factors for frailty, as poor self-reported sleep 
quality and daytime drowsiness have been linked to a higher risk of 
frailty (12, 13). Additionally, nutrition plays a pivotal role in frailty 
maintenance. Malnourishment not only increases the risk of frailty 
but also elevates the chances of premature death and morbidity (13).

Previous studies have provided support for the effectiveness of 
exercise and nutritional interventions in reducing physical frailty (5, 
7). However, social isolation (14) and cognitive training (15, 16) play 
also relevant roles in developing frailty. Therefore, there is a growing 
interest in exploring more comprehensive interventions that 
encompass all aspects, including physical, cognitive, and psychosocial 
factors, to effectively address and reduce frailty. These interventions 
should be designed to be implemented without excessive professional 
supervision promoting healthy ageing and aiming to search for the 
minimal intervention possible.

Therefore, the present study aimed to assess the effects of an 
educational program on frailty status, physical function, physical 
activity, sleep patterns, and nutritional status in community-dwelling 
older adults with frailty or pre-frailty. This educational program 
included guidelines for physical activity, nutrition, and cognitive 
training, as well as promoting psychological and social well-being over 
6 months with 4 sessions and 6 phone calls, making it readily adaptable 
to nursing care routines.

2 Materials and methods

2.1 Design

A 6-month, multicentre, randomized controlled trial was 
conducted from March 2022 to February 2023 in 14 health centres 
located in the provinces of Cadiz and Malaga, Spain. All outcome 
measures were assessed before and after the 6-month intervention 
period. This trial was registered at ClinicalTrials.gov (Identifier: 
NCT05610605). The study was conducted following the principles of 
Good Clinical Practice Guidelines and the Declaration of Helsinki. 
Ethical approval was obtained from the Ethics Committee of the 
Provincial Research of Malaga (Approval code: FRAGSALUD). All 
participants were informed of the aims and characteristics of the study 
during a personal interview. After all participants gave written 
informed consent before enrolling in the study, Fried’s criteria were 
assessed, and if a participant met at least one criterion, all assessments 
were then conducted. The allocation of patients to the various study 
groups and the initial technique to be employed (either aspiration 
alone or an investigational technique) were randomized using the 
computer program Randomization1 in a block format with 80 
participants per group.

2.2 Participants

The participants in this study consisted of community-dwelling 
individuals residing in both provinces. To qualify for participation, 
inclusion criteria were: being aged 65 years or older, and exhibiting at 
least one component of Fried’s frailty phenotype (17).

Exclusion criteria were individuals who were institutionalized, 
displayed symptoms of dementia during their clinical screening, or 
those who were categorized as robust (meaning they did not exhibit 
any component of Fried’s frailty phenotype).

Out of the 166 participants initially included in the study, only 163 
completed the post-intervention evaluation, with 2 participants from 
the control group and 1 from the educational group being lost to 
follow-up (Figure 1). The final analysis consisted of 80 participants in 
the educational group and 83 in the control group (Table 1).

2.3 Intervention

A multidisciplinary team comprising nurses, nutritionists, and 
physical educators conducted the educational intervention. The 

1 http://www.randomization.com
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educational group received a 6-month health education program 
consisting of 4 group sessions and 6 follow-up calls, while the control 
group maintained their usual healthcare attendance.

The 4 group sessions were conducted during the first month after 
the pre-test, with one session per week lasting approximately 
45–60 min each. The educational sessions focused on the following 
topics: (1) frailty description and its impact on health, (2) guidelines 
for physical activity, (3) promoting healthy dietary habits, and (4) 
cognitive training and psychological and social well-being. 
Participants were encouraged to engage in debates and share their 
doubts and experiences. Each group session was limited to a 
maximum of 15 participants. If a participant was unable to attend a 
specific group session, another date with another group was scheduled 
to ensure a 100% attendance rate.

The aim of session 1 was to raise awareness about frailty, its 
implications on health, and how it progresses with ageing. During this 
session, emphasis was placed on the varying degrees of frailty, 

introducing and clarifying the concept of pre-frailty. Additionally, the 
session briefly addressed risk and preventive factors related to frailty, 
which would be further detailed in subsequent sessions. This session 
was imparted by a registered nurse.

Session 2 encompassed exercise recommendations for frail and 
pre-frail older adults, with a special emphasis on strength training in 
addition to the importance of aerobic exercise. The session highlighted 
the benefits of physical activity on health and quality of life to prevent 
the progression of frailty. Simple strength exercises that could 
be performed at home were demonstrated to improve muscle strength 
(e.g., squat to a chair or calf raises), along with guidance on exercises 
that should be avoided due to the risk of injury. Participants were 
provided with printed examples of exercises they could perform daily 
at home. Additionally, participants were encouraged to engage in 
physical and sports activities for older adults, either organized by 
private companies or the local municipality, while discouraging 
prolonged periods of sedentary behaviour. This session was 

FIGURE 1

Flowchart of the FRAGSALUD project.
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performed by a sports scientist specialising in healthy 
physical exercise.

The main objective of session 3 was to promote dietary habits that 
would help prevent caloric-protein malnutrition, dehydration, and an 
imbalanced diet among the participants. Therefore, the Mediterranean 
diet was advocated, with special emphasis on certain aspects relevant 
to frail older adults, such as the daily consumption of a source of 
animal protein. Participants were encouraged to incorporate 
probiotics (e.g., yoghurt) and prebiotics (e.g., some vegetables) into 
their diets, with an explanation of the intestinal microbiota and its 
relationship to health. Printed examples were also provided for 
reference. Moreover, when frailty coexisted with another condition in 
which diet has a significant impact, such as diabetes, concepts like the 
glycaemic index were also covered, illustrating which foods or 
culinary techniques can increase it. This session was performed by a 
registered nutritionist.

Session 4 focused on the importance of cognitive training, 
psychological well-being, and social engagement. Participants 
performed some cognitive exercises and they were encouraged to 
incorporate them into their routines at least twice a week. These 
exercises included activities such as crosswords, word searches, 
Sudoku, personal diary writing, knitting or crocheting, painting, etc. 

Furthermore, they were motivated to engage in activities that pleased 
them, to recognize positive qualities within themselves, and to 
prioritize their mental well-being. Additionally, they were advised to 
participate in daily social activities to foster social engagement. This 
session was performed by a registered nurse.

Following the completion of the initial 4 sessions (month 1), a 
follow-up was conducted in the intervention group through personal 
telephone interviews, totalling 6 calls: 2 calls in the second month (1 
caLL every 2 weeks) and 1 caLL per month from the third to the sixth 
month. During these follow-up calls, participants were asked about 
their adherence to the provided recommendations, and they were 
encouraged to maintain those healthy lifestyles. Any doubts or 
concerns were addressed, and personalized solutions were provided 
when necessary.

2.4 Outcomes

2.4.1 Frailty phenotype
Fried’s criteria stratify older adults as robust, pre-frail, or frail 

based on the final score of the following domains (17): shrinking 
(participants score a point if they had an unintentional weight loss 

TABLE 1 Baseline sociodemographic and medical characteristics of the frail/pre-frail older adults.

Total  
(n =  163)

Control group 
(n =  83)

Educational 
group (n =  80)

p

Sex, n (%)

  Men 54 (33.1) 37 (44.6) 17 (21.3)
0.001

  Women 109 (66.9) 46 (55.4) 63 (78.8)

Age (years, median [IQR]) 73.9 [69.4–78.9] 74.9 [70.8–80.7] 73.1 [68.5–76.5] 0.019

Height (cm, mean ± SD) 1.59 ± 0.09 1.62 ± 0.09 1.56 ± 0.09 0.001

Body mass 74.35 ± 14.90 75.96 ± 15.77 72.90 ± 14.41 0.16

Schoolarity, n (%)

  Less than primary school 25 (15.3) 12 (14.5) 13 (16.2)

0.013
  Primary school 77 (47.2) 49 (59.0) 28 (35.0)

  Secondary school 39 (24.0) 15 (18.1) 24 (30.0)

  University and above 22 (13.5) 7 (8.4) 15 (18.8)

Housing, n (%)

  Not alone 99 (62.7) 54 (68.4) 45 (57.0)
0.124

  Alone 59 (37.3) 25 (42.4) 34 (43.0)

Need for walking assistance, n (%)

  No 125 (80.1) 57 (74.0) 68 (86.1)
0.059

  Yes 31 (19.9) 20 (26.0) 11 (12.8)

Number of daily medication (number, median [IQR]) 5.0 [3.0–8.0] 5.0 [3.3–8.3] 4.0 [3.0–7.0] 0.076

Smoking, n (%)

  Smoker 19 (11.7) 8 (9.6) 11 (13.8)
0.492

  Non-smoker 144 (88.3) 75 (90.4) 69 (86.2)

Alcohol drinks per week, n (%)

  None 120 (73.6) 67 (80.7) 53 (66.3)

0.111  Between 1 and 7 32 (19.6) 12 (14.5) 20 (25.0)

  More than 7 11 (6.8) 4 (4.8) 7 (8.8)

IQR, interquartile range [percentile 25 – percentile 75]; SD, Standard Deviation. Significant differences are indicated in bold.
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of 4.5 kg or 5% in the previous year), weakness (if their grip 
strength was less than 29 kg when their BMI was equal to or below 
24, 30 kg when their BMI fell within the range of 24.1 to 28, and 
32 kg if their BMI exceeded 28 for men. For women, performance 
below the threshold was defined as grip strength less than 17.1 kg 
when their BMI was equal to or below 23, 17.3 kg for BMI values 
between 23.1 and 26, 18 kg for BMI values between 26.1 and 29, 
and 21 kg if their BMI exceeded 29, T.K.K.5401 GRIP D, Takei 
Scientific Instruments Co., Ltd., Japan), poor endurance (if they 
reported self-reported exhaustion or fatigue for 3 days or more in 
the past week), slowness [if they performed the 4-meter walk in 7 s 
or more (men height ≤ 173 cm, women height ≤ 159 cm) or 6 s or 
more (men height > 173 cm, women height > 159 cm)], and low 
physical activity (reported reduced physical activity expenditure). 
The classification of participants was based on specific criteria: 
those who did not meet any criteria were categorized as robust, 
individuals meeting one or two of the criteria were classified as 
pre-frail, and those who presented three or more criteria were 
designated as frail.

2.4.2 Physical function
The participants’ physical function was assessed using the Short 

Physical Performance Battery (SPPB), a validated tool specifically 
designed for older individuals (18). The SPPB evaluates three key 
physical domains: (i) balance, which consists of three different tests 
(side-by-side, semi-tandem, and tandem tests), (ii) gait speed, 
evaluated with the 4-meter gait test, and (iii) a functional measure of 
lower-limb strength, assessed through the 5-repetition sit-to-stand 
test. Each domain is scored based on participants’ performance with 
scores ranging from 0 to 4 points. Participants who were unable to 
complete a specific test were assigned a score of 0. The final SPPB score 
reflects overall physical function and ranges from 0 to 12, where 0 
indicates the highest dependence and limitations in mobility, and 12 
indicates complete independence in physical tasks. In addition to the 
SPPB evaluation, the 5-repetition sit-to-stand test power was 
calculated using the formula proposed by Baltasar-Fernandez 
et al. (19).

2.4.3 Physical activity, inactivity, and sleep 
behaviour

Physical activity, inactivity, and sleep behaviour were assessed 
using wrist-worn accelerometers (GENEActiv, ActivInsights Ltd., 
Kimbolton, UK). To ensure accurate and reliable measurements, 
participants were instructed to wear the accelerometer on their 
non-dominant wrist continuously for a minimum of six 
consecutive days. Only data from participants who wore the 
accelerometer for at least 16 h per day on a minimum of four days, 
including at least three weekdays and one weekend day, were 
considered valid and included in the analysis. The accelerometers 
were set to record data at a frequency of 60 Hz, and the raw data 
were downloaded using GENEActiv software version 3.3. 
Subsequently, the raw data files were processed and analysed using 
the open-source R-package GGIR, version 2.5–0, on the University 
of Malaga servers. The GGIR package automatically calibrated the 
data based on local gravity and calculated the Euclidean Norm 
Minus One (ENMO) for accelerations, helping to minimize sensor 
calibration errors (20). Given the fact that wrist-worn 
accelerometers cannot detect lower body posture, and therefore 

cannot detect if the lower intensity is made in a standing, 
reclining, or sitting position which is essential to determine 
sedentary behaviour, the lower intensity has been defined as 
inactivity (21).

To classify participants’ activity levels, previously established 
thresholds for ENMO in the wrist of older adults were applied (22, 
23). The following intensity categories were used: (i) Inactivity: ENMO 
≤57 milligravities (mG), (ii) Light-intensity Physical Activity (LPA): 
ENMO >57 mG and < 104 mG, (iii) Moderate-to-Vigorous-intensity 
Physical Activity (MVPA): ENMO ≥104 mG. Physical activity and 
inactivity were quantified as mean minutes per day, calculated by 
dividing the total minutes spent in each respective category by the 
total number of valid days.

Regarding sleep behaviour, inactivity periods with low variability 
in the z angle (less than 5 degrees over 5 min) were identified as 
sustained inactivity periods. An automated algorithm, based on the 
work by van Hees et al. (24), was employed to detect the onset and 
offset of sleep periods using these sustained inactivity periods during 
the night. Time in bed was defined as the duration between when 
participants lay down with low variability in the z angle (less than 5 
degrees over 5 min) and their wake-up time during the day. Sleep time 
was estimated by calculating the difference between sleep onset and 
wake-up time. Wake After Sleep Onset (WASO) was determined as 
the total duration of wakefulness between sleep onset and sleep 
termination. Awakenings were identified as instances of wakefulness 
lasting at least 5 min during the sleep period (24), and the number of 
awakenings per night was recorded. Lastly, sleep efficiency was 
determined as the proportion of time spent sleeping from sleep onset 
to sleep termination, taking into account the duration of wakefulness 
(WASO). Sleep efficiency is expressed as a percentage, where a score 
of 100 is the best possible result, signifying uninterrupted sleep from 
sleep onset to termination without any periods of wakefulness.

2.4.4 Nutritional assessment
Participants’ body mass was assessed using a digital scale (Omron 

Medizintechnik, Mannheim, Germany), with any footwear, heavy 
clothing, and accessories removed. Body height was measured with 
participants standing on the Frankfort plane, after exhaling normally, 
utilizing a stature-measuring instrument (SECA 225, Hamburg, 
Germany). Body Mass Index (BMI) was calculated by dividing the 
body mass (in kilograms) by the square of the height (in meters). 
Waist, left arm, and left leg circumferences were measured using a 
metallic non-extensible tape (Lufkin W606PM, Washington, 
United  States) following the International Standards for 
Anthropometric Assessment (ISAK) guidelines standard techniques 
by an ISAK level 1 evaluator. The waist circumference was measured 
at the thinnest point, while the arm and leg circumferences were 
measured at the most prominent points. All measurements were 
conducted twice by an experienced examiner, and the final value was 
obtained as the mean between the two measurements.

Moreover, the Mini Nutritional Assessment (MNA) was applied 
through a personal interview to screen for the risk of malnutrition 
among the participants (18). The overall MNA score can differentiate 
between older patients with adequate nutritional status (MNA 
score ≥ 24), with a risk of malnutrition (MNA score between 17 and 
23.5), or with protein-calorie undernutrition (MNA score ≤ 17). The 
sensitivity, specificity, and diagnostic accuracy of the MNA 
questionnaire were 96%, 98%, and 97%, respectively (25).
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2.5 Sample size and statistical analysis

The sample size calculation was performed using the statistical 
software Epidat 4.2. It was calculated to detect the smallest significant 
effects on the main variable. Assuming a large intervention effect 
using an F test with two tails (0.5), an alpha error of 0.05, 80% power, 
and accounting for a dropout rate of 10%, it was determined that two 
groups of 80 subjects each would be  required. Additionally, after 
evaluating the data using the G*Power software (v. 3.1.9.7, Universität 
Kiel, Germany), we found an actual power of 0.96 in one of our main 
outcomes, specifically the SPPB score.

To maintain the initial comparability between the groups, and to 
preserve the sample size while minimizing bias, an intention-to-treat 
analysis was employed. All data are presented as mean ± standard 
deviation (SD) or counts (percentages). The normality of continuous 
variables was assessed using the Kolmogorov–Smirnov test, the 
Levene test was used to check the homogeneity of variance and 
sphericity with the Mauchly test. A 2×2 mixed factorial analysis of 
variance (ANOVA) was used, with the group (intervention vs. control) 
as the between-subjects factor, and the time (pre-test vs. post-test) as 
the within-subject factor. Bonferroni post-hoc comparisons were 
applied. The effect size of each variable was tested using partial eta 
squared (η2p), with values of 0.01, 0.06, and 0.14 used to indicate 
small, medium, and large effects, respectively. After carefully 
examining potential confounding factors, we included sex, age, frailty 
phenotype, BMI and educational level as covariates in the analysis. 

Deltas, representing the changes from post-intervention values to 
post-intervention values, were calculated for the key parameters as 
post-intervention values minus pre-intervention values. These 
changes were then compared between groups using either an 
independent sample t-test or a Mann–Whitney U-test, depending on 
the normality distribution of the variables. Furthermore, an Quade’s 
analysis of covariance (Quade’s ANCOVA) was conducted, employing 
the same covariates as in the previous analysis. All statistical analyses 
were performed using IBM SPSS Statistics version 26 software (SPSS 
Inc., Chicago, IL, United States) and STATA 13.0 (StataCorp LLC, 
Texas, United  States). The significance level was set at p < 0.05 to 
determine statistical significance.

3 Results

Table 1 displays the sociodemographic and medical characteristics 
of our participants. It’s noteworthy that the intervention group had a 
higher proportion of women, was characterized by older age, and 
exhibited a higher level of education. Due to these differences, we have 
decided to include these variables as covariates in the 
forthcoming analysis.

Table 2 presents the frailty characteristics of the study participants. 
In the baseline assessment, the intervention group exhibited lower 
scores on Fried’s criteria and a higher number of pre-frail participants 
compared to the control group. Additionally, a larger proportion of 

TABLE 2 Comparison of participant frailty outcomes before and after the intervention.

Control group (83) Educational group (80)

PRE POST PRE POST

Total fried (points, median [IQR]) 2.0 [2.0–3.0] 2.0 [1.0–3.0] 2.0 [1.0–2.0]† 1.0 [0.0–2.0]*†

Fried’s category, n (%)

  Robust 0 (0) 0 (0) 0 (0) 24 (30)*†

  Pre-frail 45 (54,2) 43 (51.8) 65 (81.3)† 50 (62.5)*†

  Frail 38 (45,8) 40 (48.2) 15 (18.8)† 6 (7.5)*

Unintended weight loss, n (%)

  Lost <5% of body mass 52 (62.7) 69 (83.1) 57 (71.3) 68 (85)*

  Lost >5% of body mass 31 (37.3) 14 (16.9) 23 (28.8) 12 (15)*

Self-reported exhaustion and fatigue, n (%)

  Did not meet the criteria 23 (27.7) 21 (25.3) 20 (25) 40 (50)*†

  Met the criteria 60 (72.3) 62 (74.7) 60 (75) 40 (50)*†

Physical activity expenditure, n (%)

  Low 14 (16.9) 19 (22.9) 4 (5)† 11 (13.8)

  Normal 69 (83.1) 63 (75.9) 76 (95)† 69 (86.3)*

Gait speed, n (%)

  Low 28 (33.7) 38 (45.8) 22 (27.5) 13 (16.3)†

  Normal 55 (66.3) 45 (54.2) 58 (72.5) 67 (83.8)†

Handgrip strength, n (%)

  Low 69 (83.1) 69 (83.1) 39 (48.8) 20 (25)*

  Normal 14 (16.9) 14 (16.9) 41 (51.3) 60 (75)*

IQR, interquartile range[percentile 25 – percentile 75]. * p < 0.05 compared to the pre-intervention moment within the same group; † p < 0.05 compared to the control group at the same 
moment.
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participants in the control group met the criteria for adequate physical 
activity (p = 0.016) and handgrip strength (p < 0.001) compared to the 
intervention group. Following the intervention, there were no 
significant changes observed in the control group regarding total 
frailty points or specific criteria. However, a noteworthy reduction in 
total frailty points was observed in the intervention group (p < 0.001), 
along with a decrease in the number of participants meeting the self-
reported exhaustion and fatigue criteria (p < 0.002) and a decrease in 
the prevalence of individuals with low handgrip strength (p < 0.001).

All mean values of the outcomes before and after the intervention 
are presented in Table 3 with a comparison between groups in both 
the pre- and post-intervention. Regarding physical function, a 
significant group x time interaction was observed in the SPPB score 
(F = 35.043, η2p = 0.179, p < 0.001), the 4-meter gait test (F = 22.503, 
η2p = 0.122, p < 0.001), the 5-repetition sit-to-stand test (F = 11.316, 
η2p = 0.066, p < 0.001) and the 5-repetition sit-to-stand power 
(F = 24.994, η2p = 0.136, p < 0.001). When the delta values were 
compared, the results demonstrated a significant improvement in 
physical function in the intervention group in comparison to the 
control group (Figure 2). After adjusting for covariables, significant 
differences persisted in side-by-side (p < 0.001), semi-tandem 

(p < 0.001), tandem (p < 0.001), as well as the SPPB score (p = 0.001) 
and the SST power (p < 0.001) while the differences in gait test and 
five-repetition sit-to-stand test disappeared. In the post-intervention 
assessment, these differences continued to be significant (p < 0.001). 
Furthermore, the 5-repetition sit-to-stand power exhibited significant 
differences between the groups (p < 0.001). Subsequent Bonferroni 
post hoc comparisons revealed a significant decrease in the SPPB score 
for the control group (p = 0.042) but a significant improvement in the 
gait speed (p = 0.004), sit-to-stand test (p = 0.001), SPPB score 
(p < 0.001), and SST power in the intervention group 
(Supplementary Table S1). When the delta values were compared 
using the ANCOVA, it revealed an enhanced physical function in the 
intervention group, with the exception of the tandem test, which no 
longer exhibited statistical significance (Figure 3).

The accelerometer analyses showed a significant group x time 
interaction in the number of awakenings at night (F = 5.610, 
η2p = 0.040, p = 0.019), indicating an increase in the number of 
awakenings in the control group, while the educational group 
maintained similar values from pre- to post-intervention (Figure 4). 
However, no significant group x time interaction was found in physical 
activity and inactivity values, even after adjusting for confounders 

TABLE 3 Comparison of participant outcomes before and after the intervention.

Control group (83) Educational group (80)

PRE POST PRE POST

Physical function

Side-by-side test (s, median [IQR]) 10.0 [0.7–10.0] 10.0 [7.1–10.0]* 10.0 [10.0–10.0]† 10.0 [10.0–10.0]†

Semi tandem test (s, median [IQR]) 10.0 [0.0–10.0] 10.0 [0.0–10.0] 10.0 [10.0–10.0]† 10.0 [10.0–10.0]†

Tandem test (s, median [IQR]) 3.2 [0.0–10.0] 3.1 [0.0–10.0] 10.0 [4.5–10.0]† 10.0 [8.0–10.0]*†

4-meter gait test (s, median [IQR]) 5.3 [4.5–7.3] 6.2 [4.8–10.1]* 4.9 [4.1–6.0]† 4.2 [4.0–5.7]*†

Five-repetition sit-to-stand test (s, median [IQR]) 15.0 [12.0–40.0] 17.7 [12.9–39.9] 15.3 [11.9–19.9]† 11.1 [9.6–13.8]*†

SPPB score (points, median [IQR]) 7.0 [4.8–9.0] 6.0 [4.0–8.0]* 9.0 [8.0–10.0]† 10.0 [9.0–12.0]*†

Handgrip strength (kg, median [IQR]) 20.0 [13.6–26.9] 20.0 [12.5–26.6] 20.6 [17.3–27.2]† 20.1 [16.6–26.3]

STS relative muscle power (W/kg, median [IQR]) 0.6 [0.2–0.8] 0.5 [0.2–0.6] 0.6 [0.4–0.8] 0.8 [0.6–1.0]*†

Physical activity

Inactitivy (min/day, mean ± sd) 802.26 ± 139.74 810.4 ± 131.97 829.31 ± 110.43 836.49 ± 104.27

MVPA (min/day, median [IQR]) 0.0 [0.0–11.3] 3.2 [0.0–22.5] 1.7 [0.0–8.3] 1.7 [0.0–9.1]

LPA (min/day, mean ± sd) 116.24 ± 140.34 103.27 ± 62.53 98.98 ± 47.21 91.67 ± 47.14

Sleep behaviour

Bedtime (h/day, mean ± sd) 7.69 ± 1.48 8.21 ± 1.80 7.71 ± 1.53 7.97 ± 1.44

Sleep time (h/day, mean ± sd) 6.38 ± 1.46 6.82 ± 1.67 6.66 ± 1.41 6.94 ± 1.32

Awakenings (number/day, mean ± sd) 12.98 ± 4.31 14.30 ± 4.55* 13.44 ± 4.27 13.33 ± 4.42

Sleep efficiency (%, median [IQR]) 86.6 [82.2–89.9] 85.3 [81.1–88.7] 84.8 [81.1–91.0] 87.8 [81.1–91.0]

Nutritional assessment

IMC (kg/m2, mean ± sd) 28.85 ± 4.82 29.01 ± 5.19 29.84 ± 4.79 29.81 ± 4.94

Waist perimeter (cm, mean ± sd) 100.48 ± 13.94 100.15 ± 14.69 99.33 ± 11.08 97.97 ± 10.42

Arm perimeter (cm, mean ± sd) 29.31 ± 3.89 28.39 ± 3.73 28.86 ± 3.79 28.65 ± 3.99

Leg perimeter (cm, median [IQR]) 35.0 [32.0–38.0] 35.0 [32.0–38.0] 35.5 [32.0–37.8] 35.1 [32.5–37.6]

MNA (score, median [IQR]) 26.5 [25.0–27.9] 25.5 [23.0–26.5]* 25.0 [22.0–26.8] 26.0 [24.0–27.8]*†

IQR, interquartile range [percentile 25 – percentile 75]; sd, standard deviation, STS, sit-to-stand test; SPPB, Short physical performance battery; MVPA, moderate to vigorous physical activity; 
LPA, light physical activity; BMI, body mass index; MNA, mini nutritional assessment. Asterisks (*) indicate p < 0.05 compared to the pre-intervention values within the same group, and 
daggers (†) indicate p < 0.05 compared to the control group at the same time point.
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(Supplementary Table S1). When the delta values were compared 
using the ANCOVA, the results remained significant (Figure 5).

Regarding the nutritional status, there was a significant group x 
time interaction in the MNA score (F = 15.737, η2p = 0.088, p < 0.001). 
Specifically, the educational group showed an improvement in MNA 
score from pre- to post-intervention, while the control group exhibited 
a significant decrease in the MNA score (Figure 4). Nevertheless, there 
were no differences between groups on perimeters, body mass or BMI 
even after adjusting by cofounders. When the delta values were 
compared using the ANCOVA, the results remained significant 
(Figure 5).

4 Discussion

The main findings of this study underscore that older adults with 
pre-frailty or frailty who underwent a 6-month educational 
intervention experienced enhancements in their frailty outcomes, 

physical function, sleep patterns, and nutritional status when 
compared to the control group. These results highlight the potential 
of educational interventions in promoting a healthy ageing approach 
for this vulnerable population.

Frailty is a significant concern in healthcare due to its impact on 
the longevity and quality of life of older populations (26). Importantly, 
frailty is a reversible condition through various interventions. 
However, there is ongoing controversy in the literature regarding the 
effectiveness of multifaceted programs in reversing frailty among 
community-dwelling older individuals. Some studies have reported 
beneficial results (27, 28), while others have not (29). The reason for 
these differences could be  attributed to the varying definitions of 
frailty used in the studies, such as Fried’s criteria (17), the Frail Trait 
Scale (30) or other frailty indicators (31). The results of our study 
contribute additional insights to this topic. We found that 30% of 
participants in the intervention group no longer met Fried’s criteria 
for frailty after participating in the FRAGSALUD program for six 
months, which consisted of attending just four group sessions. This 

FIGURE 2

Comparison of post-intervention minus pre-intervention delta values for physical function between the control and educational groups (unadjusted). 
Data is presented as median (interquartile range). STS, sit-to-stand test, and SPPB, short physical performance battery. Statistical significance is 
indicated by asterisks: *p  <  0.05, **p  <  0.01, ***p  <  0.001.
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suggests that multi-targeted programs encompassing frailty, physical 
exercise, nutrition, and cognition could be an effective strategy in 
improving the frailty status of older adults, especially self-reported 
exhaustion and fatigue and the cut-off point for handgrip strength. 
Nonetheless, it is worth mentioning that the effectiveness of this 
program remains to be seen when using other valid tools to evaluate 
frailty (30).

It is known that impaired physical function is a major 
indicator of frailty, compromising healthy ageing (32). Our 
results highlight the effectiveness of the educational intervention 
to enhance physical function among frail/pre-frail older adults. 
Specifically, a large effect in the SPPB score and moderate effect 
sizes in the 4-meter gait test, and the 5-repetition sit-to-stand test 
performance and power were found. Notably, the educational 
intervention led to a significant improvement of 1.49 points in 
the SPBB score, surpassing the threshold for clinically meaningful 
change (typically set at a minimum of 0.5 points) (33). It is 

noteworthy that minimal clinically important improvements in 
gait speed have been reported to be 0.06 m/s (34), and in our 
study, an increase of 0.07 m/s was achieved in the 4-meter gait 
test in the educational group, surpassing this threshold. Similarly, 
previous studies have reported that lifestyle educational programs 
conducted over 24 months improved physical function with an 
increase of 1.2 points on the SPPB score (35, 36), while a 
multicomponent intervention over 3 months led to a 1-point 
increase (37) in frail older adults. Also, interventions targeting 
nutrition, cognition, and physical activity have shown decreases 
in gait speed completion times, such as 0.8 s, 1.10 s, and 0.54 s, 
respectively, over 6 months in pre-frail and frail older populations 
(38). It is worth noting that specific exercise programs have been 
shown to result in a larger increase in SPPB scores, with 
improvements of around 3 points (39, 40). However, these 
interventions typically involved a structured regimen of between 
18 and 72 exercise-focused sessions. The FRAGSALUD 

FIGURE 3

Adjusted comparison of post-intervention minus pre-intervention delta values for physical function between the control and educational groups. Data 
is displayed as the mean  ±  standard error of the mean. STS, sit-to-stand test, and SPPB, short physical performance battery. Statistical significance is 
indicated by asterisks: *p  <  0.05, **p  <  0.01, ***p  <  0.001.
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intervention achieved almost half the improvement with just 4 
educational sessions, which shows a promising result in cost-
effective intervention for healthcare. It’s important to highlight 
that these effects remained statistically significant even after 
adjustments for potential covariates such as sex, age, physical 

frailty status, BMI, and educational status. Given that poor 
physical performance has been demonstrated to be more common 
among older individuals, women, and those with lower levels of 
education (41), the sustained significance of these results after 
adjusting for these covariates suggests that the FRAGSALUD 

FIGURE 4

Comparison of post-intervention minus pre-intervention delta values of sleep and nutritional assessment for the control group and educational group 
(unadjusted). Data is presented as median (interquartile range). MNA, mini nutritional assessment, *p  <  0.05, **p  <  0.01, ***p  <  0.001.

FIGURE 5

Adjusted comparison of post-intervention minus pre-intervention delta values for sleep and nutritional assessment between the control and 
educational groups. Data is displayed as the mean  ±  standard error of the mean. MNA, mini nutritional assessment. Statistical significance is indicated 
by asterisks: *p  <  0.05, **p  <  0.01, ***p  <  0.001.
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study represents an effective intervention for older adults residing 
in the community, irrespective of their age, sex, or 
educational status.

Two systematic reviews have indicated that exercise and 
nutritional interventions may not be effective in improving the results 
of the tandem test and the sit-to-stand test in pre-frail and frail adults 
(42). In contrast, the educational program conducted in the 
FRAGSALUD project achieved improvements in balance and lower 
body performance in community-dwelling older adults with frailty or 
pre-frailty. However, it is possible that even though there are no 
predefined cut-off points for balance (34) and lower-limb strength 
performance (43) in older adults, the improvements observed in the 
educational program in these tests are still beneficial for the older 
population. In this regard, the FRAGSALUD program achieved a 
reduction of nearly 8 s in the performance time of the 5-repetition 
sit-to-stand test and an improvement in the 5-repetition sit-to-stand 
test power by 28%. While this improvement is slightly lower than the 
47% increase reported in a six-week exercise-focused program (39), it 
is still noteworthy that in only 4 sessions, the muscle power of older 
adults with frailty phenotype increased almost 30%. However, it’s 
noteworthy that the improvements observed in the tandem test 
disappeared when the analysis was adjusted for covariates. This 
implies that these improvements may be  more closely related to 
factors such as age, sex, frailty status, or educational background 
rather than the intervention itself.

Despite the significant improvements in physical function, our 
findings were not directly attributed to the levels of physical activity 
or inactivity measured by accelerometry over one week, neither in the 
unadjusted models nor in the adjusted models. Both the control and 
intervention groups maintained similar physical activity levels after 
6 months. These results align with findings from previous studies (44). 
Indeed, a systematic review has revealed that approximately half of the 
health education interventions designed to enhance physical activity 
were not successful (45). This suggests that such interventions may not 
be effective in increasing physical activity in this particular population. 
In addition to this, the results from this study could be explained due 
to the device used. It is crucial to acknowledge that the accelerometers 
employed in this study were primarily designed to assess ambulatory 
physical activity and may not accurately capture the stationary 
resistance exercises that were incorporated into our program (46). 
Indeed, positive health effects associated with increased MVPA have 
been well-documented in this population according to previous 
studies (47). Thus, this limitation of accelerometers in capturing 
resistance exercises could potentially explain the lack of a significant 
intervention effect on physical activity outcomes.

Previous studies have demonstrated that frailty is associated with a 
significant decrease in sleep quality (48). Moreover, as individuals age, 
notable changes occur in sleep patterns, including alterations in sleep 
quality and quantity, such as slow-wave sleep, spindle density, and sleep 
continuity (49). However, the existing literature on interventions to 
enhance sleep in older adults remains limited, with exercise being the 
primary consideration for potential improvement in sleep quality for this 
population (50). Similarly, maintaining adequate nutrition has been 
shown to improve the sleep quality of older adults (51). Consequently, 
given that two of the sessions of the FRAGSALUD program were focused 
on both exercise and nutrition, an improvement in sleep quality or 
efficiency was expected. Nonetheless, no significant changes were found 
for almost any of the sleep variables assessed with both groups obtaining 

similar results in both the pre- and post-intervention both in the 
unadjusted models nor in the adjusted models. This could be due to sleep 
being measured using a wrist-worn accelerometer which could be seen 
as a limitation due to the accelerometer estimating sleep from movement 
patterns and not asses the actual sleep. Notwithstanding, sleep patterns 
assessed through accelerometry showed that the nocturnal awakenings 
were prevented in the intervention group of the FRAGSALUD study. 
Notably, the control group experienced a noteworthy increase of 1.32 
awakenings per night after 6 months, while the educational group 
maintained stable levels of awakenings. Despite the increase in the 
number of awakenings in the control group, it is worth mentioning that 
this did not have a noticeable effect on sleep efficiency, which might 
compromise the use of this measure (i.e., sleep efficiency) for establishing 
recommendations for healthy ageing in frail older adults.

Nutritional habits and nutritional status are also essential factors 
in promoting healthy ageing and hold special relevance in the context 
of frailty (52). A qualitative assessment of nutritional status using 
MNA has been associated not only with the progression of frailty (53) 
but also with a lower risk of developing cognitive frailty in individuals 
who meet at least one of the criteria for this condition (16). Moderate 
effect sizes were observed in the MNA scores of this population, with 
similar improvements reported by previous studies with physical 
training and nutritional interventions conducted in older adults with 
pre-frailty and frailty (54). Nutrition, either alone or in combination 
with exercise, plays a significant role in managing malnutrition (55). 
Previous studies have demonstrated the effectiveness of exercise and 
nutritional education in improving the frailty status of community-
dwelling adults aged 60 years or older (9). The results of this study 
emphasize the potential benefits of educational interventions in 
improving nutritional status in community-dwelling older adults and 
potentially mitigating the adverse consequences linked to frailty, 
irrespective of their age, sex, physical frailty status, and educational 
background. This is an interesting result, particularly given the 
association of malnutrition with age (56). The observed improvement, 
irrespective of the participants’ age or other potential covariates such 
as educational status (which could be linked to a better understanding 
of the intervention), indicates that the FRAGSALUD intervention is 
an effective program for reducing the risk of malnutrition in older 
adults living in the community. However, despite the reduction in the 
risk of malnutrition in the intervention group, no significant 
differences were found for any of the anthropometric variables in the 
present study.

This study has several limitations that should be considered. Firstly, 
the study’s sample was limited to participants from the southern region 
of Spain, potentially restricting the generalizability of the findings to 
other populations or geographic areas. Furthermore, it’s crucial to note 
that the study’s results only reflect the outcomes of the educational 
intervention at the 6-month mark. To gain a more comprehensive 
understanding of the long-term effects and sustainability of these 
changes, conducting follow-up evaluations over an extended period 
would be valuable. Future studies should investigate whether these 
changes endure over time. Furthermore, it’s important to acknowledge 
that the control group was older and had more Fried’s criteria than the 
intervention group at the outset, which could potentially influence the 
results. However, it’s noteworthy that after six months, the results in the 
control group remained consistent, as well as the results after adjustin 
by these covariates This suggests that the differences observed between 
the two groups were not solely due to age or baseline frailty criteria but 
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were likely influenced by the intervention itself. Nonetheless, despite 
the inclusion of some covariates in the analysis, it’s worth noting that 
other factors, such as economic status, which were not included, may 
also impact the results. This represents a limitation of the study. 
Another limitation relates to the assessment of malnutrition risk, which 
relied on interviewer questionnaires. This approach is susceptible to 
recall bias and may not accurately reflect participants’ actual 
behaviours. Additionally, the accelerometer used in the study was worn 
on the wrist and assessed sleep based on movement patterns rather 
than directly measuring sleep. Nonetheless, wrist-worn accelerometers 
are generally considered a minimally invasive method with good 
validity for assessing sleep behaviours in day-to-day life (57). Lastly, the 
study did not incorporate motivational interviews to change behaviour, 
which could potentially limit the impact of the program.

Nonetheless, this study has several strengths. The 
FRAGSALUD program is an intervention easy to implement in 
the healthcare system, based on only 4 multitargeted sessions 
with phone calls as follow-up control during the subsequent 
months, making it an easy and useful tool for the healthcare 
system. In addition to this, frailty has been evaluated using 
different tools such as Fried’s questionnaire which focuses on 
both physical function and mental state, and SPPB evaluation 
which mainly focuses on physical frailty. Similarly, this study 
includes an integral evaluation of older adults, encompassing 
physical activity and sleep using more objective tools than 
questionnaires, nutritional assessment, physical function, 
and frailty.

5 Conclusion

The 6-month educational program improved physical function, 
sleep patterns, and nutritional status compared to the usual healthcare 
attendance in community-dwelling older adults with frailty or 
pre-frailty, regardless of their sex, age, frailty status, and educational 
background. The educational intervention of the FRAGSALUD study, 
consisting of 4 grouped sessions with 6 follow-up calls over 6 months, 
not only proved to be  effective but also minimized associated 
challenges, making it easily implementable within care routines. The 
simplicity and affordability of the FRAGSALUD intervention make it 
a feasible option for addressing frailty in older adults living in the 
community, potentially contributing to healthy ageing. Further studies 
with a longer follow-up are encouraged.
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High blood pressure is the world’s leading risk factor for mortality, affecting 
nearly half of the global population aged 50–79  years. Physical inactivity is one 
factor contributing to the prevalence of hypertension. This paper discusses a new 
concept for the management of hypertension in older persons. We are inclined to 
fade the current guidelines used in China, the United States, and Europe. Although 
demonstrating irrefutable benefits for blood pressure regulation, the guidelines 
fail to address the need to incorporate balance exercises, which are crucial for 
mitigating the risk of falling. We address three pressing questions regarding the 
efficacy of various combinations of exercise modes for blood pressure regulation, 
alongside providing an overview of balance exercises. At the core of our concept, 
we explicate the challenges inherent in addressing the global pandemic of physical 
inactivity and hypertension in regular socioeconomic people. No guidelines 
could change the state of inactivity by jumping between zero and all things, 
where “zero” symbolizes conditions such as physical inactivity and hypertension, 
and the concept of “all things” encompasses the ideals of an active lifestyle and 
healthy aging. We advocate a Taoist way, “zero–one—all things,” where “one” in 
this context refers to an inclusive and culturally diverse exercise training cocktail. 
The Tao guides us to illuminate an ancient way of overcoming physical inactivity-
associated diseases in the present day.

KEYWORDS

balance, blood pressure, falls, physical activity, meta-analysis, Tai Chi, Tao

1 Introduction

Dating back to the Warring States Period, the Esoteric Scripture of the Yellow Emperor made 
observations regarding the impact of an irregular pulse on human health (1). The scripture 
noted that over-consumption of salt might lead to impaired blood circulation and subsequently 
impact one’s facial complexion (“多食鹹則脈凝泣而變色”), and that those who consume 
excessive amounts of salt and experience heart failure may exhibit an increased and hardened 
pulse (“[脈]盛而緊曰脹”). These vivid writings may constitute the earliest documentation of 
primary hypertension (hereafter, hypertension), suggesting that hypertension is not a recent 
ailment. Nevertheless, as we learn from the oracle bone script and beyond, securing a sufficient 
calorie intake was the paramount daily concern for the ancient Chinese, and the population 
halved every few hundred years as a result of famine and revolt (2). Obesity, insulin resistance, 
high alcohol intake, aging, or sedentary lifestyles are all recent “luxury” causes of hypertension 
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(3) that have emerged in industrial societies, making hypertension a 
modern disease.

In 2019, approximately 1.3 billion of the global population aged 
30–79 years were living with hypertension (4). Hypertension has 
emerged as the primary risk factor for early mortality on a global scale, 
resulting in an estimated annual count of 10.8 million avoidable deaths 
(5). During the 78th Session of the United Nations General Assembly, 
the World Health Organization officially launched global efforts to 
prevent and cure this global disease, which it has referred to as “the race 
against a silent killer” (6). The worldwide hypertensive population will 
continually trend higher in the absence of lifestyle modifications, among 
which the level of physical activity plays a crucial role in the prevention–
development–management nexus of high blood pressure (BP).

To date, there is conclusive evidence that physical inactivity is an 
etiology of hypertension and, conversely, regular physical activity 
(hereafter, exercise training) is an important adjuvant to standard 
pharmacological treatments (7). Despite its exceptional preventive 
and therapeutic values, the global level of physical activity has been on 
a downward trend and accelerated throughout the height of the 
COVID-19 pandemic (8). Should the existing prevalence of physical 
inactivity remain unchanged, a staggering 240 million new cases of 
preventable hypertension are projected to emerge worldwide between 
2020 and 2030, which will impose a more than 115 billion US dollar 
burden on public healthcare systems (9). This polarization between 
evidence and action can be ascribed to myriad problems (10), but the 
elephant in the room is the lack of an all-round exercise training 
recommendation considered for regular socioeconomic people.

In this perspective, we first provide an overview of the existing 
exercise training guidelines for treating hypertension, with a focus on 
older persons. Old age is an independent risk factor of hypertension. On 
a global scale, the prevalence of hypertension among adults aged 
30–79 years is estimated to be 33%, with a notable rise to 49% among 
those aged 50 to 79 (11). With the global demographic shift towards an 
aging society, hypertension will impose an even greater burden on 
healthcare systems. The aim of this discussion is to illuminate a way 
towards all-round exercise training guidelines for regular socioeconomic 
people with hypertension.

2 Exercise guidelines

The lack of policy emphasis on physical activity has been subject 
to criticism for impeding the successful implementation of evidence-
based exercise training programs (10). But it is also important to 
be  honest about the scale of the challenge. Part of the reason for 
hypertensive patients’ current condition is a lack of exercise training. 
This further exacerbates the difficulties associated with engaging in 
exercise training when they are well past the stage of developing 
habitual active living habits, from both a physiological and 
psychological perspective. Meanwhile, individuals diagnosed with 
hypertension tend to have an increased susceptibility to comorbidities, 
such as the progressive development of cardiovascular diseases, 
diabetes mellitus, and renal diseases (12, 13). Sub-optimal health 
circumstances considerably limit options for participating in highly 
structured exercise training programs. Furthermore, the effectiveness 
of exercise training is significantly influenced by exercise adherence, 
with ample evidence confirming that acceptable adherence rates are 
achieved only in short-term, supervised clinical settings (14).

With the aforementioned practical barriers in mind, we  will 
examine three exercise training guidelines that are currently 
recommended for hypertensive patients in China, the United States, 
and Europe (15–17). The guidelines, illustrated in Figure  1, all 
advocate the inclusion of both aerobic and resistance exercises on a 
regular basis, typically spanning most days of the week, as an effective 
approach to reducing BP. American institutions value both aerobic 
and resistance exercise equally, while Chinese and European 
institutions prioritize aerobic exercise, with additional benefits derived 
from incorporating resistance exercise. In addition, the American 
guidelines suggest adding isometric resistance, which is a well-
founded recommendation given that there is a significant correlation 
between a reduction in handgrip strength and the occurrence of 
old-age disabilities (18). These guidelines are backed by strong clinical 
evidence; therefore, it is not unexpected that they share similarities. In 
the meantime, we are inclined to suggest that they also reflect the 
trend of following the academic zeitgeist.

In the current context, domain-theory-driven guidelines 
demonstrate conceptual rigor but are somewhat impractical in real-life 
situations—it is as if we expect conscientious hypertensive patients to 
constantly evaluate their health status and activity requirements, and 
then factor in this information to their daily decision-making process. 
In everyday life, regular socioeconomic people often do not grasp the 
concept of periodic exercise training (19) and they may struggle to 
understand scientific methodology explained in specialized terminology. 
Indeed, there are even academic debates surrounding the technical 
language used in the assessment and prescription of exercise intensity, 
prompting the European Association of Preventive Cardiology to 
provide clarification and standardization of the terminology used (20). 
Moreover, as numerous experiences have indicated, once individuals 
transition from in-person supervised exercise training to the home 
environment, long-term exercise adherence cannot be maintained. All 
of these factors leave a practical gap between knowledge of the benefits 
of exercise and the behavioral changes required for maintaining exercise 
training among the hypertensive population.

The above critique is not a new point of view. The current physical 
activity guidelines of the World Health Organization recommend that 
all persons aged over 65 years engage in multi-component physical 
activity that prioritizes functional balance and strength training (21). 
Our recent meta-analysis further reviews evidence of the cellular 
advantages associated with multi-component exercise training and its 
implications for extending the healthspan (22). Therefore, the true 
deficiency in the existing guidelines for the management of 
hypertension is the lack of specific multi-component exercise training, 
as well as the absence of any reference to an exercise countermeasure 
to address a significant risk factor for premature mortality—accidental 
falls among older persons. The resultant gap is a small deficiency in 
exercise training modes, and a seemingly “little” accident can lead to 
a much higher probability of older persons losing their ability to live 
independently or may even lead to them dying.

Falls represent the leading cause of injuries among older persons 
in China (23) and the United States (24), with the resulting injuries 
strongly contributing to complications and death within this 
population globally (25). Aging and hypertension often coexist, leading 
to a higher incidence of falls. Inconveniently, the use of anti-
hypertensive medication in older persons may amplify the risk of 
falling. A cautious interpretation of longitudinal studies points to 
hypertension exacerbating age-associated fall risks, the initiation of 
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anti-hypertensive drugs (26, 27) may further expose individuals to 
such risks, and the intensification of anti-hypertensive drug usage (26, 
28) may heighten the long-term risk of falling in older patients. While 
exercise-induced reduction in BP is reported to reduce all-cause 
mortality by 4% (29), which is a welcome development, the obvious 
concern is that a single severe fall could end many efforts at staying 
healthy, if not an older person’s life. From a practical perspective, none 
of the aforementioned exercise training guidelines for hypertension 
provide a complete recipe for success in the pursuit of healthy aging. 
To our knowledge, only the recent revision of the International Society 
of Hypertension’s guideline mentions the need for additional flexibility 
and balance exercise (30). Nevertheless, neither the infographic 
intended for public consumption nor the technical description provide 
an evidence-based approach toward balance exercise. Consequently, 
there is an enormous gap in existing anti-hypertensive exercise training 
guidelines, necessitating the inclusion of multi-component activities 
with special consideration to balance exercise for older persons.

3 Remixing meta-analyses

According to the World Health Organization (21), multi-
component exercise training involves “combinations of balance, 

strength, endurance, gait, and physical function training.” When 
expressed in strict, straightforward terms, whether the existing 
guidelines (15–17, 30) can achieve comparable BP benefits to 
concurrent aerobic and resistance exercise is in some respects 
debatable, but the overarching point is that these guidelines do not 
explicitly mention the inclusion of multi-component exercise modes 
within the same session, and nor do they address the aspect of balance 
exercise. Hence, multi-component exercise training in this perspective 
can be  operationally defined as a structured exercise session that 
integrates aerobic, resistance, and balance exercises with the aim of 
reducing BP and enhancing balance. Ideally, multi-component 
activities could concurrently improve flexibility. To provide a concise 
overview of scientific evidence on exercise training outcomes, 
we  examined updated meta-analyses and will present a few 
representative studies published by leading academic societies. Three 
research questions are retrospectively examined.

Question 1: Which type of exercise training is better in terms of 
BP control? When combined with hypertension medication, aerobic 
exercise could significantly reduce daytime systolic and diastolic BP 
by −5 and −3.5 mmHg, respectively (31); resistance exercise could 
significantly reduce daytime systolic and diastolic BP by −4.7 and 
−3.5 mmHg, respectively (32); and isometric resistance exercise could 
significantly reduce daytime systolic and diastolic BP by −7.5 and 

FIGURE 1

Featured exercise training guidelines for the management of hypertension.
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−3.2 mmHg, respectively (33). Since previous meta-analyses of multi-
component exercise training for the treatment of hypertension only 
covered a small amount of the available literature (n = 2) (31) or 
examined its effect on systolic BP only (34), we conducted an updated 
one (n = 7) and present the results here (see also the Supplementary 
Material for detailed methods: https://doi.org/10.6084/
m9.figshare.24247861.v1). Based on empirical evidence from older 
persons with hypertension, multi-component exercise training could 
significantly reduce daytime systolic and diastolic BP by −9.5 and 
−6.7 mmHg, respectively (35–41). Of note, high-intensity interval 
training is not taken into consideration in our perspective due to the 
lack of evidence supporting its long-term adherence among older 
persons. Taken collectively, multi-component exercise training 
appears to offer additional benefits in controlling BP compared to 
aerobic or resistance exercise training alone.

Question 2: Does exercise training improve balance or reduce the 
risk of falling in older persons with hypertension? This question is 
difficult to answer for two reasons. First, the current guidelines (15–17) 
overlook the need of including balance exercise in exercise training 
programs for older hypertensive patients, and it is evident that balance 
assessment was seldom included as an outcome measure in the relevant 
literature. Second, there is no universally accepted diagnostic criterion 
for assessing the risk of falling. Several assessments, such as the one-leg 
standing test (42) and the timed up and go test (43), have acceptable 
discriminatory ability in identifying the risk of falling among 
low-functioning older persons. With these shortcomings in mind, 
we undertook a subsequent meta-analysis, specifically addressing multi-
component exercise training (see also Supplementary Material). Based 
on the available evidence (n = 4) (35, 39, 40, 44), the results of the timed 
up and go test indicate a difference of −0.26 s (95% CI −0.66 to 0.14) 
between the multi-component exercise training group and the no 
exercise training group. In simpler terms, a combination of aerobic and 
resistance exercise (39, 40), or aerobic and functional exercise (35, 44), 
did not improve balance or reduce fall risks. Our cautious takeaway is 
that multi-component exercise training, in the absence of a dedicated 
balance exercise, is unable to effectively achieve both BP control and 
balance improvement simultaneously.

Question 3: What do empirical data suggest about the efficacy of 
exercise modes in enhancing balance among older persons in general? 
To ease the promotion of balance exercises, we introduce approaches 
with the potential to serve as a feasible framework transcending 
ethnoses and socioeconomic boundaries, and we  interpret the 
academic literature using the common-language effect size (45). The 
simplest form of linear movement approach—Nordic walking—has 
been shown to have a 58.4% chance of improving dynamic balance 
(timed up and go test) in healthy older persons (46). Backward 
walking has been found to enhance static balance (one-leg standing 
test) by 0.91 s in healthy older persons (47), equivalent to an 
approximate 5% decrease in the likelihood of experiencing hip 
fractures (48). Although such odds seem like a coin toss, it is 
important to note that walking has the potential to be the most widely 
practiced activity for preventing falls in an unsupervised home 
environment (49). Stepping exercises can be implemented to enhance 
the complexity of gait training in a two-dimensional manner, and this 
approach has been found to have a 61.4% chance of enhancing 
dynamic balance (timed up and go test) in older persons (50). When 
it comes to 3D-type balance exercises, Pilates and yoga are popular 
exercises among women. Pilates training has been found to have a 

70.2% chance of enhancing dynamic balance (timed up and go test) 
(51), while yoga has been found to have a 67.5% chance of enhancing 
overall balance (52) in healthy older persons. In the last two decades, 
the health and therapeutic benefits of Taijiquan (commonly known as 
Tai Chi) has garnered more acknowledgment beyond China (53, 54). 
Research conducted on older persons found that engaging in Taijiquan 
practice improved static balance (one-leg standing test) by an average 
of 5.33 s (55), and has been found to be associated with a 20 and 31% 
reduction in the risk of falling and rate of falls, respectively (56). It is 
worth mentioning that Taijiquan practice as a part of anti-hypertensive 
intervention could significantly reduce daytime systolic and diastolic 
BP by −12.5 and − 6.5 mmHg, respectively (57), which highlights its 
origins as a martial art. It is said that “They do not hurt each other, and 
the virtue in each one refreshes both” (Tao Te Ching, Chapter 60). 
We believe that practicing any of the aforementioned balance exercises 
will be beneficial for older persons in the long term and two is greater 
than one.

4 Zero, one, then all things

In 485 BCE, prior to Lao Tzu embarking on his final journey into 
the wilderness, he composed Tao Te Ching, wherein he articulated the 
Tao ideas: “The Tao begot one. One begot two. Two begot three. And 
three begot the ten thousand things.” More than a decade ago, when 
I asked my mentor (Phil Bishop, Emeritus Professor of the University of 
Alabama) for his advice on recommended exercise for weight loss, his 
response was succinct: “move first.” By combining contemporary insight 
with ancient wisdom, we advocate for a holistic approach to promote 
physical activity — “zero, one, then all things”. Esoteric though it may 
be, this is the natural sequence, especially now, as academics ponder the 
growing contrast between their sound scientific exercise prescriptions 
and the pandemic of physical inactivity (10). Too often, overly 
prescribed exercise intensity has actually been a source of muted 
positive affective responses (58), particularly among sedentary 
individuals (59)—indeed, it has been a sponsor of low 
exercise adherence.

With apologies to the billions of wonderful people on Earth, let 
the authors portray the realities facing regular socioeconomic people. 
These people are usually not inspired by academic jargon. They are 
often exposed to cheap, low-nutrient dense calories (60) and are often 
engaged in physically light duties. They have the highest marginal 
propensity to essential consumption. Moreover, they are mostly 
insulated from fiscal largesse. These factors are all ominous for the 
race against physical inactivity.

For the Taoists, such a non-movement, abstract being state can 
be referred to as zero, the formless essence of the Universe at the 
beginning. In contrast, exercise training can be viewed as a formed 
state. The current guidelines on one step fixing the “zero” overlook the 
natural developmental process where “infants” learn to walk before 
they can run.

The Tao begot one, the change leading to order and then forming 
all things. One in Tao is seen as a symbol of water, with the ability to 
exhibit both gentle and gradual movements, as well as the capacity to 
erode even the most resilient of rocks over time. Above all, water is 
esteemed for its greatest virtue of fostering life and sustaining the 
existence of all things. The sooner people accept that the one is the 
missing force for differentiation between undifferentiated 
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non-movement and differentiated being, the sooner the world can 
begin to bridge the deep divisions between zero and all things.

Although the emphasis in the current guidelines on effective 
BP-reducing workouts is sound, albeit incomplete in our view, society 
is not ready for the swift adoption of the structured exercises 
prescribed in academic jargon. There must be  a clearly defined 
equilibrium status between the present state and the ideal level of 
physical activity. In Figure 2, we describe the essential “one,” a cocktail 
of walking, balance exercises, and upper-body exercise as a life-
awakening program for hypertensive patients. To begin with, walking 
serves as the fundamental basis for all-round exercise training. 
Walking is the most convenient form of aerobic exercise for older 
persons who do not have severe physical limitations. Walking not only 
decreases BP (61, 62) but also enhances lower limb strength (63), 
hence reducing the risk of falling (64) and all-cause mortality (65). 
Thus, it functions as a holistic means of managing hypertension, 
balance, and lifespan for older persons.

Modern medicine has demonstrated the excellent efficacy and low 
toxicity of drugs used in the management of high BP (66). From a 
therapeutic standpoint, exercise intervention is arguably an adjuvant 
endeavor. Put differently, hypertensive patients can live with this medical 
condition without engaging in exercise training, notwithstanding the 
myriad of physiological and financial benefits obtained from exercise. 
Nevertheless, the fact that there is no pill targeting age-associated decline 
in balance control underscores the significance of the balance exercise 
component in our way. As mentioned above, there are various culturally 
diverse exercises for developing balance control. Our recent randomized 
controlled experiment demonstrated that a multi-component exercise 

training program, comprising walking and Taijiquan, can enhance static 
balance, as well as improve flexibility, handgrip strength, and lower limb 
endurance in normotensive older persons (67). Hypertensive patients 
within the Chinese cultural radius thus can choose to practice a 
simplified form of Taijiquan, which typically lasts for approximately 
15 min, to improve their balance control. Although new work is 
necessary to validate the effectiveness of a multi-component exercise 
training program that includes walking and yoga, Pilates, or stepping 
exercises for controlling BP and balance control, our assertion of the 
importance of balance exercise within a comprehensive BP management 
strategy is hard to ignore. Thus, incorporating diverse balance exercises 
is the essence of a balanced exercise training program for hypertensive 
patients as they age.

Incorporating a resistance exercise component not only 
contributes to the hierarchical nature of BP-reducing exercise training, 
but also adds to the prospects of improved lifespan outcomes. A 
previous cohort study compared various forms of exercise and sports, 
concluding that engagement in racquet sports exhibited the most 
significant reduction in all-cause and cardiovascular diseases mortality 
(68). A potential explanation may be that racquet sports incorporate 
whole-body movements, aligning with the conclusions of our recent 
meta-analysis (22). Briefly, training a wide range of muscle groups  
can enhance the expression of intracellular nicotinamide 
phosphoribosyltransferase, leading to increased levels of nicotinamide 
adenine dinucleotide during the aging process. This in turn could aid 
older persons in protecting themselves against environmental insults 
and enhance BP management in people with hypertension (69). 
Nevertheless, we do not explicitly recommend hypertensive patients 

FIGURE 2

Taoist’s exercise training concept — zero, one, then all things. Note: Texts should be read from top to bottom and from right to left.
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to engage in racquet sports as a form of upper-body exercise. From 
our perspective, regular socioeconomic people lack the necessary 
resources, such as finances and time, to participate in racquet sports 
on a daily basis. As a feasible alternative, we suggest incorporating 
straightforward yet effective upper-body exercises to encourage and 
establish exercise adherence.

None of the existing guidelines (15–17, 30) include targeted exercise 
recommendations for individuals with impaired lower limb function or 
disability, which is another critical deficiency. Our way first seeks to 
extend the boundaries of exercise training guidelines and includes special 
sociodemographic populations. Although exercise equipment such as an 
arm crank ergometer could address the mobility dilemma, we explicitly 
recommend using a sports wheelchair as an optimal choice for exercise 
training. Despite both the arm crank ergometer and sports wheelchair 
having the potential to provide similar physiological benefits when 
handled correctly, the key distinction lies in the exercise environment. 
Engaging in exercise training in calm outdoor environments, such as 
walking, using a sports wheelchair, or practicing Taijiquan in a park, can 
enhance sensations of vigor, which in turn have a positive impact on 
mental wellbeing and exercise attendance and adherence (70). Finally, 
although poor mobility or disability should not be used as a justification 
for physical inactivity, it is important to acknowledge the lack of 
awareness, knowledge, and financial challenges experienced by regular 
socioeconomic people. To address this issue, it is necessary to establish a 
collaborative governance system where the government takes the lead in 
providing fiscal support and mobilizing society forces (71). This would 
enable the dissemination of instructional materials and the co-funding 
of affordable products to fulfill the specific market demands.

One notable feature of the Taoist way is its potential to achieve a 
harmonious blend of scientific principles and sustainability. Using 
walking as a focal point, our way does not specify the pace of walking, 
as empirical data align with the hedonic theory and support the use 
of self-paced intensity to promote exercise adherence, especially if 
individuals are not used to being physically active (72). While it may 
seem that engaging in a 45-min self-paced walking activity may not 
meet the recommended thresholds for reducing the risk of falling 
(5,000 steps per day) (64) and all-cause mortality (6,000–8,000 steps 
per day) (65), it is essential to not to lose the sight of the fact that our 
way aims to cultivate a disciplined active lifestyle among sedentary 
individuals in the later stages of life. After following the “one” for at 
least a year, hypertensive patients are advised to progressively 
incorporate additional scientific guidelines (15–17) as needed, which 
represents the second stage of the formed state. Ultimately, Tao resists 
objectification yet is immanent in the way cultivated people 
spontaneously engage in physical activity and generate health benefits.

5 Conclusion

Tao is the way and science is the light, from which we project 
ourselves into the global situation and form this guide. It will serve as 

an impetus for further discussion of the early prevention of 
noncommunicable diseases and robust systems of governance for 
population fitness (71). It is said that “Under heaven nothing is more 
soft and yielding than water. Yet for attacking the solid and strong, 
nothing is better.” Overall, we salute the ancient wisdom by orienting 
a multi-component exercise training cocktail, featuring inclusive 
sociodemographic populations and culturally diverse balance 
exercises for the management of hypertension.

“The ten thousand things carry yin and embrace yang. They 
achieve harmony by combining these forces.” — Lao Tzu, Chapter 
42 of Tao Te Ching
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Objective: Enhancing overall health remains a primary global objective, with 
lifestyle being a crucial factor impacting the health status among older adults. This 
study focuses on the lifestyle of Chinese older adults, systematically exploring the 
evolution and characteristics of their lifestyle and investigating its impact on their 
health.

Methods: Utilizing panel data from the Chinese Longitudinal Health Longevity 
Survey (CLHLS) from 2008, 2011, 2014, and 2018, we  adopted 15 indicators 
reflecting older adults’ lifestyle. Latent class analysis and ordinary least square 
regression were used to uncover the structural nuances of the Chinese older 
adults’ lifestyle and its effects on health.

Results: The study identifies three distinct lifestyle categories for the older adults: 
relatively positive, mixed, and relatively negative. It reveals that the Chinese older 
adults do not predominantly adopt a positive lifestyle, and this trend persisted 
from 2008 to 2018. Each improvement in lifestyle category significantly boosts 
the older adults’ physical health, mental health, and self-assessed health by 11.2%, 
3.6%, and 17.1%, respectively.

Conclusion: To attain the strategic aim of healthy aging, efforts should prioritize 
encouraging the older adults to adopt a positive lifestyle, enhance the geriatric 
health service system, and promote an intelligent lifestyle management model.

KEYWORDS

lifestyle, older adults, health, healthy aging, China

1 Introduction

Health is the most fundamental human right, and the achievement of a high health standard 
stands as one of the most vital global social goals. The World Health Organization pointed out 
that health is a state of complete physical, mental and social well-being and not merely the 
presence of disease or uncertainty, emphasizing the multidimensional nature of health and the 
need to assess the health status of individuals or groups from multiple aspects. However, older 
adults generally have varying degrees of health problems. In China, nearly 70% of older adults 
in China suffer from chronic diseases, the proportion of disabled and semi disabled older adults 
in the population of older adults has reached 18.3, and 80–90% of older adults have varying 
degrees of psychological problems, personality disorders, or bad behavior habits. Among them, 
about 27% of older adults have psychological problems such as anxiety and depression that affect 
their normal physical and mental health (1).
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Research on influencing factors of health can be traced back to the 
to the last century, Grossman (2) pointed out that healthcare, income 
level, lifestyle, education level, and living environment are all related 
to health levels. As a response to the global aging phenomenon, 
scholars have analyzed the impact of various factors the health status 
of the older adults from multiple perspectives such as medicine, 
sociology, economics, and management. Studies reveal that individual 
demographic attributes such as marital status, income, educational 
attainment, and socioeconomic status are crucial variables that 
significantly impact older adults’ health (3, 4). Family characteristics 
such as social support, residential arrangements, or older adults’ care 
patterns have a positive impact on the physical and mental health of 
the older adults (2, 5, 6). Social characteristics such as social insurance 
and medical care services are also related to the health level of the 
older adults (7, 8).

In the past 20 years, more and more people have been prone to 
chronic diseases related to lifestyle. Lifestyle related to health have 
gradually become a research hotspot. According to data from the 
World Health Organization, health = 15% genetic factors + 10% social 
factors + 8% medical conditions + 7% climate conditions + 60% 
personal behavior and lifestyle factors (9). Lifestyle has become the 
primary factor restricting human health. Compared with other age 
groups, the physical fitness and activity abilities of the older adults are 
relatively weak, and they are deeply influenced by historical culture 
and traditional customs. The lifestyle of the older adults has its own 
uniqueness. In recent years, research on the lifestyle of the older adults 
has mainly focused on two aspects. On the one hand, the current 
situation and determining factors of lifestyle and health knowledge 
among the older adults. Yin et al. (10) described the lifestyle and 
health knowledge status of older adults through sampling methods, 
and pointed out that their health literacy and behavior are influenced 
by education level, race, previous occupation, family income, age, 
physical exercise, physical examination, smoking, and access to health 
information. Warr et al. (11) pointed out that socioeconomic status 
often affects individual lifestyle through the combined effect of 
material, neighborhood environment or social psychological factors. 
In recent years, the Internet has provided new tools for older adults to 
actively obtain health information and learn about disease prevention 
knowledge (12, 13). On the other hand, the impact of older adults’ 
lifestyle on their health status. Research has shown that a healthy 
lifestyle plays a significant role in effectively reducing the incidence of 
diseases such as coronary heart disease and obesity, delaying aging, 
and improving physical function. Specifically, Miranda et  al. (14) 
found that physical exercise and reasonable dietary adjustments can 
alleviate symptoms in hypertensive patients. Ersserc et al. (15) pointed 
out that lower sleep quality not only affects human health but also 
hinders the recovery of diseases in the older adults. Karim et al. (16) 
found a significant positive correlation between physical activity and 
health self-assessment in 15 European Union countries. Room and 
Babor (17) pointed out that drinking alcohol can cause over 60 health 
threatening diseases and life threatening events, accounting for 4% of 
the global disease burden. Joana et al. (18) found that physical activity 
during leisure time significantly affects self-assessed health status, but 
alcohol consumption is not associated with poor self-assessed health 
and Zhu et al. (19) found physical activity has a negative predictive 
effect on geriatric depression. Helgeson (20) pointed out that 
communication and interaction between neighbors and friends can 
alleviate the loneliness and psychological pressure of the older adults, 

and have a positive impact on their health self-assessment. Gupta and 
Yang et al. pointed out that social activities play an important role in 
promoting the health of the older adults (21, 22). Cotte et al. and 
Chopik found that internet use significantly reduces loneliness and 
depression of older adults (23, 24) and Zhao et al. (25) found WeChat 
use is associated with a lower level of depression.

Existing literature reveals a substantial body of research 
investigating the health issues of the older adults, employing various 
indicators. Nonetheless, the overall body of work exploring the 
correlation between lifestyle and older adults’ health remains 
somewhat scant, manifesting several distinct shortcomings: Firstly, the 
preponderance of existing studies fixates on how risky lifestyle impacts 
the physical health of the older adults, as well as the how social 
participatory lifestyle impacts on their mental health. This focus 
overlooks the comprehensive value of lifestyle for health, as regardless 
of which lifestyle, it is closely related to physical health and mental 
states. Secondly, many investigations choose a single behavior as the 
principal dependent variable, often utilizing data from a specific 
region. Even in studies featuring multidimensional indicators, the 
treatment of lifestyle variables typically amounts to a simplified 
summary, which fails to fully capture the intricate effects of the 
lifestyle of Chinese older adults on their health. Thirdly, given the 
profound connection between health problems and medicine, most of 
the existing research adopts a medical paradigm (26), with fewer 
studies adopting the perspectives and methodologies of economics or 
demography. Consequently, there is a notable absence of discussions 
surrounding endogenous problems and intermediary 
influence mechanisms.

Building on these considerations, based on the four-phase data 
from the Chinese Longitudinal Health Longevity Survey, this study 
contributes to the existing body of knowledge in significant ways. 
Through latent class analysis, strive to systematically illustrate the 
broad panorama of the older adults’ lifestyle by incorporating 15 
lifestyle indicators. Through ordinary least square, assess the impact 
of older adults lifestyle on their physical health, psychological health, 
and self-perceived health, and delve into potential endogenous issues 
associated with the lifestyle’s impact on older adults’ health, thereby 
enhancing and supplementing existing research. The study aims to 
reveal the overall picture of the lifestyle of the older adults, 
comprehensively examine the impact of their lifestyle on the health, 
thus promoting the cultivation of healthy lifestyle for the older adults, 
improving their health level, and facilitating the achievement of 
active aging.

2 Methods

2.1 Study design and sample

The data utilized in this study is derived from the Chinese 
Longitudinal Health Longevity Survey (CLHLS), a project 
collaboratively undertaken by Duke University and Peking University. 
The CLHLS is recognized as the largest global survey in the field of 
health and longevity, specifically focused on China. To date, CLHLS 
has conducted face-to-face interviews in 1998, 2000, 2002, 2005, 2008, 
2011, 2014, and 2017–2018, with 8,959, 11,161, 20,428, 18,549, 20,366, 
10,188, 7,192, and 15,874 individuals, respectively by using multi-
stage hierarchical clustering sampling. The sample encompasses the 
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eastern, central, western, and northeastern regions of mainland China, 
covering 23 provincial administrative units. The survey extensively 
investigates the health status and social, behavioral, biological, and 
environmental risk factors of the older adults. In addition to baseline 
surveys of those aged 80 years and above, earlier surveys have 
incorporated those aged 65 years and above, evaluating diverse facets 
such as their basic personal and familial statuses, socio-economic 
backgrounds, family structures, economic sources, health conditions, 
self-evaluations of life quality, cognitive functions, psychological 
characteristics, daily activity capabilities, lifestyle patterns, care 
provision, disease treatments, and medical expenditures.

Given variations in the age range and specific contents of prior 
respondents, this study excludes the initial three periods of data and 
employs CLHLS data from 2008, 2011, 2014, and 2018. We establish 
a balanced panel data using ‘ID’ as the sole matching criterion. Such 
panel data not only depicts the dynamic changes in lifestyle and health 
status among China’s older adults, but also addresses the interference 
of some time-invariant factors on dependent variables. It enables us 
to handle the missing variable problem more effectively and derive 
more robust causal inferences. After excluding missing values of 
required variables, our sample comprises a total of 2,454 older adults.

2.2 Variables

2.2.1 Dependent variable
This study measures the health status of the older adults from 

three perspectives: physical health, psychological health, and self-
assessed health.

2.2.1.1 Physical health
Physical health is evaluated using the Activities of Daily Living 

(ADL) scale, a widely utilized tool that reflects the level of disability in 
older adults. The scale comprises six indicators: dressing, bathing, 
eating, getting out of bed, using the bathroom, and walking (27). If all 
six activities can be performed independently, as per the questionnaire 
response ‘no need for any help’, the ADL score is considered 
unimpaired, and is assigned a value of 4. Conversely, if assistance or 
complete dependence is required for at least one activity, as indicated 
by the responses “need help” or “cannot do it at all,” this denotes 
disability. Specifically, 1–2 impaired items represent mild disability, 
3–4 moderate disability, and 5–6 severe disability, assigned respective 
values of 3, 2, and 1.

2.2.1.2 Psychological health
The CLHLS questionnaire was only designed in 2018 based on 

Andresen’s Short Version of Center for Epidermal Studies Depression 
Scale (CES-D-10) and Generalized Anxiety Disorder (GAD-7) to 
reflect depressive and anxiety symptoms in the older adults. However, 
in previous surveys, only personality and emotional characteristics 
were inquired about. Analyzing existing research and commonly used 
depression screening scales, it can be found that anxiety and tension 
are one of the important indicators for measuring an individual’s 
mental health status. Due to questionnaire constraints, the study uses 
the question ‘Do you often feel fearful and anxious ‘to reflect the 
psychological health of the participants. The responses “always,” 
“often,” “sometimes,” “rarely,” and “never” are assigned values of 1, 2, 

3, 4, and 5, respectively. These values correspond to varying states of 
psychological health, ranging from very poor to very good.

2.2.1.3 Self-assessed health
Self-assessed health offers an individual’s evaluation of their own 

physical condition. It has been demonstrated in research that self-
assessments can capture comprehensive health information from 
various aspects such as physical, psychological, and social well-being. 
It has good consistency with the subjective and objective health status 
of the body, and is more stable than doctors’ estimated health status 
(28, 29). This study selects the “How do you feel about your current 
health status” in the questionnaire, with a value of 1–5, representing 
very bad, not good, average, good, and very good, respectively.

2.2.2 Independent variable
The lifestyle related to health that this study focuses on is a set of 

health-related behaviors that people choose based on life 
opportunities under existing conditions (30), including smoking, 
drinking, eating, rest, exercise, physical examination, social 
interaction, and other aspects of life. According to policies such as the 
Action Plan for a Healthy Lifestyle for All and existing research on 
health-related lifestyle (31, 32), this study employs 15 indicators to 
capture the lifestyle aspects of the older adults, encompassing four 
primary domains: daily diet, personal hygiene, physical activity, and 
leisure activities. The daily diet indicators consider the consumption 
frequency of fresh fruits, fresh vegetables, pickled vegetables, sugar 
or candy, along with tea-drinking habits, and the long-term 
preference for drinking water type (boiled or un-boiled). Personal 
hygiene indicators encompass smoking and alcohol consumption 
behaviors and the adequacy of sleep (specified as 7 to less than 9 h per 
day). Physical activity indicators include the engagement in 
fundamental daily exercises such as dancing, fitness, and qigong; the 
frequency of partaking in outdoor personal activities; and the 
frequency of gardening and pet care activities, such as raising cats 
and dogs, which are also classified under personal sports. For 
instance, walking dogs necessitates going outside for a walk. Leisure 
activities indicators capture the frequency of watching television or 
listening to the radio—significant means for the older adults to stay 
informed about current events, which forms the foundation for 
societal participation and personal opinion shaping. Other 
considerations include the frequency of card or mahjong games, 
prevalent leisure activities, and the frequency of participation in 
organized events managed by communities or other entities, such as 
choir competitions and sports events.

2.2.3 Control variables
Gender, registered residence, age, educational level, social security 

participation, occupation before the age of 60, income level, living 
arrangements, and marital status are listed as the control variables in 
this study.

2.3 Measurement model

2.3.1 Latent class analysis
The lifestyle of the older adults covers a wide range, with 

differences among different variables and different statistical methods 
for various types of data. Therefore, this study uses latent category 
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analysis to identify potential categories of older adults’ lifestyle based 
on the data itself. Latent Class Analysis (LCA) is the process of 
interpreting the associations between explicit variables of individuals, 
determining their potential feature classification, determining the 
proportion of different types of population, and then adopting 
different intervention strategies for the segmented population. The 
basic assumption is that the probability distribution of various 
responses to explicit variables can be explained by a few mutually 
exclusive latent category variables, and each category has a specific 
tendency to choose responses to each explicit variable (33). This study 
uses Mplus7.4 software to conduct latent category analysis on 15 
explicit variables of older adults’ lifestyle. Firstly, find the best model 
by comparing the fitting indicators of each model. In terms of setting 
the fitting evaluation indicators for the model, gradually increase the 
number of categories from the zero model with only one category, and 
calculate the p-values of AIC, BIC, aBIC, Entropy index, LMR, and 
BLRT. The smaller the values of AIC, BIC, and aBIC, the higher the fit 
of the model. The Entropy index ranges from 0 to 1, closer to 1, and 
the more accurate the model classification is. The p values of LMR and 
BLRT reach a significant level, indicating that the model in this 
category is significantly better than the model in the previous category. 
Secondly, according to conditional probability, we  can judge the 
tendency of each category and name the potential types of health 
behaviors; Finally, the Bayesian posterior probability is used to infer 
the potential category of the older adults, and then the health behavior 
of each older adult is scientifically classified.

2.3.2 Ordinary least square
Given that the three variables of physical health, mental health, 

and self-evaluation health are all ordered variables in the indicators 
for measuring the health status of older adults, some scholars in 
existing literature often use ordered probability models (Ordered 
Logit) or least squares (OLS) for estimation. However, studies have 
shown that when the model is set correctly, there is no difference 
between the advantages and disadvantages of OLS and Ordered Logit 
models (34). However, the estimated coefficient of Ordered Logit 
model has no clear meaning and does not have the meaning of 
marginal utility. Therefore, this study regards the health status of the 
older adults as a specific value in the process of empirical analysis and 
uses panel data linear regression to estimate. Using the software of 
Stata 16.0, this study adopts both fixed effects and random effects 
models, and selects them through the Hausman test. To further 
explore the impact of lifestyle categories on the health status of the 
older adults, the following model is constructed.

 HRQOL Life tyle X Zit it it i i it= + + + + +α β β γ η ε1 s  (1)

Among them, i represents the older adult individual, t  represents 
the observation time point, HRQOLit  represents the health status of 
older adult individual i at time point t , Lifestyleit  represents the 
lifestyle category of older adult individual i at time point t , Xit、Zi  is 
the control variable that changes at each observation time point and 
the independent variable that does not change at different time points, 
including gender, registered residence, age, education level, social 
security participation status, occupation before the age of 60, income 
level, living arrangements, marital status,ηi  is a random individual 
effect, random term εit  is the Error term of older adult individual i at 
different time points.

3 Results

3.1 Descriptive analysis of lifestyle among 
older adults

Whether it is dietary habits, exercise, or even leisure activities, 
older adults exhibit unique lifestyle characteristics, which reflect the 
general patterns of their later life and reveal the impact of various 
factors on their lifestyle. With the development of society, the lifestyle 
of the older adults has also been slowly changing over the past decade, 
and the distribution of various lifestyle indicators varies. The specific 
indicators are shown in Table 1.

From the various indicators of daily diet, older adults do not have 
the habit of consuming fresh fruits, but their consumption of fresh 
vegetables is better, and their preference for pickled foods, sweets, and 
tea is decreasing. The vast majority of older adults are accustomed to 
drinking boiled water. From various indicators of personal hygiene, 
the vast majority of older adults do not have the habit of smoking and 
drinking, but their sleep quality is poor. From the perspective of 
various indicators of exercise, the older adults’ form of exercise is 
mainly outdoor activities, supplemented by daily physical exercise, 
and having fun growing flowers, plants, and pets. About 70% of older 
adults do not have the habit of daily exercise. From the various 
indicators of leisure activities, the enthusiasm of older adults for 
leisure activities during the past decade was not high. The vast 
majority only learned about current events through television and 
radio, and did not actively participate in collective activities such as 
playing cards or mahjong, as well as organized social activities.

3.2 Results of LCA on lifestyle among the 
older adults

The LCA model suitability indicators for the four survey periods 
from 2008 to 2018 are shown in Table 2. The smaller the values of AIC, 
BIC, and aBIC, the higher the fit of the model; The Entropy index 
reflects the accuracy of classification, with a range of 0–1. The closer 
the value is to 1, the more accurate the model classification is. When 
Entropy is equal to 0.6, it indicates that about 20% of individuals have 
classification errors. When Entropy’s value is about 0.8, the accuracy 
of classification reaches over 90%; LMR and BLRT reflect the fitting 
differences of potential category models. If the p-values of the two 
indicators reach a significant level, it indicates that the model of this 
category is significantly superior to the model of the previous category. 
By observing the p-values of AIC, BIC, aBIC, LMR, and BLRT in each 
model, and comparing them comprehensively, the three categories are 
the most ideal models. Therefore, this study divides the lifestyle of the 
older adults into three categories.

By comprehensively observing the conditional probabilities of 
various lifestyle indicators under different options, the lifestyle of the 
older adults can be divided into three categories of relatively positive, 
mixed, and relatively negative. The potential category probabilities of 
older adults’ lifestyle in each year are shown in Table 3. In 2008, the 
lifestyle of the older adults was mainly relatively positive, but the 
probability of potential categories was only 53.87. However, as age 
increases, the lifestyle of the older adults has not shifted toward a 
healthier lifestyle. On the contrary, the potential category probability 
of a relatively positive lifestyle has decreased. In 2018, the potential 
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TABLE 1 Statistical table of healthy lifestyle indicators for the older adults (n  =  2,454).

Category Life indicator Measurement 2008 (%) 2011 (%) 2014 (%) 2018 (%)

Daily diet

Fresh fruit

Rarely or never 19.93 24.12 24.16 24.69

Occasionally 37.65 36.15 34.60 34.11

Quite often 30.68 25.06 26.32 23.47

Everyday or almost everyday 11.74 14.67 14.91 17.73

Fresh vegetables

Rarely or never 1.10 1.26 2.00 2.93

Occasionally 7.09 5.09 6.28 8.03

Quite often 25.51 28.73 28.97 26.16

Everyday or almost everyday 66.30 64.91 62.75 62.88

Salt-preserved vegetables

Rarely or never 31.66 35.62 37.25 45.64

Not every month, but occasionally 15.77 16.18 15.81 16.26

Not every week, but at least once per month 10.19 9.90 12.10 11.21

Not every day, but at least once per week 18.58 20.86 19.40 16.87

Almost everyday 23.80 17.44 15.44 10.02

Sugar

Rarely or never 33.74 37.69 38.51 45.68

Not every month, but occasionally 24.04 19.36 20.33 16.50

Not every week, but at least once per month 11.29 11.90 12.06 11.04

Not every day, but at least once per week 19.60 19.44 18.99 16.99

Almost everyday 11.33 11.61 10.11 9.78

Tea

Rarely or never 48.78 55.38 63.08 74.82

Not every month, but occasionally 7.66 6.52 4.77 2.77

Not every week, but at least once per month 2.61 2.93 2.77 1.43

Not every day, but at least once per week 5.66 7.13 6.56 4.69

Almost everyday 35.29 28.04 22.82 16.30

Water
Un-boiled water 4.69 7.01 5.18 7.95

Boiled water 95.31 92.99 94.82 92.05

Personal hygiene

Smoke
No 77.42 80.03 81.87 84.47

Yes 22.58 19.97 18.13 15.53

Drink
No 77.91 79.50 82.36 85.74

Yes 22.09 20.50 17.64 14.26

Sleep
Too much or too little 55.62 57.82 59.09 59.62

Normal 44.38 42.18 40.91 40.38

(Continued)
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TABLE 1 (Continued)

Category Life indicator Measurement 2008 (%) 2011 (%) 2014 (%) 2018 (%)

Exercise

Do exercises
No 65.28 56.97 63.57 69.11

Yes 34.72 43.03 36.43 30.89

Outdoor activities

Rarely or never 25.06 24.98 27.38 31.54

Not every month, but occasionally 5.26 5.30 5.46 7.42

Not every week, but at least once per month 4.32 2.40 2.44 4.44

Not every day, but at least once per week 10.55 11.33 11.57 15.65

Almost everyday 54.81 55.99 53.14 40.95

Garden work

Rarely or never 79.67 70.62 72.29 83.09

Not every month, but occasionally 2.81 2.77 2.77 1.75

Not every week, but at least once per month 1.47 1.51 1.43 0.98

Not every day, but at least once per week 2.16 3.59 3.75 2.20

Almost everyday 13.90 21.52 19.76 11.98

Leisure activities

Watch TV and/or listen to radio

Rarely or never 11.86 14.59 15.57 26.00

Not every month, but occasionally 4.20 3.30 3.71 3.38

Not every week, but at least once per month 3.87 2.81 2.53 2.97

Not every day, but at least once per week 10.64 9.94 11.04 10.55

Almost everyday 69.44 69.36 67.16 57.09

Paly cards and/or mah-jong Rarely or never 77.10 78.24 78.48 84.80

Not every month, but occasionally 5.26 4.36 4.65 2.44

Not every week, but at least once per month 3.34 2.08 2.93 1.55

Not every day, but at least once per week 5.62 5.99 5.05 4.85

Almost everyday 8.68 9.33 8.88 6.36

Social activities (organized) Rarely or never 81.21 79.54 80.28 88.30

Not every month, but occasionally 7.29 10.02 9.86 5.42

Not every week, but at least once per month 4.12 2.81 2.77 1.83

Not every day, but at least once per week 2.61 2.81 2.89 1.71

Almost everyday 4.77 4.81 4.20 2.73
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category probabilities of a relatively positive, mixed, and relatively 
negative lifestyle were 45.40%, 2.69%, and 51.92%, respectively.

3.3 Results of OLS

According to the potential category analysis above, the lifestyle of 
the older adults is divided into negative lifestyle, mixed lifestyle, and 
positive lifestyle, with values assigned as 1, 2, and 3, and included in 
the model (1). Table 4 reports the estimated results of the lifestyle 
categories of older adults on physical health, mental health, and self-
evaluation health. Since the fixed effect can only estimate the 
coefficient of independent variable that changes with time, and the 
variable that does not change with time will be discarded in the model, 
the results of the four variables of gender, registered residence, 
education level and occupation are not output. From the Hausman test 
results, it can be seen that the estimation results of the three models 
are suitable for analysis using the FE model.

From the estimation results, lifestyle categories have a significant 
positive impact on the physical health of the older adults (coefficient 
0.112, p < 0.01). For each category of lifestyle improvement, the 
physical health of the older adults will increase by 11.2%. The impact 
of lifestyle categories on the mental health of the older adults is also 
positive (coefficient 0.036, p < 0.1), indicating that for each category of 
lifestyle improvement, the mental health of the older adults will 
increase by 3.6%. At the same time, the lifestyle category significantly 
improved the self-assessed health of the older adults (coefficient 0.171, 
p < 0.01), meaning that for each category of lifestyle improvement, the 
psychological health of the older adults will increase by 17.1%. 
Overall, a good lifestyle can improve the health status of the older 
adults. This indicates that the comprehensive effects of daily diet, 
personal hygiene, exercise, and leisure activities on the quality of life 
related health of the older adults are significant, which are closely 
related to family economic status and community services.

4 Discussion

This study enhances the current dimensions of research into older 
adults’ health status by using panel data drawn from individual 
microdata from the fourth phase of the survey on the influencing 
factors of health and longevity of the older adults in China. The study 
selected 15 items to represent aspects of daily diet, personal hygiene, 
exercise, and leisure activities, which together comprise a four-
dimensional view of an older adult’ lifestyle. The fundamental and 
structural characteristics of the lifestyle of Chinese seniors were 
revealed through latent class analysis, and the impact of lifestyle on 

TABLE 2 Summary of LCA model adaptability indicators.

Year Model AIC BIC aBIC Entropy LMR(p) BLRT(p)

2008

1 66168.093 66417.729 66281.108 1.000 -- --

2 64931.779 65436.855 65160.435 0.610 0.0000 0.0000

3 64585.328 65345.845 64929.627 0.670 0.0004 0.0000

4 64255.744 65271.702 64715.685 0.675 0.7747 0.0000

5 64243.067 65514.466 64818.650 0.735 0.8382 0.0741

2011

1 66594.718 66844.354 66707.733 1.000 -- --

2 65317.553 65822.629 65546.209 0.608 0.0000 0.0000

3 64976.938 65737.456 65321.237 0.604 0.0008 0.0000

4 64776.061 65792.019 65236.002 0.588 0.7742 0.0000

5 64591.252 65862.651 65166.836 0.617 0.8349 0.0000

2014

1 65733.217 65982.853 65846.232 1.000 -- --

2 64172.352 64677.429 64401.009 0.655 0.0000 0.0000

3 63796.510 64557.027 64140.808 0.635 0.0390 0.0000

4 63541.938 64557.896 64001.879 0.661 0.7647 0.0000

5 -- -- -- 0.643 -- --

2018

1 61946.611 62196.247 62059.626 1.000 -- --

2 60327.489 60832.565 60556.145 0.663 0.0000 0.0000

3 59796.900 60557.417 60141.199 0.793 0.5709 0.0000

4 59528.608 60544.566 59988.549 0.703 0.7672 0.0000

5 59345.141 60616.540 59920.725 0.697 0.7569 0.0000

TABLE 3 Probability of potential categories of healthy lifestyle for the 
older adults.

Category 2008 2011 2014 2018

Relatively positive 53.87% 39.98% 40.59% 45.40%

Mixed 9.50% 20.21% 24.25% 2.69%

Relatively Negative 

lifestyle
36.63% 39.81% 35.17% 51.92%
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health status was examined using panel linear regression models. The 
research found that the lifestyle of the older adults can be segmented 
into three categories: relatively positive, mixed, and relatively negative. 
In 2018, the latent class probabilities of being relatively positive, 
mixed, and relatively negative were 45.40%, 2.69%, and 51.92%, 
respectively. It can be seen that the lifestyle structure of the older 
adults in China is complex and dominated by unhealthy lifestyle. 
Further, the lifestyle category has a significant positive effect on the 
health status of the older adults. For each improvement in lifestyle 
category, the chances of the older adults having better physical, 
mental, and self-assessed health increased by 11.2%, 3.6%, and 17.1%, 
respectively. This effect remained significant even after endogeneity 
analysis using the instrumental variable method, shedding light on the 
dynamic relationship between lifestyle and health among the older 
adults. Overall, a good lifestyle can improve the health status of the 
older adults. This indicates that the comprehensive effects of daily diet, 
personal hygiene, exercise, and leisure activities on the health of the 
older adults are significant, which is consistent with the existing 
research structure (35, 36). Unhealthy lifestyle has increased the 
mortality among older adults. Nearly 80% of deaths among older 
adults in China are caused by dietary risks (malnutrition or 
overnutrition), hypertension, smoking, elevated fasting blood sugar, 
air pollution (indoor and outdoor), and lack of exercise (1).

The rise in the aging population has emerged as a significant 
societal issue globally since the 20th century. As of 2019, individuals 
aged 65 and above constituted 9% of the world’s population (37), and 
nearly a hundred countries have entered an aging society. As 
projected by the United Nations, by 2050, the global population aged 
65 and above will comprise 16% of the total population, surpassing 
1.5 billion in total (38). Aging has established itself as an irreversible 
demographic trend in the near term. World report on aging and 
health emphasizes the need for health systems to gradually shift from 
disease based treatment models to comprehensive care models 
centered around the older adults. Guided by the above research 

findings, to foster healthy aging, efforts should aim to improve the 
health literacy of seniors, steer them away from unhealthy behaviors, 
and instill beneficial lifestyle habits.

Cockerham proposed the theory of healthy lifestyle, emphasizing 
that healthy lifestyle is influenced by both individual initiative and 
structural factors (9). The theory of healthy lifestyle points out that 
social structural factors such as class, gender, age, race or ethnicity, 
collectivity and living conditions can significantly affect an 
individual’s life opportunities. This dynamic interplay between life 
opportunities and life choices forges behavioral inclinations, evolving 
into habits—cognitive maps or perceptual schemas used to guide and 
evaluate choices, resulting in corresponding actions. When it comes 
to a healthy lifestyle, these behavioral patterns contribute to either 
positive or negative health routines; these health practices can, in 
turn, modify individuals’ behavioral tendencies. Consequently, 
nations should take action on health management (39), proactively 
devise relevant policies, furnish commendable health services and 
social environments for the older adults, and foster their physical and 
mental well-being along with their social adaptability. In particular, 
several key strategies should be implemented: Primarily, the role of 
grassroots health service organizations, such as community and 
township health centers, needs to be redefined. This involves shifting 
from the traditional “outpatient” approach to disease treatment 
toward a “health management” framework, concurrently authoring 
and disseminating guidelines for older adults’ health maintenance 
alongside regular diagnostic and treatment services. Additionally, 
health promotion and education for the older adults should 
be  intensified through a blend of online and offline platforms. 
We should guide seniors to take proactive steps in enhancing their 
nutritional intake, ceasing smoking, moderating alcohol 
consumption, securing quality sleep, increasing physical activity, and 
participating actively in social endeavors. Next, enhancing public 
spaces, entertainment, and sports facilities is crucial to create an 
environment conducive to social interaction and recreational 

TABLE 4 Results of the impact of lifestyle categories on the health of the older adults.

Variable Physical health Mental health Self-assessed health

FE RE FE RE FE RE

Core variable Lifestyle 0.112*** (0.013) 0.118*** (0.010) 0.036* (0.019) 0.085*** (0.015) 0.171*** (0.015) 0.205*** (0.013)

Control variables

Age −0.052 (0.039) −0.014*** (0.001) 0.112*** (0.039) −0.010*** (0.002) −0.011 (0.033) −0.004** (0.002)

Gender - 0.038* (0.019) - 0.043 (0.029) - 0.081*** (0.029)

Residence - −0.045** (0.020) - 0.077*** (0.029) - −0.023 (0.029)

Education - −0.001 (0.003) - 0.004 (0.004) - 0.000 (0.004)

Occupation - 0.003 (0.007) - −0.037*** (0.011) - 0.019 (0.011)

Social Security 0.004 (0.032) 0.028 (0.029) 0.082* (0.049) 0.038 (0.041) −0.039 (0.039) 0.009 (0.034)

Living 0.212*** (0.044) 0.157*** (0.031) 0.224*** (0.048) 0.161*** (0.035) 0.356*** (0.046) 0.263*** (0.036)

Marriage 0.182*** (0.046) 0.103*** (0.023) 0.301*** (0.060) 0.218*** (0.032) 0.336*** (0.051) 0.203*** (0.032)

Income 0.018** (0.009) 0.018*** (0.007) −0.001 (0.011) 0.028*** (0.009) 0.049*** (0.01) 0.063*** (0.008)

Constants 7.193** (2.975) 4.432*** (0.138) −4.945*** (2.927) 4.094*** (0.199) 3.003 (2.506) 2.322*** (0.190)

Year dummy Yes Yes Yes Yes Yes Yes

Within R2 0.044 0.046 0.534 0.532 0.070 0.066

Sample size 9,816 9,816 9,816 9,816 9,816 9,816

Hausman test [p-value] 17.82 [0.0067] 58.17 [0.0000] 69.87 [0.0000]

The data in parentheses represents robust standard error. *p < 0.1, **p < 0.05, ***p < 0.01. The same below.
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activities for the older adults. This involves actively organizing rich, 
diverse cultural and sports activities that benefit physical and mental 
health and are well-received by the older adults, thus promoting 
healthier leisure activities. Lastly, the health industry should 
be vigorously expanded. Health service-related businesses should 
be encouraged to align their services with the physical and mental 
characteristics of the older adults and their main health risk factors. 
A wide array of services such as health preservation, routine 
check-ups, consultation management, fitness programs, sports 
rehabilitation, health tourism, and more should be robustly promoted, 
facilitating a “comprehensive and full-cycle” management approach 
to the lifestyle of the older adults.

This study used data from a national survey, and the sample is 
representative. The results of this study provide evidence for 
understanding the older adults’ lifestyle and its impact on the health 
in Chinese. However, there are still some limitations of this study. 
Firstly, lifestyle is a broad and vaguely defined academic field, although 
this study has characterized the lifestyle of the older adults with 15 
indicators from four aspects, the overall picture and historical changes 
of the older adults’ lifestyle are not adequately depicted, especially the 
lack of use of the internet and intelligent devices by the older adults. 
Secondly, due to data limitations, this study has limitations in 
measuring health, especially in using only one indicator to measure 
mental health. Therefore, further research can adopt more scientific 
measurement methods, such as Short Version of Center for Epidermal 
Studies Compression Scale (CESD-10), Self-reporting Inventory 
(SCL-90), Shortform UCLA Loneliness Scale (ULS-6), the geriatric 
compression scale (GDS), Self-Rating Anxiety Scale (SAS), 
Generalized Anxiety Disorder (GAD-7) and so on. Thirdly, lifestyles 
varies greatly among regions and are constantly changing. This study 
only used 4 years of data from China, and research on lifestyle and its 
impact on health needs to be continuously tracked.

5 Conclusion

This study indicated that the lifestyle structure of the older adults 
in China is complex and dominated by unhealthy lifestyle, and the 
lifestyle category has a significant positive effect on the health status 
of the older adults. In future, studies should focus on improving the 
health literacy of seniors, steering them away from unhealthy 
behaviors, and instilling beneficial lifestyle habits.
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Objective: Since the mental health of older adult is an important topic in the

aging society, the main purpose of this study is to understand the mental health

status of the older adult in China under di�erent conditions. More importantly,

although people generally believe that leisure activities can improve mental

health, the impact of these activities on older adult has not yet been fully

discussed. Hence, this study further explores that what kind of leisure activity

is associated with mental health of the older adult given di�erent conditions.

Methods: We conducted a cross-sectional questionnaire survey to explore the

relationships of various leisure activities on mental health among older adults

under di�erent demographics. This study used the Geriatric Depression Scale

short forms scale (GDS-15) to assess the mental health of older adults. Based on

a sample of 2,006 participants, both two-sample t-test and ANOVAwere adopted

to analyze the characteristics of mental health among specific subsamples.

Results: Our findings indicated that older adults generally have higher mental

health scores if they do not have chronic diseases, live with other family

members, or reside in urban. First, three leisure activities including walking,

Guangchangwu, and hiking have positive associations onmental health for older

adults with chronic diseases. Second, the older adults living alone engaged in

Guangchangwu or hiking significantly associated with their good mental health.

Finally, only Guangchangwu has a significantly positive associated with the

mental health of rural older adults.

Conclusions: Based on our results, the government and healthcare planners can

better allocate limited resources under di�erent conditions to promote certain

leisure activities, which are helpful to enhance the mental health of older adults.

Guangchangwu is an activity that meets the characteristics of Chinese culture,

so we further conclude that it is significantly associated with the good mental

health of older adults in China.
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mental health, leisure activities, older adults, Guangchangwu, in China
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1 Introduction

Population aging is a major challenge for many countries.

From 2015 to 2050, the proportion of older adults in the world is

estimated to nearly double, from about 12 to 22% (1). An aging

society will inevitably bring many conflicts and pressures on the

economic and social development such as rational allocation of

social resources (2, 3), management of the pension fund (4, 5),

or the older adult healthcare expenditures (6, 7). Among these

issues, the mental health of the older adult is certainly not to

be overlooked. Specifically, the older adult appears to reduce

activity, chronic pain, weakness and more likely to experience

events such as bereavement or decline in socioeconomic status

after retirement (8). Therefore, older adults are more prone to

mental health problems including depression, anxiety, and severe

cognitive impairment. According to the WHO report, over 15%

of older adult experience some type of mental health concern (1)

andmental illness would lead serious economic, social, and political

problems (9).

This study focuses on the issue of mental health for the older

adult in China due to following two reasons. First, China is

one of the fastest aging countries in the world. Statistically, the

population aged over 60 exceeds 230 million, accounting for 16.7%

of the total population in 2016 (10). Furthermore, the older adult

population in China will expectedly reach 480 million in 2050,

accounting for about 25% of the global (11). So, the issue of aging in

China becomesmore prominent. Second, China’smedical resources

are relatively inadequate compared to developed countries. For

example, in 2014, the health spending in the United State, Japan,

and the United Kingdom are 9,036, 4,269, and 3,989 dollars per

capita, respectively. However, this number in China is only 733

dollars per capita (12). Even if the Chinese government has been

committed to improving the health care system, how to maintain

the mental health of the older adult under the current limited

resources is an urgent issue. Therefore, the purpose of this study

is first to investigate the status of the mental health for the older

adult in China and then to find some ways to improve older adult’s

mental health.

Engagement in leisure activities undoubtedly plays a critical

role in contributing to the enhancement of mental health and

facilitating successful aging (13–16). Specifically, participating

in leisure activities increased positive feelings and alleviated

psychological problems such as loneliness and depression (17–

19). In the literature, the relationship of different types of leisure

activities on the mental health of the older adult has been

well-supported (13, 20–22). For example, Chao (20) investigated

whether mental health is affected by various leisure activities

including physical activities such as walking, jogging, mountain

climbing, and playing Tai-chi, and non-physical activities such

as chatting, watching TV, reading the newspaper, and playing

chess. These activities contributed to improving mental health,

which is consistent with previous findings on leisure activities and

depression studies (18, 21).

Even though there are many studies that provide evidence

that the older adults participate in leisure activities to promote

their mental health, to the best of our knowledge, none focuses

on what kind of activities are helpful to Chinese aging society,

especially the Guangchangwu. It is also known as square dancing,

public dancing, plaza dancing or more vividly dancing grannies.

Guangchangwu refers to “the practice of group dancing in outdoor

spaces with musical accompaniment, usually in the form of a

loudspeaker, and in the case of folk-style yangge Guangchangwu,

with live instruments” (23). In the past decade, Guangchangwu has

become a very visible cultural phenomenon in China. It is estimated

that 80–100 million Chinese, mainly middle-aged and older adult,

enthusiastically participate in a form of dance calisthenics called as

Guangchangwu (24). It is worth noting that since the collectivist

culture associated with China’s agricultural society has existed for

centuries, people will generate a comfortable sense of safety and

belonging when following one leader with others. Therefore, this

collectivistic culture makes Guangchangwu become one of the

most important leisure activities for the older adults in China

(23, 25). In addition to the leisure activities mentioned in the

previous literature including playing chess, walking, going to the

gym, hiking, we further consider China’s unique Guangchangwu in

this study.

In summary, the purpose of this study is to understand what

types of leisure activities associated with mental health among the

older adults. We address the following questions: (1) What is the

mental health status of the older adult in China under different

conditions? (2) What kind of leisure activities can contribute

older adults related to their mental health? Combining these two

questions, to explore the impact of leisure activities under various

conditions, we can have a comprehensive understanding of this

issue. Our findings can provide key information for healthcare

planners and governments to better allocate limited resources to

popularize certain leisure activities, which are helpful to enhance

the older adults’ mental health.

2 Materials and methods

2.1 Measurements

During the questionnaire design process, we investigated

existing GDS-15 Chinese version questionnaire, types of leisure

activities, and some demographic variables in our study. In

addition, we also consulted two medical management professors

and a specialist physician. The original questionnaire was written

in English and translated into Chinese by a professor of Chinese

medical management. Then two doctoral students independently

translated the questionnaire into English to verify its accuracy.

The original and back-translated versions were compared for

conceptual equivalence and re-examined by two bilingual Chinese-

English speakers. The questionnaire consisted of three sections

described below.

2.1.1 Older adult mental health
It is generally believed that depression a mood disorder and is

the most common mental health problem among the older adult

(26). Therefore, this study used the Geriatric Depression Scale

short forms scale (GDS-15) to assess the mental health of the

older adults. This scale was developed by Sheikh and Yesavage

(27), and later translated into Chinese and validated by Mui (28).

The characteristics of the GDS-15 are as follows: (1) The scale is
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specifically for the older adult and is currently one of the most used

screening tools for depression among the older adult; (2) It includes

of 15 dichotomy questions that can be answered by “Yes” or “No,”

which is easy to answer and is more suitable for older people

to answer questions. The total score ranges from 0 to 15, with

higher scores indicate higher levels of depression. The sensitivity

and specificity of the GDS-15 have been found to be high in the

detection of clinical depression (29) and good reliability among

the older adult in China (28, 30). A GDS score between 0 and 4

indicates that there is no presence of depression; a score of 5 and

above indicates that there may be possible presence of depression

(28, 30, 31). GDS higher scores indicate more severe depression,

in other words, the worse the degree of mental health. Therefore,

considering the presentation associated with leisure activities, we

converted the GDS score to mental health, and the mental health

score of 11–15 indicates is considered normal, the higher score, the

less depression.

2.1.2 Leisure activities
What types of leisure activities chosen by older adults were

queried by the following questions: “What do you usually do during

your leisure time in 2015? (Multiple choices)” Respondents were

asked to choose from among five types of leisure activities including

playing chess, walking, Guangchangwu, going to the gym, and

hiking. In designing these leisure activities, we made reference to

relevant leisure studies in China (32–34) to ensure that leisure

activities are valid in the China context. Leisure activities were

coded with five dummy variables.

2.1.3 Demographic characteristics
Demographic variables included gender (male or female), age

(in four groups: 1 = 55–59, 2 = 60–64, 3 = 65–69, or 4 = 70 and

up), living status (living with family or single), living area (urban or

rural), and chronic diseases (yes or no).

To identify any problems such as unclear wording or the

questionnaire taking too long to execute, we conducted a pre-test in

the form of a questionnaire with 71 older adult respondents before

the full-scale study. According to the analysis of the results of the

pre-test, we revised the questions and confirmed the final version

of the questionnaire.

2.2 Sampling and data collection
procedures

The study was a cross-sectional survey conducted by

community college of Suzhou city, so the invitation letter with

questionnaire were sent who seniors over 55 years old through the

community activity center which is near the community college

of Suzhou City. The questionnaire was freely participated in and

filled out anonymously. To encourage participants to complete

the questionnaire, we provided a small gift worth 10 RMB. At

the recruitment, we sent out invitation letters to about 5,000

members who were 55 years or older. Totally 3,746 older adults

participated in the survey from September 4 to September 12,

2015. Therefore, the response rate of this study is 74.9%. After a

strict filtering and examination procedure, 1,740 participants who

had given incomplete answers were excluded. Total 2,006 valid

questionnaires (valid return rate = 53.6%) were left for further

data analysis in the end, including 562 and 1,444 subjects for Male

and female, respectively. The ethical review by committee was not

operated and approved by institute during this study implemental

period. All data were collected voluntarily by individuals and no

further followed up by using this data.

2.3 Data analysis

For the continuous variables, the t-test (also known as

Student’s T-test) was used to exam two subsample means and

examined whether if they are different from each other. In

addition, the one-way analysis of variance (ANOVA) was used

to determine if the variables of three or more independent

groups. First, we examined whether the mental scores are

significantly different in demographic characteristics by gender,

chronic disease, living status, and living area. Furthermore, we

demonstrated the mental health score for five leisure activities

among older adults whether are different from conditions,

therefore, we stratified by chronic illness (Yes = 1 vs. No

= 0), living with family (Yes = 1 vs. alone = 0), and

living area (Urban = 1 vs. rural = 0) to compare these two

means using intendent t-test. The level of significance was

set at a 0.05.

3 Results

3.1 Characteristics of the sample

Table 1 presents a summary of the participants’ profiles. The

sample is predominantly female (72%). Less than a quarter (22%)

of participants are aged 55–59 years, while the other three groups

accounted for ∼1 quarter (26%), respectively. More than half

(56%) of participants have one or more chronic diseases. In

addition, the majority of participants live with other household

members (89%), whereas others live alone or in a nursing

home. Most of the participants live in urban and only 6% of

participants live in rural areas. Table 1 also shows the subsample

average of mental health score and the subsamples are determined

by each demographic variable. For all samples, the average

of the mental health score is 13.14. Most of the participants

(89%) have good mental health (mental health score > 10)

and others might have certain mental health problems (mental

health score ≤ 10). Next, we want to further understand the

mental health status of participants under different conditions.

Therefore, we use the t-test or ANOVA to examine the null

hypothesis, i.e., the subsample average mental health scores

are equal.

Our results show that the null hypothesis is not rejected

when the subsamples are determined by gender or age. However,

the average mental health scores of the participants without

chronic diseases are significantly higher than those with chronic

diseases (t = 3.234, p < 0.001). In addition, the average
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TABLE 1 The demographic characteristics of participants associated with mental health (N = 2,006).

Variables Classification N (%) Mean MH
(SD)

t-valuea or
F-valueb

p-value

Gender 0.043a 0.483

Male 562 (28) 13.139 (2.095)

Female 1,444 (72) 13.143 (2.146)

Age (years) 0.023b 0.995

55–59 440 (22) 13.131 (1.990)

60–64 525 (26) 13.162 (2.179)

65–69 517 (26) 13.141 (2.081)

≥70 524 (26) 13.132 (2.250)

Chronic diseases 3.234a <0.001

No 875 (44) 13.279 (2.280)

Yes 1,131 (56) 12.965 (1.999)

Living with 1.418a 0.079

Family 1,788 (89) 13.168 (2.102)

Alone 218 (11) 12.931 (2.352)

Living area 2.371a 0.010

Urban 1,894 (94) 13.175 (2.099)

Rural 112 (6) 12.589 (2.563)

atest by T.
btest by F.

SD, standard deviation; MH, mental health.

mental health scores of participants who live with other family

members are significantly higher than those of single or nursing

home participants (t = 1.418, p < 0.10). In the end, the

average mental health scores of participants in urban areas are

significantly higher than those in rural areas (t = 2.371, p <

0.01). In summary, the participants generally have lower mental

health scores if they have chronic diseases, live alone, or reside

in rural. Therefore, we further discuss what types of leisure

activities associated with mental health of participants under these

three conditions.

3.2 Leisure activities and mental health
based on with or without chronic diseases

The most frequent leisure activities were in our sample, in

descending order: walking (1,577, 78.6%), Guangchangwu (844,

42.1%), hiking (383, 19.1%), play chess (243, 12.1%), and going

to the gym (234, 11.7%). Table 2 reports the frequency of leisure

activities and average mental health scores of participants with

and without chronic disease. Our results show that participants

with chronic diseases who have higher mental health scores than

those who do not participate in these activities including walking

(t = 2.428, p < 0.01), Guangchangwu (t = 3.679, p < 0.01),

and hiking (t = 4.156, p < 0.01). But the other two types of

activities, including playing chess and going to the gym, do not

have significant positive associations on improving older adults’

mental health.

3.3 Leisure activities and mental health
based on living with family or alone

Table 3 shows the average mental health scores of participants

who live with their family or live alone in different leisure activities.

For participants living alone, if they engage in Guangchangwu or

hiking, their mental health scores are significantly higher than those

who do not engage in these activities (t = 1.510, p < 0.1; t =

2.313, p < 0.05, respectively). Similarly, participants who live with

their family are also involved in these two types of leisure activities

and their mental health scores are also significantly higher (t =

5.315, p < 0.01; t = 5.050, p < 0.01, respectively). In addition,

for the participants live with family, the mental health scores

of participants with walking habits are significantly higher than

those without walking habits (t = 2.227, p < 0.05). However, it

is worthwhile to note that if participants are living alone, walking

activities have no significant association on improving mental

health (t =−0.553, p= 0.709).

3.4 Leisure activities and mental health
based on living areas

Table 4 shows the average mental health scores of participants

who live in rural or urban in different leisure activities. For

the participants living in urban, if they engage in walking,

Guangchangwu, or hiking, their mental health scores are

significantly higher than those who do not participate in these
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TABLE 2 Leisure activities in participants and comparing mean scores of mental health based on chronic (N = 2,006).

Leisure activities

Chronic diseases Yes No Yes No

N (%) N (%) Mean MH (SD) Mean MH (SD)

Playing chess

Yes 127 (6) 116 (6) 13.071 (2.307) 13.509 (1.867)

No 748 (37) 1,015 (51) 12.947 (2.277) 13.253 (2.013)

t-value - - 0.543 (ns.) 1.384∗

p-value - - 0.287 0.084

Walking

Yes 704 (35) 873 (43) 13.061 (2.236) 13.298 (1.931)

No 171 (9) 258 (13) 12.567 (2.420) 13.217 (2.218)

t-value - - 2.428∗∗∗ 0.529 (ns.)

p-value - - 0.008 0.299

Guangchangwu

Yes 369 (18) 475 (24) 13.285 (1.960) 13.562 (1.719)

No 506 (25) 656 (33) 12.731 (2.464) 13.075 (2.158)

t-value - - 3.697∗∗∗ 4.223∗∗∗

p-value - - <0.001 <0.001

Going to the gym

Yes 98 (5) 136 (7) 13.020 (2.329) 13.294 (2.037)

No 777 (39) 995 (49) 12.958 (2.275) 13.277 (1.995)

t-value - - 0.253 (ns.) 0.090 (ns.)

p-value - - 0.401 0.462

Hiking

Yes 150 (7) 233 (12) 13.553 (1.801) 13.648 (1.701)

No 725 (36) 898 (45) 12.843 (2.350) 13.184 (2.060)

t-value - - 4.156∗∗∗ 3.557∗∗∗

p-value - - <0.001 <0.001

∗ and ∗∗∗ denote coefficient significance at 10, 5, and 1%, respectively.

SD, standard deviation; MH, mental health.

activities (t = 1.677, p < 0.05; t = 4.857, p < 0.01; t = 6.227, p

< 0.01, respectively). However, for the participants living in rural

areas, only engaging in Guangchangwu has a significantly positive

association on their mental health (t = 3.414, p < 0.01) and other

types of leisure activities have no significant influences.

4 Discussion

Since older adults’ mental illness may cause serious economic,

social, and political problems, it is worth to pay more attention

to this topic. The aim of this study is to investigate the mental

health status under different demographic variables and to explore

the relationship between leisure activities and older adults’ mental

health in China. Our empirical results indicate that, under three

different conditions, there is a significant difference in the mental

health of the older adults. First, mental health is usually in a

reciprocal relationship with chronic disease (35). In other words,

when an older adult suffers from a chronic disease, his/her mental

health will be worse. Second, lack of social support could seriously

affect the loneliness and wellbeing of the older adults in their later

years. Chen and Feeley (8) indicate that spouses and children have a

positive influence in fulfilling intimate aspects of social interaction.

Thus, older adults lived with other household members usually

receive more support from their families, which will result in better

mental health. Third, past research has pointed out that for most

people, the state of mental health in the rural is better than in

urban areas (36). However, our results show that the mental health

of the rural older adults is relatively worse, that may be due to

rural pressures and economic difficulties (37, 38). In summary, we

conclude that the older adults without chronic diseases (35), lived

with other household members (39), and resided in urban (40),

have better mental health.

Previous studies have revealed that the older adults engage in

certain types of leisure activities can improve their psychological

wellbeing (13, 18, 20). Similarly, our results also support the fact
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TABLE 3 Leisure activities in participants and comparing mean scores of mental health based on living with family or alone (N = 2,006).

Leisure activities

Living with Alone Family Alone Family

N (%) N (%) Mean MH (SD) Mean MH (SD)

Playing chess

Yes 30 (1) 213 (11) 13.000 (1.878) 13.277 (2.151)

No 188 (9) 1,575 (79) 12.872 (2.418) 13.153 (2.096)

t-value - - 1.109 (ns.) 0.792 (ns.)

p-value - - 0.137 0.215

Walking

Yes 165 (8) 1,412 (70) 12.879 (2.300) 13.229 (2.045)

No 53 (3) 376 (19) 13.094 (2.521) 12.939 (2.293)

t-value - - −0.553 (ns.) 2.227∗∗

p-value - - 0.709 0.013

Guangchangwu

Yes 76 (4) 768 (38) 13.237 (1.986) 13.461 (1.816)

No 142 (7) 1,020 (51) 12.768 (2.517) 12.947 (2.270)

t-value - - 1.510∗ 5.315∗∗∗

p-value - - 0.066 <0.001

Going to the gym

Yes 20 (1) 214 (11) 13.250 (2.337) 13.173 (2.152)

No 198 (10) 1,574 (78) 12.899 (2.357) 13.167 (2.096)

t-value - - 0.640 (ns.) 0.037 (ns.)

p-value - - 0.263 0.485

Hiking

Yes 38 (2) 345 (17) 13.579 (1.765) 13.614 (1.729)

No 180 (9) 1,443 (72) 12.794 (2.440) 13.061 (2.167)

t-value - - 2.313∗∗ 5.050∗∗∗

p-value - - 0.012 <0.001

∗ , ∗∗ , and ∗∗∗ denote coefficient significance at 10, 5, and 1%, respectively.

SD, standard deviation; MH, mental health.

that participating in leisure activities usually contribute to the

mental health of older adults. According to previous conclusions,

the older adults without chronic diseases (35), lived with other

household members (39), and resided in urban (40), have better

mental health. Then, we further explore the relationship between

specific types of leisure activities and mental health of the older

adult in these three different situations. There are three interesting

findings in this study. First, walking, Guangchangwu, and hiking

are associated with the mental health of older adults who have

certain types of chronic diseases. Nevertheless, there is no evidence

to support that playing chess or going to the gym has a significantly

positive influence on the mental health of older adults under the

same condition. Therefore, the older adults with chronic illnesses

are more likely to make their mental health better by participating

in outdoor activities.

Second, unlike outdoor activities that help improve chronic

conditions, these older adults living alone may want to be

accompanied by others. It should be noted that the cultural

tradition in China especially emphasizes the family system and

collectivism, that implies family is usually a major mental support

(41). Older adults living alone may seek similar mental support by

contacting with others, but leisure activities such as walking do not

require contact with the crowd. Therefore, for older adults living

alone, Guangchangwu or hiking can contribute to facilitating their

mental health, but other activities do not induce any significant

associations. Finally, in addition to Guangchangwu, the other four

leisure activities have no significant influence on the mental health

of the rural older adults. It is interesting that hiking in the first two

conditions is associated with mental health of the older adults, but

it does not have the same association on rural older people. We

speculate that the possible reason is that the daily activities of rural

older adults have always been in the mountains or fields, so hiking

may not be regarded as a leisure activity for them. In other words,

hiking is a little boring for rural older adults, but dancing may be

more fun. Thus, in our study, Guangchangwu is the most effective

in promoting the mental health of the older adults in the rural.
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TABLE 4 Leisure activities in participants and comparing mean scores of mental health based on living area (N = 2,006).

Leisure activities

Living area Rural City Rural Urban

N (%) N (%) Mean MH (SD) Mean MH (SD)

Playing chess

Yes 11 (1) 232 (11) 12.727 (2.649) 13.306 (2.090)

No 101 (5) 1,662 (83) 12.574 (2.567) 13.156 (2.101)

t-value - - 0.182 (ns.) 1.021 (ns.)

p-value - - 0.429 0.154

Walking

Yes 84 (4) 1,493 (75) 12.714 (2.398) 13.219 (2.053)

No 28 (1) 401 (20) 12.214 (3.023) 13.010 (2.258)

t-value - - 0.796 (ns.) 1.677∗∗

p-value - - 0.216 0.047

Guangchangwu

Yes 49 (2) 795 (40) 13.469 (2.237) 13.439 (1.806)

No 63 (3) 1,099 (55) 11.905 (2.607) 12.984 (2.270)

t-value - - 3.414∗∗∗ 4.857∗∗∗

p-value - - <0.001 <0.001

Going to the gym

Yes 9 (1) 225 (11) 12.667 (3.279) 13.200 (2.115)

No 103 (5) 1,669 (83) 12.583 (2.511) 13.171 (2.098)

t-value - - 0.075 (ns.) 0.191 (ns.)

p-value - - 0.471 0.424

Hiking

Yes 26 (1) 357 (18) 12.462 (2.565) 13.695 (1.637)

No 86 (4) 1,537 (77) 12.628 (2.576) 13.054 (2.176)

t-value - - −0.290 (ns.) 6.227∗∗∗

p-value - - 0.613 <0.001

∗∗ and ∗∗∗ denote coefficient significance at 10, 5, and 1%, respectively.

SD, standard deviation; MH, mental health.

5 Conclusions

In summary, we conclude that Guangchangwu is a universal

solution for improving mental health. For older adults with the

disease, since the outdoor exercise attribute can enhance physical

health, better physical health usually comes with better mental

health; for older adults living alone, the social support attribute

makes they are easily touching in others; for rural older adults,

the funny attribute may let them more willing to join this activity,

so that they might tend to participate physical and mental health

and receive more social supports. Based on these findings, we

can provide some implications for the government or medical

institution. Since the older adults with chronic diseases, living

alone or living in rural areas generally have poor mental health,

the government or care institutions must pay more attention to

the older adults in these three situations. In addition, it is well-

known that leisure activities generally can improve mental health,

but advocating which type of leisure activities should depend on

the situations of older adults. Government institutions should

allocate limited resources effectively to provide useful support for

different older adults. For example, there is no need to encourage

the rural older adults to hike or climb, because they may have

done this every day. It is worth mentioning that Guangchangwu

has attracted the attention of the Chinese people and government

because of its increasing popularity and ubiquity in public spaces.

Guangchangwu brings vitality and uplifting energy that play

an important role in providing social support, which has been

recommended as an intervention strategy to help older adults on

mental health. Therefore, our results found that Guangchangwu is

a good solution to promote the mental health of older adults in

China. In the practical view, the government can make out more

applicable policies and places for Guangchangwu. In this way, older

adults are willing to do more outdoor exercise, close contact with

more people, and reduce their loneliness.
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6 Limitations and directions for future
research

Guangchangwu has benefits for older adult in improving

cognitive function (42), memory (43), skeletal health (44), and life

satisfaction (45). There are some limitations in this study. First,

because our sample is from an older adult community college in

Suzhou, there may be some bias, for example, these older adults

may have better physical and mental health. In addition, since

Guangchangwu may be a manifestation of the Chinese collectivist

culture (25), social customs in different regions will certainly affect

its effectiveness in improving mental health. In other words, the

results are not a universal reflection of the older adults in China and

limit the generalization of our findings. Therefore, future research

needs to be conducted with more diverse samples, such as older

adults in other provinces or ethnicities, to better understand the

correlation between various leisure activities and mental health

of the older adults. Second, to make the questionnaire easier to

be answered by older adults, we only used dichotomy questions

to ask whether they had participated in a certain leisure activity

but ignored the degree of participation. Specifically, participating

in leisure activities every day or once a week may have different

associations on mental health. It may be helpful to adopt additional

questions that cover the broader concept of participation in leisure

activities. For example, we can ask questions such as “How often

do you participate in this leisure activity per week?” or “How many

minutes do you engage in this leisure activity each time?” These

questions allow us to measure the degree of participation for older

adults in various leisure activities so that we can further explore

whether increasing leisure time is associated with the mental health

of older adults. Finally, the cross-sectional research design used

only reflects the status of the survey participants at one specific

second. Thus, this research design restricts us to conduct the causal

inference. Specifically, we cannot be sure that participating in

certain leisure activity is the cause of a higher mental health of the

older adults. For example, more optimistic older adults are more

willing to participate in leisure activities. In order to determine

the causal relationship between leisure participation and mental

health, further studies can establish a longitudinal research design

to providemore information about the development of older adults’

behaviors (46).
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The use of human aging markers, which are physiological, biochemical and 
molecular indicators of structural or functional degeneration associated with 
aging, is the fundamental basis of individualized aging assessments. Identifying 
methods for selecting markers has become a primary and vital aspect of aging 
research. However, there is no clear consensus or uniform principle on the 
criteria for screening aging markers. Therefore, we combine previous research 
from our center and summarize the criteria for screening aging markers in 
previous population studies, which are discussed in three aspects: functional 
perspective, operational implementation perspective and methodological 
perspective. Finally, an evaluation framework has been established, and the 
criteria are categorized into three levels based on their importance, which can 
help assess the extent to which a candidate biomarker may be feasible, valid, 
and useful for a specific use context.

KEYWORDS

marker, aging, aging markers, human, biological age, chronological age

Introduction

Currently, countries worldwide face a difficult aging situation, and the intensification of 
aging will bring a heavy medical burden (1–4) and a social burden (5) to the world. Aging is 
a gradual, progressive process, involving the accumulation of molecular, cellular, and organ 
damage, resulting in decreased physical and cognitive functions and increased susceptibility 
to diseases (6). Therefore, the WHO, China, and some other countries have also changed the 
goal of aging research from “active aging” to “healthy aging.” However, to achieve healthy 
aging, it is necessary to correctly assess the functional status of the organs of aging individuals. 
The functional status of different individuals with the same chronological age (CA) may 
be  different, and CA may be  insufficient in assessing the functional situation of aging 
individuals. Previous researchers used aging markers as an alternative indicator of CA and also 
used a personalized evaluation model combining multiple markers, such as biological age (BA) 
(7–10). Aging markers are the basis for individualized evaluation of aging, and the selection 
of aging markers is crucial for the individual assessment of aging function. There are 
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similarities and differences in the screening criteria proposed by 
previous studies (10–12). In this review, we combine previous research 
from our center (10, 13–17), summarize and discuss the current views 
on screening criteria for aging markers, related problems of existing 
criteria, and solutions, and compare their use. Finally, an assessment 
framework has been established, and the criteria are categorized into 
three levels based on their importance.

Screening criteria for aging markers

Search methods

We searched PubMed, MEDLINE, and Web of Science databases 
for literature between 1 January 1962 and 31 August 2023. The search 
key terms were “aging markers,” “markers of aging,” “biomarkers of 
aging,” or “biological age” and were limited to full-text articles 
published in English. The search initially identified 5,014 potentially 
relevant articles, excluding those not published in English and those 
not available in full text. Duplicate and irrelevant studies are excluded 
by carefully reviewing titles, abstracts, and full texts. Finally, a total of 
85 studies on the construction of population biological age and 
reviews on the criteria of population aging markers were included.

This review summarizes the criteria for screening aging markers 
mentioned in the literature, as shown in Supplementary Table  1. 
We classified the screening criteria into three aspects: (i) Functional 
perspective: reflecting the fundamental biological processes of aging; 
reflecting dynamic changes in a short time (predicting the aging rate); 
predicting the occurrence of adverse events. (ii) Operational 
implementation perspective: noninvasive or minimally invasive; 
simple, inexpensive, and easily accessible; repeatable and reproducible; 
can be measured in multiple species; should represent the function of 
an organ or system; implementation in healthy populations to avoid 
disease interference. (iii) Methodological perspective: quantitative 
correlation with biological parameters; verification of longitudinal 
change with age that is consistent with cross-sectional relationships, 
as shown in Table 1 and Figure 1.

Functional perspective

Biological: aging markers should reflect the 
fundamental biological processes of aging

CA cannot dynamically or accurately evaluate the functional 
status of aging individuals. Therefore, alternative indicators such as 

TABLE 1 Classification of criteria for screening aging markers.

Categories Criteria Contents of the Criteria

 1. Functional perspective  ① Biological: Reflect the basic biological processes of aging  • Cover a range of physical functions

 • Can monitor the processes associated with aging characteristics

 • Can reflect the aging changes consistent with aging

 ② Dynamics: Reflect dynamic changes in a short time  • Can reflect the rate of aging over a short period

 ③ Predictability: Predict the occurrence of adverse events  • Can predict life expectancy and healthy life span

 • Can predict individual mortality

 • Can assess age-related disease and mortality

 • Can predict the endpoint events associated with aging

 • Can predict the risk associated with endpoint events

 • Sensitive to the early signs of aging

 • Can identify high-risk populations before disease occurrence

 2. Operational implementation 

perspective

 ① Noninvasive/minimally invasive  • Safe and harmless manner without increasing the burden on the patients

 • No reduction in life expectancy, no change in subsequent outcomes

 ② Implementability: Simple, inexpensive and readily 

available

 • Reliable and easy to observe

 • Easy to calculate and measure

 • Universal, commonly used in clinical practice

 ③ Stability: Repeatability and reproducibility  • Highly reproducible

 • Stable indicators

 ④ Universality: Measurable in multiple species  • Measurable across species

 • Validated in model animal studies and then in human experiments

 ⑤ Typicality: Representative of the function of an organ/

system

 • Markers are representative

 • Markers are independent of each other and not redundant

 ⑥ Implementing populations: Implemented in healthy or 

general populations

 • Aging markers should be obtained in disease-free, healthy populations

 • Aging process is not affected by disease

 3. Methodological perspective  ① Quantifiable: Quantitative correlation with biological 

parameters

 • Independent, high, quantitative, cross-sectional correlation with CA

 ② Verifiable  • Significant longitudinal variation with age

 • Consistent with cross-sectional relationship

The criteria for screening aging markers and their specific contents are divided into three categories.
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aging markers (18, 19) are needed to better assess aging. The most 
basic and vital requirements for selected aging markers are that they 
can represent or reflect the fundamental biological process, 
be correlated with aging characteristics, reflect aging-consistent aging 
change (20, 21), reflect better aging-related biological and functional 
outcomes than CA (22–26), and cover a range of physical functions. 
Then, several aging markers can be combined to construct a functional 
age to better reflect aging individuals’ functional status. In previous 
studies at our center, various biological age models were constructed 
by combining different aging biomarkers and using different methods. 
Zhang et  al. (10, 17) constructed a biological age equation using 
several aging markers. Li et  al. (16) used nine markers and eight 
methods to assess BA in the Chinese Han population.

Dynamics: aging markers reflect dynamic 
changes in a short time

Aging markers can predict the rate of senescence (10, 20, 21, 27, 
28) in a relatively short time and can monitor the aging process and 
identify individual differences in this process. The most accurate way 
to calculate aging rates is to use a longitudinal follow-up over a long 

time or to track and observe the whole process of a person from birth 
to aging and then to death. This is the most accurate way to calculate 
the aging rate. However, from the perspective of implementation, 
long-term longitudinal follow-up is more difficult to implement, and 
indicators are needed to judge the aging status of an individual at the 
time of survival analysis. Therefore, aging markers must be able to 
reflect dynamic changes in a short time.

Predictability: aging markers can predict 
the occurrence of adverse events

Aging markers can predict disease occurrence and individual 
organ/system functional decline (29–35) and even predict the 
lifespan and healthy lifespan (36–38). BA is a better predictor of life 
expectancy than CA. Aging markers can also be used to predict 
individual mortality, assess and predict age-related disease and 
mortality (26, 37, 39–43), predict aging-related endpoint events 
such as functional decline, quality of life, and survival rate, predict 
the risk associated with endpoint events, assess the magnitude of 
risk, provide information according to the health-related results of 
the assessment, and enable early intervention to improve healthy 

FIGURE 1

Schematic diagram of the classification of screening criteria for aging markers. The summarized screening criteria for aging markers are divided 
into three aspects: (A) Functional perspective, reflecting the fundamental biological processes of aging; reflecting dynamic changes in a short 
period (predicting the aging rate); predicting the occurrence of adverse events. (B) Operational implementation perspective, which involves 
measures that are noninvasive or minimally invasive; simple, inexpensive, and easily accessible; repeatable and reproducible; can be measured in 
multiple species; should represent the function of an organ or system; and can be implemented in healthy or general populations to avoid 
disease interference. (C) Methodological perspective that involves quantitative correlation with biological parameters and verification of 
longitudinal changes with age that is consistent with cross-sectional relationships.
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survival (22, 44–48). These factors indicate the tremendous 
importance of aging markers. Good aging marker can identify the 
risks of early aging and is sensitive to whether a person is at high 
risk of diseases or in the early stages of disease in a specific 
population. It can screen out the high-risk groups of illness before 
the occurrence of diseases and provide early warning of conditions 
before treatment, which can help with disease diagnosis and the 
provision of timely and appropriate guidance, intervention, and 
treatment (24, 49).

Operational implementation 
perspective

Noninvasive: aging markers should 
be noninvasive or minimally invasive

The procedure and method of obtaining aging markers should 
be noninvasive or minimally invasive (21, 41, 50). At the same time, 
the measurement method must not reduce the life expectancy of the 
model organisms and humans or alter any subsequent results related 
to age-sensitive testing and must be able to be  repeated in a safe, 
harmless manner without increasing the burden on the patients (20, 
51–53). The detection of aging markers should be easy. However, some 
indicators require invasive manipulation (e.g., biopsy sampling). 
Although some markers can be measured during planned surgical or 
pathological testing (although the results are less reproducible), 
obtaining markers invasively during aging studies in healthy 
populations may not be easy.

Generally, there are two types of aging markers: those detected by 
obtaining tissue or biological samples and those detected by external 
instruments or by some physiological indicators of the organism. 
Some samples, such as blood markers, are minimally invasive, while 
others are noninvasive, such as markers detected in saliva and urine. 
In addition, some imaging or instrumental tests, such as ultrasound, 
handgrip strength, pulse wave velocity, and blood pressure, are 
non-invasive. Due to ethical requirements, applicability and feasibility 
considerations, and the fact that biological age is usually constructed 
using a healthy or general population, it is impractical to perform 
major invasive procedures such as tissue extraction, and therefore, 
minimally invasive or non-invasive procedures are very important.

Implementability: aging markers should 
be simple, inexpensive, and readily 
available

Markers of aging are easy to observe and reliable; they are also 
easy to calculate and measure (33, 46, 54), and from a clinical or 
practical point of view, aging markers should be simple, universal, 
frequently used in clinical practice (33, 55, 56), inexpensive (21, 23, 
33, 50, 55, 57), rapid and methodologically relatively homogeneous, 
readily available (31, 33, 38, 44, 45, 54, 56), and measured with 
realistic, standardized results (21, 24, 42). However, many new 
detection methods and indicators exist, such as genetic indicators and 
magnetic resonance imaging (PET, MRI), artificial intelligence, 
machine learning, and multiomics studies. Implementing these assays 
and indicators may require high costs, professional equipment, 

technicians, and many samples. Nevertheless, they also have multiple 
future applications and benefits worth exploring and studying.

Stability: aging markers should have 
repeatability and reproducibility

Markers of aging should be  relatively stable so that their 
measurements are repeatable and reproducible (49, 53, 58, 59). Several 
studies have shown that aging markers follow a highly reproducible 
pattern during aging and can be obtained by repeated measurements, 
showing robust stability. At the same time, it needs to be repeated 
without affecting the health or longevity of the model organism and 
humans (41, 45, 51, 60), although some unstable indicators may 
accurately reflect changes in the aging body. For example, the 
glomerular filtration rate is positively correlated with CA (r = 0.33). 
However, volatile markers cannot be directly detected and therefore 
cannot be used as aging markers.

Universality: aging markers can 
be measured in multiple species

Aging markers can identify individuals with the same CA but 
different functional states and thus assess aging status (14). Individual 
differences in species suggest that aging processes and environmental 
conditions that control or influence lifespan differ from those in 
disease states (61). However, many researchers believe that common 
aging markers should also be involved in the aging process in many 
rodents. Aging markers are commonly used in multiple systems or 
organs and can be measured in a variety of species or across species 
(54, 62) and obtain stable results (22, 63); they generally require 
experiments in laboratory organisms (e.g., rats) before being validated 
in humans. They need to produce effects in humans and laboratory 
animals (21, 53).

Typicality: aging markers should represent 
an organ/system function

Aging markers should not be  redundant with each other and 
should not have too much correlation. They should have separate 
sensitivity and specificity characteristics and independent functions 
so that they can be  used as indicators of predictive ability at the 
individual level, reflect individual physiological states, contribute to 
disease diagnosis (46, 48), and reveal the mechanisms of disease 
occurrence and homeostatic changes in the personal life cycle (23, 46, 
64). They should provide the most robust representation of the aging 
process and represent an organ or system without significant 
redundancy with other selected variables (33, 65). For example, 
systolic blood pressure, pulse pressure, and the pulse pressure index 
all meet the criteria for markers of aging; nevertheless, they are also 
highly correlated (e.g., one variable can be used to determine the other 
two). Thus, there is redundant information for use in the construction 
of biological age. Therefore, if methods such as traditional principal 
component analysis are applied, and 6–10 markers are ultimately 
chosen to construct biological age, it is recommended that one of 
these indicators be selected to reflect blood pressure status, and this 
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principle is also applicable to other organs/systems; If the new artificial 
intelligence methods are applied to construct biological age, more 
markers may be selected to reflect the same information, because 
different markers can reflect different information even if there is a 
high correlation. Of course, it is paradoxical that fewer markers are 
chosen for better implementation while more markers are selected for 
improved accuracy.

Non-pathological: implemented in healthy 
or general populations to avoid disease 
interference

Although some studies have shown that disease and aging are 
unrelated processes, some scholars have argued that they are generally 
accepted as independent but interrelated processes (66). However, 
many studies have included diseased individuals (or failed to account 
for the effects of individual disease). They have screened out markers 
that are not associated with aging but may be associated with the 
disease. Therefore, the obtained markers cannot be  considered 
authentic aging markers. Ideally, aging markers screened in healthy 
populations exclude the influence of disease on aging. They can better 
reflect the alterations and process changes brought by aging, which is 
essential for maintaining healthy aging. Therefore, aging marker 
screening requires disease-free healthy people (35, 61, 67–69), and the 
basic biological process of aging is not affected by the disease process.

Methodological perspective

Quantifiable: aging markers should 
be quantitatively related to biological 
parameters

One of the main criteria for selecting aging markers is that they 
should be quantitative (29, 67). Klemera and Doubal proposed using 
mathematical modeling to elaborate the association between CA and 
BA (12, 70), which have a high, independent, and quantitative 
correlation (37, 49, 59, 71, 72). Aging markers can quantitatively assess 
the aging process and the degree of delayed aging, potentially assess 
the risk of aging-related diseases and provide direction for 
personalized interventions (52, 64, 73). Aging markers have a 
quantitative correlation with biological parameters and subject age 
and a significant cross-sectional correlation with age. Researchers have 
suggested that a potential marker’s quantitative relationship with CA 
can be used as one of the criteria for screening aging markers (62, 65, 
67, 74–77). Therefore, aging markers can be selected as a CA substitute 
for assessing the extent of physical aging.

Verifiable: there is a significant longitudinal 
change in aging markers with age, 
consistent with the cross-sectional 
relationship

Although cross-sectional studies may correlate potential markers 
with CA, this result is insufficient to identify aging markers. Significant 
longitudinal changes with age are consistent with the results of cross-
sectional studies, which is a significantly efficient validation process. 

Cross-sectional designs can only show differences between specific 
time points and age groups; they can neither be used to conclude that 
changes occur as a result of aging phenomena nor be used to explain 
why this pattern varies by age group. Therefore, it is necessary to 
further confirm the marker with longitudinal studies at the same level 
as cross-sectional studies (10, 11, 19, 62, 65, 74, 75, 77). Studies have 
shown that performing longitudinal follow-up and in-depth 
multivariate analysis is necessary to help identify markers of aging, 
evaluate the stability of the marker, reflect the aging process, and 
measure the rate of aging (40, 58). The changes in aging markers over 
time have been validated longitudinally, and there are different 
patterns of aging that can be used to help monitor and intervene in the 
changing process of aging (78). Therefore, a longitudinal design can 
more thoroughly explain the changes in aging over time. If 
implemented in the construction of biological age, statistical internal 
cross-validation, external validation, and longitudinal validation play 
a critical role in enhancing the accuracy of biological age.

Problems associated with the criteria 
for screening aging marker and their 
solutions

Alex Comfort first proposed that age-related biological changes 
could be measured in 1969, and changes in aging can be quantified by 
identifying and measuring aging biomarkers (79, 80). From 1988 to 
1998, the National Institute on Aging launched a 10-year initiative to 
encourage research on biomarkers of aging. Although researchers 
have explored many possible biomarkers as candidates and 
contributed to the knowledge base of aging, no specific biomarkers 
have been successfully identified and validated. Due to the complexity 
of the aging process, especially in humans, there is no single aging 
marker in an absolute sense, and no single marker can predict the rate 
of aging. The previously proposed marker is conceptually similar to 
functional age or BA, consisting of several markers. No single marker 
can satisfy the need for BA or other CA alternatives.

Although researchers have proposed several consensus criteria for 
selecting aging markers, there are still many issues to be resolved, for 
instance, the selection of baseline and study populations and whether 
aging markers are affected by the disease. This section discusses these 
issues and tentatively proposes solutions to them.

What is the relationship between disease 
and aging?

Ideally, aging markers reflect the healthy aging process in 
individuals not influenced by disease, but there is no ideal marker, nor 
are there markers in the literature that are pure biomarkers of aging; 
for example, cystatin C is a marker of aging and kidney disease. There 
has been a debate about aging as a cause or a consequence of disease.

Disease and aging may have an interactive and causal relationship. 
Markers of aging may be markers of disease, but markers of disease 
may not be markers of aging. On the one hand, the disease process will 
accelerate the aging process (81); on the other hand, aging increases 
the susceptibility to disease and thus accompanies many chronic 
diseases. The disease process has many mutual processes with normal 
aging; the aging process accompanies the disease process, which may 
accelerate the normal aging process.
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Are there nodes in the aging process? Is 
the rate of aging constant?

Some researchers have suggested that the aging rate is not uniform 
and that nodes exist (82), i.e., points at which the aging rate undergoes 
acceleration or deceleration. We  consider the rate of aging to 
be homogeneous for the whole population. However, for individuals, 
there could also be certain nodes that lead to a changed aging rate, 
such as disease or lifestyle changes.

The study’s sample size is small compared to the studies proposing 
the existence of nodes, which may lead to bias in the results after 
grouping. Adequate sample size and longitudinal follow-up are needed 
to verify this conclusion. Theoretically, aging is a uniform process, and 
the rate of aging does not change in a short time; however, some 
factors may contribute to changes in aging rates: ① relatively slow 
aging after the age of 80 or 90 in certain special populations, such as 
centenarians or the children of centenarians; ② environmental factors 
and behavioral changes (obesity, smoking, drug use); ③ genetic 
differences and chronic diseases that accelerate the aging process; and 
④ unpredictable accidents (24).

Can aging markers predict life expectancy?

Some researchers believe that aging markers can predict 
individual longevity or mortality. If the aging process is purely healthy, 
it is possible to predict the incidence of disease, individual lifespan, 
and mortality. However, in reality, on the one hand, we  need 
longitudinal studies lasting until death to derive aging rates, which is 
a very long time in human studies; on the other hand, lifespan 
becomes affected by too many uncontrollable and unpredictable 
factors that arise, such as sudden malignant diseases (tumors) and 
acute diseases (acute cardiovascular diseases) (83). In addition, there 
are significant genetic factors involved, and lifespan is determined by 
approximately 20%–50% of genetic factors, but the most commonly 
used biomarkers have no genetic indicators, and their accuracy in 
predicting life expectancy is questionable.

Therefore, aging markers can predict the duration of the healthy 
period and the occurrence of diseases or suggest related complications. 
However, if aging markers are to be  used to predict lifespan and 
mortality, more prerequisites are needed: (i) the aging process is a 
healthy aging process, excluding the influence of disease factors; and 
(ii) the interference of unpredictable diseases, accidents, psychological 
and environmental factors are excluded (22).

Are aging markers universal or specific?

Some researchers have proposed that markers should be universal, 
meaning they are required to be valid in humans and model organisms. 
Experiments are performed in model organism models (e.g., caloric 
restriction, genetic genes, etc.) and then validated in humans; certain 
aging characteristics are found in humans and need to 
be  experimentally validated in model organisms due to the 
requirements of human ethics. Although general indicators can 
be applied to various species, there are also genetic differences between 
species; psychological and social factors may significantly affect human 
aging, which cannot be studied in some mammalian or lower animal 

models. Therefore, aging markers must be applied to all categories and 
species, which is not easy to achieve. Aging markers in humans and 
different species of model organisms may be very different, and model 
organisms can be applied appropriately but not mechanistically.

Should screening be done according to 
quantitative criteria?

Many researchers have noted that aging markers should 
be  measurable and quantitative indicators that change with age. 
However, although traditional thinking holds that only continuous 
quantitative variables can be used as aging markers, with advances in 
aging markers and technology, some semiquantitative and qualitative 
indicators have been included as candidate aging markers, including 
certain genes (84, 85), telomere length (9, 86), DNA methylation (87, 
88), copy number variables (89), and multiomics indicators.

Aging markers are quantitatively, highly and independently 
correlated with CA, and such correlations are initially identified with 
mostly linear and multiple logistic regression analyses. Some nonlinear 
statistical methods have been applied; initially, there was no 
correlation between aging markers and CA, but after processing, they 
became correlated again or were screened by machine learning. Other 
methods may not have linear correlation, which may indicate a more 
complex relationship, but does not mean that such markers cannot 
become aging markers. Therefore, we should decide whether to follow 
the screening criteria of quantitative correlation analysis according to 
the actual method employed.

How should the study population 
be selected?

Aging population studies, including centenarians and their children, 
long-lived people, twins, etc., have been studied in aging marker research. 
Healthy populations are best for aging mechanisms or aging marker 
studies, which have the advantage of avoiding interference from disease. 
Longevity is usually closely related to environmental and genetic factors, 
and results obtained in specific regions and environments may not apply 
to the general population; moreover, the odds of chronic comorbidities 
or carrying chronic diseases are higher in long-lived people.

Therefore, how can the population be selected in aging marker 
research? Is it that you  cannot select anyone other than those in 
healthy populations? Not truly. Choosing healthy and relatively 
healthy people for a study can effectively exclude confounding factors 
such as disease; if the aging acceleration model disease population or 
the progeria population is chosen, the outcomes and endpoint events 
can be seen more quickly, each with its advantages and disadvantages.

Are there other options for selecting 
benchmark markers apart from their 
correlation with CA?

The selection of aging markers is generally based on a benchmark 
marker, and the most commonly used benchmark marker is 
CA. Because of the limitations of CA itself, alternative indicators need 
to be selected for the evaluation of aging. Using CA as a benchmark 
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for determining new alternative markers is relatively contradictory. 
Previous studies have also explored different methods for screening 
biomarkers. In addition to statistical correlation, other noncorrelations, 
exponential correlations, power correlations and even some 
noncorrelations that are tried to be applied in the aging process can 
be used as aging markers (12, 90). In addition to applying principal 
component or multivariate linearity after traditional dimensionality 
reduction, new machine learning methods may provide new ideas, 
such as using importance ranking (91). In addition to traditional CA, 
dual or multiple criteria, such as CA combined with telomere length 
or handgrip strength, maybe more accurate in selecting aging markers 
(14, 15). Whether alternative benchmark markers can adequately 
reflect the dynamic changes that occur during the aging process and 
replace CA or be  combined with CA as a benchmark marker for 
screening aging markers requires further scientific research. New ways 
of selecting benchmarks are also being further explored.

What statistical methods should 
be applied?

Several different methods are used when determining correlations 
among the selected markers, including multiple linear regression, 
Klemera and Doubal (KD) methods and principal component analysis, 
to select different markers in the same population (22), with 
categorical, binary or continuous variables as input. Candidate markers 
can be used as aging markers if the correlation coefficient (r) is greater 
than a set threshold. For the correlation coefficient threshold, there is 
disagreement. For example, correlation coefficients have been set at 
0.40, 0.25 (92), or even 0.15 (27) as the thresholds for aging marker 
screening. The larger the correlation coefficient is, the more valid the 
selected aging markers should be. Previous studies of aging markers 
greater than 0.4, including grip strength, simple reaction time (RT), 
visual conditioning, visual acuity, auditory acuity (4,000 Hz), digit 
symbols, systolic blood pressure, diastolic blood pressure, spirometry, 
and expiratory volume with force (93), can be used as aging markers.

In recent years, machine learning and artificial intelligence 
algorithms have also been used to identify aging markers that 
significantly impact biological age (91). However, the new methods 
are not always better, as new technologies and methods such as 
machine learning require a large sample size as a basis. Too little data 
may be  overfitted, and being a “black box” process, the specific 
learning process is unknown and the results produced are 
uncontrollable. Meanwhile, the traditional methods also have different 
limitations. Therefore, it is necessary to choose a suitable method 
according to the actual situation of the sample size.

Can exogenous markers be applied?

Based on advances in technology, updates in perception, and 
advances in statistics, aging markers have undergone a progression 
from traditional physiological markers to biomarkers to molecular 
and cellular markers and the latest fourth generation of histological 
markers (43). Not only are traditional internal physiological 
biomarkers reflecting biological characteristics (e.g., blood, urine) 
valued, but in addition, with advances in image recognition 
technology, some photographs such as retinal photographs, 

three-dimensional (3D) facial data, and deep learning of structural 
neuroimaging can also be used as markers or even as a functional age 
to reflect individual health status (73, 94, 95). However, it has become 
clear that external factors (e.g., diet, environment, temperature, 
environmental radiation, exercise, lifestyle, and psychological and 
socioeconomic status) have also influenced aging and are thus 
receiving attention from researchers.

Summary and prospects

CA is inadequate in assessing the aging process and aging rate of 
individuals (12, 96, 97). Thus, alternative indicators are needed to 
select appropriate aging markers, accurately evaluate and detect high-
risk individuals, and intervene early to help improve the quality of 
survival and prolong the life span and healthy lifespan of patients (12, 
98, 99). Therefore, it is critical to screen for appropriate and 
prospective markers.

To better guide screening aging biomarkers in future studies, 
we summarize the criteria for screening aging markers in previous 
studies (Supplementary Table  1). A framework for aging marker 
characterization and assessment has been developed (Table  1, 
Figures 1, 2). Comparisons are also made based on the frequency of 
occurrence of the criteria in previous studies (Figure 3). The top four 
criteria are predicting the life expectancy and the occurrence of 
adverse events; noninvasive or minimally invasive; simple, 
inexpensive, readily available; and repeatable, reproducible. These 
criteria are generally consistent with the criteria mentioned in 
previous studies (11, 69, 94) and criteria recently proposed by the 
Biomarkers of Aging Consortium (98, 99).

We combine previous research from our center (10, 13–17) and 
categorize the criteria into three levels based on their importance. 
Level 1, the following criteria must be met: ① aging markers should 
reflect the fundamental biological process of aging; ② aging markers 
can predict the occurrence of adverse events; and ③ aging markers 
should be noninvasive or minimally invasive and be repeatable. At 
Level 2, the following criteria are recommended: ① aging markers 
should represent organ/system function; ② aging markers should 
be implemented in healthy or general populations; ③ aging markers 
should be quantitatively related to biological parameters, and ④ aging 
markers should have significant longitudinal changes with age, 
consistent with the cross-sectional relationship. At Level 3, the 
following criterion may be met: ① aging markers reflect dynamic 
changes in a short time; ② aging markers can be measured in multiple 
species; and ③ aging markers should be simple, inexpensive, readily 
available. Based on our previous research, we  suggest that three 
criteria of level 1 must be met when constructing the biological age of 
a population before it can be used as a candidate marker (Figure 2). 
However, a single biomarker makes it difficult to identify individuals 
at risk who can meet the diagnostic criteria. Therefore, a single 
optimal biomarker is not recommended, and a reliable combination 
of biomarkers is needed. The combination of biomarkers that meet 
these criteria can provide a more accurate assessment of aging, which 
can multidimensionally predict biological age and the risk of certain 
diseases in specific organs, which can help translate these findings into 
clinical practice (98, 99).

We believe that reflecting the fundamental processes of aging, 
being quantitatively related to biological parameters and implemented 
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in healthy or general populations to avoid interference from disease 
factors but with results that can be extended to diseased populations, 
being able to predict the occurrence of adverse outcomes, and being 
able to reflect the function of vital organs or systems are promising 
screening criteria. However, some criteria have yet to receive sufficient 
attention, such as reflecting the fundamental biological processes of 
aging, being quantitatively related to biological parameters, being 
implemented in healthy or general populations, and being 
representative of the function of an organ/system. The quantitative 
correlation may have changed because of the application of new 
statistical methods, and several other methods should be emphasized. 
Some studies have proposed that some criteria for screening 
biomarkers are derived from or applicable to basic research (99, 100). 
However, due to the specificity of the population, these criteria may 
not be suitable for screening biomarkers in the population from the 
point of ethics and human safety. Therefore, we propose that the three 
criteria at level 1 must be met when constructing the biological age in 
the population. In addition, the more criteria that are satisfied at level 
2 and level 3, the better. The accuracy, reliability, and safety of the 
screened markers will be significantly improved.

In assessing aging and constructing biological age, the aging 
markers depend on three aspects: conceptual, technical and 
methodological advances. Conceptual advances indicate the 

development of the concept of aging markers is no longer being 
limited to “biological factors” reflecting the aging process but rather 
to factors that can influence the biological outlook (97, 100). 
Technological advances indicate that aging markers have evolved 
from traditional physiological and biological markers reflecting 
biological characteristics to molecular, cellular, and even omics 
markers, as well as to psychological, economic, sociological, 
environmental, and genetic indicators. The development of 
noninvasive and minimally invasive imaging technologies, as well as 
high-throughput sequencing, single cell sequencing, and 
transcriptomics has also enriched the database of aging candidate 
markers (73, 94, 95, 98). The progress of methods indicate that the 
screening of aging markers may involve more than superficial linear 
relationships, and with the development of mathematical models, 
qualitative and semiquantitative markers can also be used as potential 
candidate aging markers. New statistical methods, especially the 
application of machine learning, and markers identified by nonlinear 
correlation techniques are likewise more widely used and may be able 
to construct more accurate biological age models (91, 98). New 
technologies and methods are essential in identifying more novel and 
accurate biomarkers.

Some of the issues also faced in screening aging markers include 
the selection of the population; the impact of disease on aging 

FIGURE 2

The framework and grading of criteria for screening aging markers. We have categorized the criteria into three levels based on their importance: 
***Level 1, the criteria that must be met; **Level 2, the criteria recommended to meet; *Level 3, the criteria that may be met. When constructing the 
biological age of a population, the three criteria of level 1 must be met before they can be included as candidate markers. In addition, the more criteria 
that are satisfied at level 2 and level 3, the better. This screening process can yield optimal and sensitive aging markers.
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markers; whether there can be a better reference benchmark than CA; 
the influence of unexpected random events such as unpredictability 
on the aging rate and predicted life expectancy and mortality; and 
how to better screen out aging markers by advances in the 
development of statistical methods and the wide application of 
artificial intelligence and machine learning. With the advancement of 
cognitive, technical and statistical models, the screening criteria for 
aging markers will further progress and improve.

In this review, 11 criteria for screening aging markers are 
summarized comprehensively and systematically, and the criteria are 
divided into three aspects according to the content; some possible 
problems of the criteria are discussed; and the frequency of using the 
criteria is compared; an evaluation framework is developed and 
categorized into three levels based on their importance, which is 
helpful to assess the extent to which a candidate biomarker may 
be feasible, valid, and useful for a specific context of use. However, 
some limitations of this review should be mentioned. The framework 
and three levels proposed in this paper are more based on our previous 
experiences in constructing population biological age studies and our 
subjective views on these criteria, and their scientificity and 
practicability need to be further tested. Currently, there has yet to be a 
consensus on the criteria for screening aging markers. Establishing an 

aging marker screening system helps screen aging markers in the 
aging population.
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FIGURE 3

Comparisons on the frequency of occurrence of the criteria in previous studies. A summary of the frequency of occurrence of each criterion is based 
on the studies summarized in Supplementary Table 1, ranked from high to low in terms of frequency of use: predict the occurrence of adverse events 
(25%); be noninvasive or minimally invasive (12%); be simple, inexpensive and readily available (11%); be repeatable and reproducible (9%); reflect 
dynamic changes in a short time (8%); longitudinal changes with age (8%); can be measured in multiple species (7%); be quantitatively related to 
biological parameters (6%); reflect the fundamental biological processes of aging (6%); implemented in healthy or general populations (5%); represent 
an organ/system function (3%).
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Factors related to satisfaction 
with community-based home 
aging services in Shandong, China
Yujing Wang , Qi Zhang , Laigang Huang  and Fanshuo Zeng *

Rehabilitation Medicine Center, The Second Hospital of Shandong University, Jinan, China

Purpose: This study investigated the satisfaction of current community-based 
home care services and its factors in adults aged ≥60  years.

Methods: Using stratified cluster random sampling, we  surveyed 1,494 older 
adults in Jinan and Qingdao, Shandong province, between 2021 and 2023. 
The baseline and satisfaction surveys were designed by our research team, 
and the questionnaires were conducted in the form of structured interviews. 
Kruskal-Wallis H-test and Logistic regression analysis were used to explore the 
influencing factors of satisfaction.

Results: The satisfaction was mainly affected by age (p = 0.007), marital status 
(p < 0.001), pre-retirement occupation (p = 0.003), economic source (p < 0.001), 
and mode of residence (p = 0.001) in the study of 1,494 older adults. Under the 
influence of multiple factors, the evaluation of older adults services, married 
[OR = 4.039, 95% CI: 1.176–13.877] were more inclined to be average, and their 
occupations were agriculture, forestry, animal husbandry, fishery, and water 
production workers [OR = 0. 237, 95% CI: 0.068–0.819] and production and 
transportation equipment operators and related personnel [OR = 0.153, 95% CI: 
0.024–0.966] or [OR = 0.153, 95% CI: 0.029–0.820] tended to be more dissatisfied.

Conclusion: The satisfaction level of community-based home care services is 
relatively high among older adults, and it is mainly affected by factors such as 
age, marital status, pre-retirement occupation, source of financial resources, 
and mode of residence. Addressing the emotional needs of older adults, 
lowering the cost of aging, and integrating health care and aging seamlessly are 
among the ongoing challenges that we need to tackle.

KEYWORDS

healthcare integration, community care, satisfaction, aging, cost of aging

Introduction

According to the statistics of China’s seventh population census in 2020, China’s total 
population has reached 1.4117.8 billion, the average annual population growth rate has 
dropped to 0.53%, and the proportion of older adults aged 60 and above in China has risen to 
18.7%, an increase of 5.44% compared with the previous population census (1). China has 
entered a deeply aging society. In addition to the aggravating population aging, the increase 
in average life expectancy and the sharp rise in the incidence of disabling diseases such as 
cerebrovascular disease has led to an increase in the proportion of disability among older 
adults, further aggravating the burden of aging in China (2, 3). A tsunami of population aging 
is sweeping through China as the age structure of the population changes and the burden of 
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disability increases. Compared with Japan and other aging societies, 
the gap between China’s economic development and its ability to cope 
with population aging policies remains more pronounced. Although 
China’s aging level is lower than Japan’s, it faces challenges such as a 
significantly older population base and a weak social security system 
(4, 5). China still has a long way to go in solving the problems that 
rapid aging may bring.

Under the influence of Confucianism, there is a unique model of 
old age in China. This model emphasizes “raising children to prevent 
old age,” i.e., family-centered, with children raising their aging parents. 
Traditional filial piety has become the cultural foundation for active 
aging in Chinese society (6). However, under the influence of the 
“family planning” policy, the size of family households in the seventh 
census is smaller than before, and young people in China are facing a 
situation where one person can support several older adults, bearing 
enormous financial pressure. And with urbanization and economic 
and social development, young people are often separated from their 
older adults and lack sufficient time to spend with them. Older adults 
are seen as a burden, which is not conducive to healthy aging. How 
young people balance “filial piety” and the reality of the pressure, but 
also needs the correct guidance of policies, so that the young labor 
force can create value without worry so that the older adults do not 
increase the burden of children and guilt.

In response to the economic and social turmoil brought about by 
the aging tsunami, China has introduced a series of policies in recent 
years to promote healthy aging. Yan et al. examined China’s policies 
from 1978 to 2019 using the Peking University Law Database (PKU 
Law), and China’s aging policy system has jumped from guaranteeing 
fundamental old-age conditions to focusing on the rights and health 
of the older population (7). Despite the continuous improvement of 
the basic old-age system, China’s old-age care industry still faces many 
problems, such as inadequate combination of medical care, low 
operability of intelligent devices for older adults, and the lack of 
old-age reserve talents (8, 9), so more and more governmental 
organizations are involved in the establishment of old-age policies. In 
2021, multiple departments in China jointly issued the Action Plan for 
the Development of the Smart and Healthy Aging Industry (2021–
2025). The text suggests that to promote the healthy growth of the 
aging industry, China’s tasks by 2025 mainly focus on enhancing the 
scientific and technological support capacity, improving the ability to 
supply products and services, highlighting the effectiveness of the pilot 
demonstration construction, optimizing and improving the industrial 
ecology, and promoting the integration of multi-industry integration 
and development (10). Taking this as our goal in recent years, we have 
driven the vigorous expansion of healthy aging by constantly adjusting 
and optimizing the structure of each aging industry.

Since the concept of “medical and nursing integration” was first 
proposed in 2013, China has continuously improved the policy of 
medical and nursing integration and issued Several Opinions on 
Deeply Promoting the Development of Medical and Nursing 
Integration in 2019 (11), which promotes the extension of China’s 
medical and nursing integration to the community and rural areas, to 
improve the efficiency and level of health care for the older adults. 
Through the integration of health care and social care, different from 
other pension methods that require leaving the familiar living 
environment, the older adults realized their wish of staying in the 
community and family through community home-based care; this 

approach greatly exerted the advantages of proximal nursing care, 
which not only reduced the cost of nursing care and alleviated the 
economic burden, but also respected the older adults’ autonomous 
choice and individual needs, and at the same time improved the older 
adults’ social participation and enhanced the sense of social belonging. 
Successful social participation requires a friendly physical and social 
environment (12). For the improvement of the physical environment, 
the state requires the continued acceleration of the construction of 
comprehensive service facilities in urban and rural communities, 
including the enhancement of rural flush toilets, the renovation of 
high-density overcrowded housing (13), the construction of day-care 
centers (9), the provision of “smart aging” services, the development 
of telemedicine, and “Internet+” customized housekeeping services, 
health care, and other aging services. Social environment improvement 
requires more inclusion of older adults, encouraging them to 
participate in social organizations, forming a mutual aid system (14, 
15), and establishing a medical service system that benefits the older 
adults in the community. According to previous surveys on the needs 
of community-based nursing care, the demand for health care services 
was 48.15 and 52% (16, 17), respectively. The demand may differ by 
region, but the older population, being prone to chronic diseases, has 
a high need for health care. In 2022, to realize the reasonable 
distribution of medical resources in community older adults, the state 
adjusted the target of community medical and nursing services 2022 
and listed older adults with incapacity, chronic diseases, and 
disabilities as the emphasis groups of medical and nursing services 
(18), which effectively meets the different health demands of the older 
adults in community older adult. With the gradual improvement of 
the physical and social environment, the sense of participation in 
family and social roles of the older adults aged at home in the 
community has been significantly improved, promoting the 
development of healthy aging.

Community-based home care services are not only a new type of 
older adult promoted by the policy of integrating medical care and 
nursing care but also an effective way of balancing the Chinese 
concepts of filial piety and “raising children for old age.” As the policies 
are continuously improved, the quality of community-based home 
care services has been enhanced. It is necessary to grasp the overall 
situation of community care and pay attention to the details of care 
services. What are the remaining shortcomings of community-based 
nursing care services in Shandong province under the policy 
promotion, and how should the nursing care services be adjusted 
based on these shortcomings? Therefore, a comprehensive satisfaction 
evaluation of community-based home care under the integration of 
healthcare and nursing and inquiry into its influencing factors are 
essential to promote the rapid development of healthy aging. In the 
seventh census, the proportion of older adults aged 60 and above in 
Shandong Province, China, reached 20.90% (1), far exceeding the 
national average. Facing the rapid population aging in Shandong 
Province, community-based nursing care can greatly alleviate the 
demand for nursing care; community-based nursing care exposed 
many problems as the community was the main unit of epidemic 
prevention and control, affected by the COVID-19 pandemic. 
Therefore, we conducted a questionnaire survey on 16 communities 
in two cities of Shandong Province, aiming to identify the 
shortcomings of community-based nursing care services and improve 
their service level.
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Methods

Study sources

In this study, participants were selected in sixteen communities 
in Jinan and Qingdao cities of Shandong Province from October 
2021 to November 2021 and from April 2023 to June 2023 using 
multi-stage stratified whole cluster random sampling. First, 
we  randomly selected one county/district from each city 
administrative division. Second, we  randomly selected two 
subdistricts from each county/district. Finally, we randomly selected 
four communities from each subdistrict. Randomly selected at least 
100 people aged 60 years or older in each community. The inclusion 
criteria were (1) the age of the respondents should be ≥60 years old 
and (2) the respondents had received at least half a year and more 
of community-based home care services. The exclusion criteria were 
(1) unconsciousness and/or presence of cognitive dysfunctions and 
(2) those who refused to sign the informed consent form. To reduce 
the impact of COVID-19 on the interviews, we  conducted the 
interviews at low-risk times. Due to the specific needs of 
community-based nursing care, the community opened the 
community dining hall for older adults at low-risk times to provide 
food services for them. We conducted most of our interviews in 
community dining halls, and used phone interviews for the older 
adults who were unable to visit the halls. To account for the diverse 
levels of comprehension and cultural backgrounds of the older 
adults, we  employed trained interviewers who collected 
questionnaire data using face-to-face structured oral interviews, 
aiming to increase the response rate. The questionnaires filled out 
each day were scrutinized by the study leader.

The sample size for this study was calculated using the 
following formula:

 
n =

× × −( )



Z P P

d

2

2

1

Equation n is the sample size, Z is the confidence level set at 
1.96, d is the permissible margin of error set at 0.1P, P is the 
proportion of specific attributes in the overall population, and P is 
set at 0.5, the sample size was calculated to be 384 persons, and to 
minimize the sampling error of stratification, we  increased the 
minimum sample size by 50%, that is, the required sample size was 
576 participants.

Finally, we recruited a total of 1,630 participants, collected 1,494 
valid questionnaires, with a response rate of 91.66%, reaching the 
required sample size.

Study design

We integrated the previous research of related scholars and 
consulted professional questionnaires to design our own. 
We conducted a pre-survey, an expert review, and a reliability and 
validity test, and revised the questionnaire items accordingly. 
We  then finalized the questionnaire that suited our study 
objectives. Among the questionnaires related to this study, the 

basic information questionnaire uniformly designed by the 
subject group was used, and its contents include: age, gender, 
marriage (unmarried, married, divorced, widowed), 
pre-retirement occupation of the respondents (civil servants, 
professional and technical personnel, clerical and related 
personnel, commercial and service personnel, agricultural, 
forestry, animal husbandry, fishery and water conservancy 
producers, production and transportation equipment operation 
related personnel, the military personnel, other practitioners who 
are inconvenient to classify, no occupation), education level 
(illiterate, elementary school, junior high school, high school/
vocational high school/junior college, university and above), type 
of medical insurance (basic medical insurance for urban workers, 
basic medical insurance for urban and rural residents, poverty 
assistance, medical insurance, public funding, self-funding, and 
others), source of income (retirement pension/pension, children’s 
subsidies, financial support from relatives and friends, labor 
income, government subsidies, others), current mode of residence 
(living alone, living with spouse/partner, living with children, 
living with spouse and children, living with nanny/carer, others), 
number of children (none, 1, 2, 3, and above), number of times 
children visit (once a day, once a week, once a half-month, once 
a month, once every 3 months, once every half-year, once every 
1 year and above), average monthly income (below 1,000 yuan, 
1,001–3,000 yuan, 3,001–5,000 yuan, 5,001 and above), and 
satisfaction with community-based home care services 
(dissatisfied, average, satisfied). To ensure the authenticity and 
reliability of data from the research, we asked the community 
staff to recuse themselves and conduct the survey with 
anonymous structured interviews.

Statistical analysis

Statistics were analyzed using IBM SPSS (V25) software. To 
accurately analyze the satisfaction of the older population with the 
current enjoyment of community-based home care services, this 
study assigns the value of “dissatisfied” as “1 point,” “general” as “2 
points,” “satisfied,” and “3 points,” respectively. Count data were 
recorded as proportions (%). For continuous data, mean ± standard 
deviation (𝑋 ̅ ± 𝑆) was used if the data followed a normal distribution, 
and median (P25, P75) was used if the data were skewed. The data in 
this study showed skewed distribution, so the Kruskal-Wallis H-test 
was performed to analyze the differences between the different 
factors on the satisfaction of the community home care services, and 
the post hoc pairwise test was performed to adjust the significance 
value by Bonferroni correction to obtain the results of the differences 
within the group. After screening the independent variables, 
we performed a parallelism test and obtained p = 0.003, indicating 
that the data did not meet the parallelism assumption. We  also 
checked for multicollinearity and found that the VIF values of all 
independent variables were less than 5, suggesting that there was no 
serious multicollinearity among them. Therefore, we  used 
“dissatisfied” as the reference category and conducted a multinomial 
unordered logistic regression to examine the effects of specific 
factors on satisfaction (19). p < 0.05 was considered 
statistically significant.
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Results

Socio-demographic characteristics

The study surveyed 1,630 older adults, excluding those with 
unclear information and those who did not fulfill the requirements, 
1,494 valid questionnaires were recovered, with a response rate of 
91.66%. The age distribution of the included 1,494 older adults was 
74.00 (67.00, 82.00) years. The general information on older adults is 
summarized in Table 1.

Older adults’ satisfaction with the 
community-based home care services

Analyzing the overall satisfaction with the current community-
based home care services, 42 people, or 2.8%, were “dissatisfied,” 
171 people, or 11.5%, were “average,” and 1,268 people, or 85.6%, 
were “satisfied.” 1,268, accounting for 85.6%. The degree of 
satisfaction is assigned 1–3 points (Table  2), and the overall 
satisfaction distribution was 3.0 (3.0, 3.0). In general, the current 
older population has a relatively high level of satisfaction with 
community home care services.

Factors affecting satisfaction with 
community-based home older adult 
services

As shown by the quartiles in the Table 3, the satisfaction scores for 
each factor are fairly uniform, with no significant outliers, suggesting 
that the community-based nursing care services in China have a stable 
level of overall satisfaction. Univariate analysis of the questionnaire 
results revealed that age (p = 0.007), marital status (p < 0.001), 
pre-retirement occupation (p = 0.003), economic source (p < 0.001), 
and mode of residence (p = 0.001) were statistically significant in 
affecting satisfaction with community home-based aging services. On 
the other hand, gender (p = 0.389), education level (p = 0.325), number 
of children (p = 0.185) and number of children’s visits (p = 0.510), 
average monthly income (p = 0.444), and type of health insurance 
(p = 0.202) did not show any statistically significant differences, which 
had little impact on satisfaction (Table 3).

We identified between-group differences in age, marital status, 
occupation before retirement, primary source of income, and lifestyle 
with post hoc multiple pairwise tests and Bonferroni corrections to 
adjust significance (Supplementary Tables S1–S5). In the age group 
post hoc tests, no significant differences were seen between groups 
after adjusting for salience with the Bonferroni correction. Widowhood 
was statistically different from unmarried and married (p = 0.001, 
p = 0.005, respectively). There was a statistical difference in attitudes 
toward satisfaction with old age between the older adults who were 
predominantly professional and technical personnel and those who 
were not, production and transportation equipment operators and 
related personnel (p = 0.022, p = 0.006, respectively). There was also a 
significant difference in financial sources between those receiving 
government benefits and those receiving pensions and subsidies from 
their children (p < 0.001, p = 0.001, respectively).

Regression analysis of the satisfaction of 
community-based home care services

With the satisfaction of the current community home care service 
as the dependent variable, the disordered multinomial Logistic 
regression analysis was used to analyze the different factors. Age, 
marital status, pre-retirement occupation, economic source, and mode 
of residence, which were statistically significant differences in the 
single-factor analysis, were imported into the model. The Nagelkerke 
R2 indicates that the model explains 14.7% of the variation in 
satisfaction with community-based nursing care. The Omnibus Tests 
of Model Coefficients yields a chi-square of 141.496, p < 0.001, 
indicating that the model (with explanatory variables) fits well. 
According to the analysis estimate, the overall accuracy of the correct 
prediction probability was 85.6% (20–22). The results of the regression 
analysis showed that age, income source, and living arrangement did 
not have statistically significant differences. The statistical differences 
of marital status and occupation are shown in Table 4. According to 
the data analysis results, compared with the widowed group, the 
married older adults were more likely to choose “general” satisfaction 
(p = 0.027), and the widowed older adults were more likely to choose 
“dissatisfied”; Production personnel in agriculture, forestry, animal 
husbandry, fishery, and water conservancy (p = 0.023), production and 
transportation equipment operators and related personnel (p = 0.046) 
were more likely to be “dissatisfied” than those without occupation. 
The non-occupational group was more inclined to be “average” and 
“satisfied “(Table 4).

Discussion

This questionnaire survey found that the current population 
of community-based home care services is more receptive and 
more satisfied with the service situation. The degree of satisfaction 
of older adults is mainly affected by factors such as age, marital 
status, pre-retirement occupation, source of income, and mode 
of residence.

The emotional needs of older adults play a crucial role in 
evaluating satisfaction. Of the data on age, marital status, and mode 
of residence of older adults, number of children, and number of visits 
by children, only age, marital status, and current resident manner 
significantly affected satisfaction. Although there was no statistically 
significant difference in satisfaction between age groups after 
Bonferroni correction, for the older adults over 80 years old, there will 
be professional and full-time personnel in the community to take care 
of the older adults according to the situation, the community pension 
policy for the older adults is more inclined, so in the case of the 
physically fit older adults, they can both receive professional personal 
care and can also enjoy their family life in the community. Due to the 
unique nature of community-based home care services, family-
centered and community-supported nursing care can better meet the 
well-being of older adults, who do not need to adapt to a new living 
environment (23). Under the community home care model, older 
adults do not need to stay away from the family, can get away from the 
triviality of life during the day, have their own leisure time, and enjoy 
the happiness of their grandchildren at night. Previous studies have 
shown that the number of children and the frequency of their visits 
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have a significant impact on the quality of institutional nursing care 
(24), while community-based home care is less affected by these 
factors, which is one of its advantages.

However, in the post-test results of marital status, the satisfaction 
of the widowed differs from that of the unmarried and married, 
respectively. A comprehensive analysis of multiple factors suggests 
that widowed older adults are more likely to be  dissatisfied with 
current community-based aging-in-place services. It may be related 
to the specific characteristics of community home care. Spouses are 
also considered part of non-professional nursing care, which includes 
both emotional and practical support (25, 26). Although older adults 
can have a rich and colorful retirement life in the daytime, the loss of 
the spouse’s companionship, and the night loneliness will double the 
widowed older adults. This is confirmed by the analysis of living 
arrangements, which requires children to pay attention to the 
psychological changes of widowed older adults and provide them with 
new companionship (27, 28).

TABLE 2 The satisfaction level of the community nursing care services 
among the 1,494 participants.

Satisfaction Frequency 
(persons)

Percentage (%)

Dissatisfied (1 point) 42 2.8

Average (2 points) 171 11.5

Satisfied (3 points) 1,268 85.6

Absent 13

TABLE 1 The demographic characteristics of the participants (n  =  1,494).

Characteristics Categorization N (%)

Gender Male 678 (45.4)

Female 816 (54.6)

Marriage Unmarried 145 (9.7)

Married 962 (64.4)

Divorced 22 (1.5)

Widowed 365 (24.4)

Education level Illiterate 359 (24.0)

Elementary school 433 (29.0)

Junior high school 318 (21.3)

High school/vocational high school/junior college 292 (19.5)

University and above 92 (6.2)

Pre-retirement occupation Civil servants 266 (17.8)

Professional and technical personnel 202 (13.5)

Clerical and related personnel 30 (2.0)

Commercial and service personnel 119 (8.0)

Agricultural, forestry, animal husbandry, fishery and water conservancy producers 465 (31.1)

Production and transportation equipment operation related personnel 51 (3.4)

The military personnel 9 (0.6)

Other practitioners 144 (9.6)

No occupation 208 (13.9)

Current mode of residence Living alone 258 (17.3)

Living with spouse/partner 540 (36.1)

Living with children 149 (10.0)

Living with spouse and children 168 (11.2)

Living with nanny/carer 206 (13.8)

Others 173 (11.6)

Type of medical insurance Basic medical insurance for urban workers 534 (35.7)

Basic medical insurance for urban and rural residents 719 (48.1)

Poverty assistance 148 (9.9)

Medical insurance 10 (0.7)

Public funding 10 (0.7)

Self-funding 24 (1.6)

Others 49 (3.3)
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TABLE 3 Identified the factors affecting the satisfaction of the older age population.

Categorization Specified variable Satisfaction scores M (P25, P75) p-valuea

Gender Male 3.00 (3.00, 3.00) 0.389

Female 3.00 (3.00, 3.00)

Age 60–69 years 3.00 (3.00, 3.00) 0.007

70–79 years 3.00 (3.00, 3.00)

80–89 years old 3.00 (3.00, 3.00)

Above 90 years old 3.00 (3.00, 3.00)

Marriage Unmarried 3.00 (3.00, 3.00) <0.001

Married 3.00 (3.00, 3.00)

Divorced 3.00 (3.00, 3.00)

Widowed 3.00 (3.00, 3.00)

Education level Illiterate 3.00 (3.00, 3.00) 0.325

Elementary school 3.00 (3.00, 3.00)

Junior high school 3.00 (3.00, 3.00)

High school/vocational high school/junior college 3.00 (3.00, 3.00)

University and above 3.00 (3.00, 3.00)

Pre-retirement occupation Civil servants 3.00 (3.00, 3.00) 0.003

Professional and technical personnel 3.00 (3.00, 3.00)

Clerical and related personnel 3.00 (3.00, 3.00)

Commercial and service personnel 3.00 (3.00, 3.00)

Agricultural, forestry, animal husbandry, fishery and water 

conservancy producers

3.00 (3.00, 3.00)

Production and transportation equipment operation 

related personnel

2.00 (3.00, 3.00)

The military personnel 3.00 (3.00, 3.00)

Other practitioners 3.00 (3.00, 3.00)

No occupation 3.00 (3.00, 3.00)

Source of income Retirement pension/pension 3.00 (3.00, 3.00) <0.001

Children’s subsidies 3.00 (3.00, 3.00)

Financial support from relatives and friends 3.00 (3.00, 3.00)

Labor income 3.00 (3.00, 3.00)

Government subsidies 3.00 (3.00, 3.00)

Others 3.00 (3.00, 3.00)

Current mode of residence Living alone 3.00 (3.00, 3.00) 0.001

Living with spouse/partner 3.00 (3.00, 3.00)

Living with children 3.00 (3.00, 3.00)

Living with spouse and children 3.00 (3.00, 3.00)

Living with nanny/carer 3.00 (3.00, 3.00)

Others 3.00 (3.00, 3.00)

Number of children None 3.00 (3.00, 3.00) 0.185

1 person 3.00 (3.00, 3.00)

2 persons 3.00 (3.00, 3.00)

3 persons and above 3.00 (3.00, 3.00)

Number of times children visit Once a day 3.00 (3.00, 3.00) 0.510

Once a week 3.00 (3.00, 3.00)

Once a half-month 3.00 (3.00, 3.00)

(Continued)
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TABLE 3 (Continued)

Categorization Specified variable Satisfaction scores M (P25, P75) p-valuea

Once a month 3.00 (3.00, 3.00)

Once every 3 months 3.00 (3.00, 3.00)

Once every half-year 3.00 (3.00, 3.00)

Once every one year and above 3.00 (3.00, 3.00)

Average monthly income Below 1,000 yuan 3.00 (3.00, 3.00) 0.444

1,001–3,000 yuan 3.00 (3.00, 3.00)

3,001–5,000 yuan 3.00 (3.00, 3.00)

5,001 and above 3.00 (3.00, 3.00)

Type of medical insurance Basic medical insurance for urban workers 3.00 (3.00, 3.00) 0.202

Basic medical insurance for urban and rural residents 3.00 (3.00, 3.00)

Poverty assistance 3.00 (3.00, 3.00)

Medical insurance 3.00 (3.00, 3.00)

Public funding 2.00 (3.00, 3.00)

Self-funding 2.00 (3.00, 3.00)

Others 3.00 (3.00, 3.00)

aThe Kruskal-Wallis H test was employed to evaluate the results.

TABLE 4 The regression analysis of the effects of marital status and occupation on the satisfaction of community home-based nursing care services.

Satisfaction: average Satisfaction: satisfactory

B p-value OR (95%CI) B p-value OR (95%CI)

Marriage

Unmarried 0.278 0.711 1.321 (0.304, 5.748) −0.414 0.536 0.661 (0.178, 2.449)

Married 1.396 0.027 4.039 (1.176, 13.877) 0.156 0.779 1.169 (0.394, 3.472)

Divorced 0.833 0.568 2.301 (0.132, 40.238) 0.534 0.669 1.705 (0.147, 19.749)

Widowed (contrast)

Occupation

Civil servants −0.848 0.337 0.428 (0.076, 2.415) −0.137 0.867 0.872 (0.177, 4.302)

Professional and 

technical personnel

14.463 0.990 1910633.595 (Absent) 15.467 0.989 5213692.161 (Absent)

Clerical and related 

personnel

13.719 0.993 907777.941 (Absent) 14.326 0.993 1665661.859 (Absent)

Commercial and service 

personnel

−1.448 0.073 0.235 (0.048, 1.142) −0.783 0.287 0.457 (0.108, 1.932)

Agricultural, forestry, 

animal husbandry, 

fishery and water 

conservancy producers

−1.442 0.023 0.237 (0.068, 0.819) −0.404 0.489 0.668 (0.213, 2.098)

Production and 

transportation 

equipment operation 

related personnel

−1.880 0.046 0.153 (0.024, 0.966) −1.875 0.028 0.153 (0.029, 0.820)

The military personnel 14.507 0.998 1996274.988 (Absent) 15.171 0.998 3877386.452 (Absent)

Other practitioners 0.740 0.537 2.096 (0.201, 21.902) 1.351 0.242 3.862 (0.401, 37.159)

No occupation 

(contrast)

We conducted a disordered multinomial Logistics regression analysis to assess the outcomes.
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The economic condition of older adults is an influential constraint 
on their satisfaction with aging in place in the community, which 
mainly includes occupation and source of income. There is a 
significant difference in satisfaction between older adults whose 
source of income is pension/retirement and those who rely on 
government subsidies for their old age. Government subsidies are 
preferred by the less well-off older adult, especially those who are 
unemployed and lack some means of earning a living. Among them, 
the “five-guarantee households” are the most prominent, and these 
older adults have no occupation, no spouses, and no children to 
support them. With the help of state welfare, the “five-guarantee older 
adult” can enjoy free old-age pensions and medical care in their 
localities. Therefore, compared with people working in agriculture, 
forestry, animal husbandry, fisheries, water conservancy, production 
workers, equipment operators in production and transportation, and 
other related groups, the satisfaction level of unemployed older adults 
is higher. This is similar to a survey in the UK, where older adults who 
own houses pay more for nursing care than those who do not, affecting 
the enthusiasm of homeowners for nursing care (29). Funding 
allocation remains a key factor influencing the quality of community-
based home care services (29–31).

Community aging, as the community part of the integrated 
healthcare development model, requires not only the provision of 
necessary care services but also healthcare services. However, after the 
analysis of the survey data, it is found that there is no significant 
difference in the satisfaction evaluation of older adults with different 
types of medical insurance. Based on the conclusions of other research 
teams, we find that although community home care can meet some 
medical needs, some regions and units do not include the combination 
of medical care institutions in the health insurance reimbursement, 
and still classify the older adult and medical care fees (32, 33). In 
addition, the professional health service personnel in the combination 
of medical and nursing care institutions are uneven, resulting in the 
community pension can neither fully meet the needs of the older 
adults’ medical insurance reimbursement, nor provide a professional 
medical service team, resulting in the situation that the service quality 
and cost of the combination of medical and nursing care are not fully 
matched (34, 35), which increases the burden of the older adults in 
their old age. Once again, the pressure of retirement is focused on 
economic conditions.

Suggestion

As a populous province, Shandong Province still shows a large 
older population in the seventh census, and according to the census 
results, the size of family households in China is shrinking, and the 
traditional model of older adults is constantly being impacted. And 
due to the high-quality pension environment in the coastal areas of 
Shandong Province, there will be a net inflow of 30,000 older adults 
in Shandong Province in 2020 (1). These have put forward new 
requirements for pension services in Shandong Province. Combined 
with the healthcare integration development model, we still have the 
following points that require further improvement.

First, we  should choose a way of aging that better meets the 
requirements of older adults according to their emotional and pension 
demands. With the introduction of various pension methods like 

tourism pension, ecological pension, intelligent aging, and so on in 
recent years, the demand for spiritual and cultural consumption of the 
older population is becoming more and more visible (36–38). 
We should follow the principle of “old age, old age fun” so that older 
adults can enjoy a rich and colorful retirement life at the same time, 
but also get the satisfaction of the emotions, and promote the culture, 
Tourism, and other industries and the development of cross-
fertilization of the pension industry (39) at the same time, to create an 
innovative and “warm” pension model.

Second, strengthen the policy support and allowances, and 
actively promote the construction of the aging service system. Due to 
the number of policy subsidies still a distance from the current cost of 
old age (40), we should encourage the private capital to join, and 
establish a pattern of development of the government, private capital, 
and individual tripartite (41), to promote the continuous development 
of the health care industry, and at the same time, strengthen the 
quality of health care service agencies to evaluate and supervise (42), 
to promote the industry’s benign competition, and to reduce the 
financial burden of the older adults, and to reduce the cost of old age.

Thirdly, most of the medical and nursing institutions are 
jointly led by multiple departments, especially those approved and 
constructed by the Civil Affairs Bureau, the main body of which is 
for older adults, and the medical part is not included in the scope 
of medical insurance, which results in the older adults that cannot 
fully enjoy the treatment of medical insurance reimbursement 
(43). Therefore, we should be committed to the docking of medical 
and nursing institutions with medical insurance, and even increase 
the reimbursement rate of medical insurance, so that we can push 
forward the health and sustainable development of the medical 
and nursing institutions through the leverage of the medical 
insurance policy (44), to establish a healthy working model of “the 
health department taking the lead in organizing the overall 
management, the civil administration department providing 
operational guidance, and the medical insurance department 
coordinating the policies” (45).

Fourth, according to the disease characteristics of different older 
adults in different areas, training and selection of professional and 
unified caregivers to provide professional services in nursing, disease 
guidance, nutrition, and other aspects of the older adults, so that the 
older adults can enjoy systematic pension services in the community 
(46, 47), but at present, China’s health care, nursing, management, 
and other professionals due to the poor treatment of the pension 
service units, labor intensity, social status, the brain drain is more 
serious (48). At present, although relying on the support of national 
policy, introduced several care service personnel training programs, 
and the establishment of Guangxi Beihai Recreation and Nursing 
Vocational College and other professional counterparts of the 
technical colleges and universities, the training of personnel for a 
long-term development plan, the near-term benefits of the weak, 
there is still a need to continue to summarize the base of the 
construction and personnel training standards and cultivate and 
recruit talents for nursing homes.

Fifth, based on the different characteristics of the older adult 
groups, do a better job of the health records of the older adults in the 
community, through technological empowerment, according to the 
intelligent terminal data, integration of the service needs of the older 
adults in each group to provide personalized services to meet the 

224

https://doi.org/10.3389/fpubh.2024.1298669
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wang et al. 10.3389/fpubh.2024.1298669

Frontiers in Public Health 09 frontiersin.org

different needs of the older adults, and regular return visits to the 
service, based on the results of the feedback, and timely adjustment of 
the personalized service program, to respond to the majority of the 
older adults’ needs, and to improve the utilization rate of the social 
resources for the older adults (49).

This study has several notable strengths. First, it spans the period 
of the COVID-19 pandemic, which exposes the shortcomings of 
community-based nursing care services during a disease outbreak. 
Second, it covers a large sample of older adults in Jinan and Qingdao 
cities of Shandong province, aiming to reflect the current situation of 
community-based nursing care services. Third, it draws on real-world 
data from Shandong province and offers suggestions for improving 
nursing care that are suitable for the local context, providing data 
support for promoting healthy aging.

This study still has some limitations. First, this study mainly chose 
Jinan and Qingdao in Shandong Province, which are at a high 
economic level in Shandong Province and cannot fully reflect the 
situation in Shandong Province. Second, most of the sixteen 
communities in this study were concentrated in the cities, with little 
research in the rural areas. Third, because the survey was conducted 
during the day of a working day, the older adults with economic 
pressure and labor ability who went out to work were not interviewed.

Conclusion

As one of the models of medical and nursing integration, 
compared with the traditional, pure nursing institutions, community 
nursing has the advantages of reducing the cost of old age, flexible 
time, no need to detach from the family, and centralized services (50), 
and the degree of satisfaction is relatively high among the older 
population, which is mainly affected by factors such as age, marital 
status, pre-retirement occupation, the source of income, and the mode 
of residence. Under the influence of multiple factors, married older 
adults think that the aging services are average. Agricultural, forestry, 
animal husbandry, fishery, and water conservancy production 
personnel and production and transportation equipment operators 
and related personnel are more inclined to be dissatisfied with the 
satisfaction level. Given the above factors affecting satisfaction, there 
is still a need for continuous improvement: increasing attention to the 
emotional needs of older adults in the context of promoting the 
development of new ways of aging; reducing the cost of aging; 
facilitating the seamless integration of health care and aging; 
strengthening the cultivation of talents in the aging industry; and 
tailoring personalized aging service solutions.
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Better Life’s Essential 8 
contributes to slowing the 
biological aging process: a 
cross-sectional study based on 
NHANES 2007–2010 data
Dongzhe Wu 1†, Chaoyi Qu 2†, Peng Huang 1, Xue Geng 1, 
Jianhong Zhang 3, Yulin Shen 1, Zhijian Rao 1,4 and Jiexiu Zhao 1*
1 Exercise Biological Center, China Institute of Sport Science, Beijing, China, 2 Physical Education 
College, Hebei Normal University, Shijiazhuang, China, 3 National Institute of Sports Medicine, Beijing, 
China, 4 College of Physical Education, Shanghai Normal University, Shanghai, China

Objective: To investigate the relationship between Life’s Essential 8 (LE8) and 
Phenotypic Age Acceleration (PhenoAgeAccel) in United States adults and to 
explore the impact of LE8 on phenotypic biological aging, thereby providing 
references for public health policies and health education.

Methods: Utilizing data from the National Health and Nutrition Examination 
Survey (NHANES) conducted between 2007 and 2010, this cross-sectional study 
analyzed 7,339 adults aged 20 and above. Comprehensive assessments of LE8, 
PhenoAgeAccel, and research covariates were achieved through the integration 
of Demographics Data, Dietary Data, Laboratory Data, and Questionnaire Data 
derived from NHANES. Weighted generalized linear regression models and 
restricted cubic spline plots were employed to analyze the linear and non-linear 
associations between LE8 and PhenoAgeAccel, along with gender subgroup 
analysis and interaction effect testing.

Results: (1) Dividing the 2007–2010 NHANES cohort into quartiles based on LE8 
unveiled significant disparities in age, gender, race, body mass index, education 
level, marital status, poverty-income ratio, smoking and drinking statuses, 
diabetes, hypertension, hyperlipidemia, phenotypic age, PhenoAgeAccel, 
and various biological markers (p  <  0.05). Mean cell volume demonstrated 
no intergroup differences (p  >  0.05). (2) The generalized linear regression 
weighted models revealed a more pronounced negative correlation between 
higher quartiles of LE8 (Q2, Q3, and Q4) and PhenoAgeAccel compared to 
the lowest LE8 quartile in both crude and fully adjusted models (p < 0.05). This 
trend was statistically significant (p < 0.001) in the full adjustment model. Gender 
subgroup analysis within the fully adjusted models exhibited a significant 
negative relationship between LE8 and PhenoAgeAccel in both male and female 
participants, with trend tests demonstrating significant results (p < 0.001 for males 
and p = 0.001 for females). (3) Restricted cubic spline (RCS) plots elucidated no 
significant non-linear trends between LE8 and PhenoAgeAccel overall and in 
gender subgroups (p for non-linear > 0.05). (4) Interaction effect tests denoted 
no interaction effects between the studied stratified variables such as age, 
gender, race, education level, and marital status on the relationship between 
LE8 and PhenoAgeAccel (p for interaction > 0.05). However, body mass index and 
diabetes manifested interaction effects (p for interaction < 0.05), suggesting that 
the influence of LE8 on PhenoAgeAccel might vary depending on an individual’s 
BMI and diabetes status.
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Conclusion: This study, based on NHANES data from 2007–2010, has 
revealed a significant negative correlation between LE8 and PhenoAgeAccel, 
emphasizing the importance of maintaining a healthy lifestyle in slowing down 
the biological aging process. Despite the limitations posed by the study’s design 
and geographical constraints, these findings provide a scientific basis for the 
development of public health policies focused on healthy lifestyle practices. 
Future research should further investigate the causal mechanisms underlying 
the relationship between LE8 and PhenoAgeAccel and consider cross-cultural 
comparisons to enhance our understanding of healthy aging.

KEYWORDS

Life’s Essential 8, National Health and Nutrition Examination Survey, Phenotypic Age 
Acceleration, biological aging, healthy lifestyle

Introduction

With the extension of human lifespan, aging emerges as a 
significant public health challenge, engendering a slew of health issues 
including increased susceptibility to chronic diseases and diminished 
quality of life. This scenario necessitates a pivot toward understanding 
and alleviating the aging process, with biological aging—a gradual 
decline in the functionality of bodily tissues and organs increasing 
susceptibility to diseases—standing as a pivotal area of study (1, 2). 
The formulation of preventative strategies and interventions against 
aging is urgent to foster the progression of healthy aging. Noteworthy 
is the considerable variation in the pace of aging across individuals, a 
disparity that mirrors directly in their vulnerability to mortality and 
morbidity. Hence, distinguishing the individual aging velocities, 
especially early in the lifecycle, is vital, aiding in the early identification 
of high-risk individuals or potential high-risk groups, thereby offering 
strategic guidance and support for more precise secondary and 
tertiary preventions (3).

In recent years, researchers have ventured deeper into the 
interrelations between biological aging and a myriad of health 
indicators encompassing biomarkers, diet, physical activity, and 
disease risks (1). Epigenetics presents a promising avenue in this 
context, offering a lucrative method to gauge and comprehend 
biological age and the velocity of aging, known as epigenetic age (4), 
an approach amalgamating various biomarkers to efficaciously predict 
the risks associated with mortality, cancer, cardiovascular diseases, 
and other health issues (5–8).

To foster a robust understanding of the aging process and its 
influencers, this study introduces two pivotal metrics: Life’s Essential 
8 (LE8) and Phenotypic Age Acceleration (PhenoAgeAccel). LE8, 
delineated by the American Heart Association, encapsulates a cohort 
of crucial metrics devoted to enhancing and sustaining cardiovascular 
health, encompassing two primary domains of healthy behaviors and 
health factors, addressing individual aspects like diet, physical activity, 
and nicotine exposure, aiming to mitigate the risks of heart diseases, 
strokes, and other principal health issues (9, 10). PhenoAgeAccel, an 
emergent aging measurement technique grounded in epigenetics, 
offers a more authentic reflection of an individual’s biological age, 
superseding mere chronological age computation (1, 3, 11–16). This 
method has manifested substantial predictive value, having been 

employed to prognosticate a range of health outcomes and chronic 
disease risks (17–20).

Specifically, detrimental dietary habits and low levels of physical 
activity have been pinpointed as critical accelerators of aging, while 
moderate alcohol consumption and avoidance of smoking have been 
associated with a slower aging trajectory (21–23). Recent studies have 
further illuminated the associations between sleep, prolonged sitting, 
physical activity, and PhenoAgeAccel, accentuating the bearing of 
lifestyle on the aging process (19).

Given the above, this research seeks to delve deep into the 
relationship between LE8 and PhenoAgeAccel, endeavoring to 
elucidate how LE8 influences the process of phenotypic biological 
aging. The preliminary hypothesis of this study posits a significant 
inverse association between LE8 and PhenoAgeAccel, suggesting that 
healthier lifestyles may decelerate the biological aging process to an 
extent. Through a rigorous exploration of the interrelation between 
these variables, the study not only aspires to unravel the biological 
mechanisms underlying aging but also aims to furnish more targeted 
guidance for public health policies and health education.

Methods

Study subjects and data sources

This study utilized data from the National Health and Nutrition 
Examination Survey (NHANES) conducted from 2007 to 2010. 
NHANES is a nationally representative survey executed by the 
United States Centers for Disease Control and Prevention (CDC) 
aimed at evaluating the health and nutritional status of adults and 
children in the United  States. The participants were primarily 
derived from the NHANES database, adhering to the guidance 
principles of the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE). This biennial survey, executed 
by the National Center for Health Statistics and the CDC, employs 
a multistage probability sampling design to examine about 10,000 
non-institutionalized individuals from across the United States. 
The data collection encompasses household interviews and 
physical examinations. During the interviews, participants 
responded to questions regarding demographic, socioeconomic, 
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dietary, and health-related variables, while the physical 
examinations measured medical, dental, and physiological 
biochemical indicators.

Between 2007 and 2010, NHANES sampled a total of 20,686 
individuals for the survey, of which 11,766 were adults (≥20 years 
old). We amassed 10,624 valid individual interview questionnaires, 
excluding 1,142 invalid ones. Out of these, 10,424 participants 
underwent physical examinations, excluding 200 non-participants; 
9,458 completed the smoking and alcohol consumption 
questionnaires, excluding 966 non-participants; 9,362 were 
surveyed for comorbidities such as diabetes, hypertension, and 
hyperlipidemia, excluding 96 non-participants; 7,391 underwent 
LE8 indicator testing such as physical activity questionnaires, sleep 
duration questionnaires, and dietary questionnaires, excluding 
1,971 non-participants; 7,339 underwent PhenoAgeAccel indicator 
testing involving laboratory examinations such as blood 
biochemical data examination, excluding 52 non-participants. 
Ultimately, we  included and retained valid data from 7,339 
participants in this research (the detailed screening process is 
depicted in Figure 1). The survey was conducted in accordance 
with the Declaration of Helsinki.

Definitions of Life’s Essential 8

The “Life’s Essential 8” standard set forth by the American Heart 
Association leverages a series of self-reported questionnaires to assess 
and score individual health status, encompassing eight dimensions: 
diet, physical activity, nicotine exposure, sleep health, BMI, blood 
lipids, blood sugar, and blood pressure (9, 10, 24, 25). Each dimension 
is categorized into different levels according to specific criteria, with 

corresponding scores assigned to form a comprehensive score 
quantifying individual health status.

Diet
Dietary information is acquired through a self-administered food 

frequency questionnaire. Only participants who provided dietary 
information for 2 days were included in the data analysis, excluding 
those who provided data for just 1 day. The AHA devised a new 
methodology to assess dietary quality based on adherence to the 
“Healthy Eating Index 2015,” segregating populations into different 
percentile values (1st–24th, 25th–49th, 50th–74th, 75th–94th, 
and ≥ 95th), corresponding to scores of 0, 25, 50, 80, and 100, 
respectively (9).

Physical activity
Physical activity assessment hinges on the number of minutes of 

moderate or vigorous physical activity reported weekly by participants 
through a questionnaire. The duration of physical activity is divided 
into different levels (0, 1–29, 30–59, 60–89, 90–119, 120–149, 
and ≥ 150 min/week), with corresponding scores of 0, 20, 40, 60, 80, 
90, and 100, respectively (9).

Nicotine exposure
The questionnaire gathered self-reported nicotine exposure 

information from participants. Beyond combustible tobacco use, the 
AHA also included the use of other nicotine delivery systems such as 
e-cigarettes and exposure to second-hand smoke in the “Life’s 
Essential 8” definition. Nicotine exposure is delineated into five 
categories: current smokers, former smokers (quit <1 year) or current 
users of inhalable nicotine delivery systems, former smokers (quit 1 
to <5 years), former smokers (quit ≥5 years), and never smokers, 

FIGURE 1

Flow chat.
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corresponding to scores of 0, 25, 50, 80, and 100, respectively. An 
additional 20 points are deducted for adults exposed to indoor 
smokers (9).

Sleep health
Sleep health, a new metric in the “Life’s Essential 8” objectives, is 

gauged based on the average number of sleep hours reported nightly 
by participants through a questionnaire. The nightly sleep hours are 
categorized into different levels (<4, 4 to <5, 5 to <6 or ≥ 10, 6 to <7, 9 
to <10, and 7 to <9 h), with respective scores of 0, 20, 40, 70, 90, and 
100 (9).

Body mass index
Body mass index is calculated using objectively measured weight 

and height (calculated as the individual’s body weight in kilograms 
divided by the square of their height in meters.). BMI is segmented 
into various levels (≥40.0, 35.0–39.9, 30.0–34.9, 25.0–29.9, 
and < 25.0 kg/m2), with corresponding scores of 0, 15, 30, 70, and 100, 
respectively (9).

Blood lipids
Blood samples are utilized to measure total cholesterol and High-

Density Lipoprotein (HDL) cholesterol. Non-HDL cholesterol is 
derived by subtracting HDL cholesterol from the total cholesterol. 
Non-HDL cholesterol is categorized into different levels (≥220, 
190–219, 160–189, 130–159, and < 130 mg/dL), with respective scores 
of 0, 20, 40, 60, and 100 (9).

Blood sugar
Fasting blood samples are employed to measure Fasting Blood 

Glucose (FBG), along with both fasting and non-fasting blood samples 
used for HbA1c measurement. Blood sugar levels are segmented into 
different levels including diabetes (HbA1c ≥10.0%), diabetes (HbA1c 
9.0–9.9%), diabetes (HbA1c 8.0–8.9%), diabetes (HbA1c 7.0–7.9%), 
diabetes (HbA1c <7.0%), non-diabetic but FBG 100–125 mg/dL or 
HbA1c 5.7–6.4%, and non-diabetic with FBG <100 mg/dL or HbA1c 
<5.7%. The corresponding scores are 0, 10, 20, 30, 40, 60, and 100, 
respectively (9).

Blood pressure
Blood pressure is measured using a cuff of appropriate size. Blood 

pressure levels are divided into different categories, including systolic 
≥160 mmHg or diastolic ≥100 mmHg, 140–159 or 90–99 mmHg, 
130–139 or 80–89 mmHg, 120–129/<80 mmHg, and < 120/80 mmHg, 
with respective scores of 0, 25, 50, 75, and 100. If undergoing 
antihypertensive treatment, a deduction of 20 points is applied (9).

Definitions of Phenotypic Age Acceleration

This study, based on prior representative phenotypic age research, 
computed individuals’ phenotypic age (1). The phenotypic age is 
derived through a comprehensive calculation that takes into account 
the actual age and nine biological markers, including albumin, 
creatinine, glucose, and C-reactive protein (CRP) represented in 
logarithmic form, lymphocyte percentage, mean cell volume, red cell 
distribution width, alkaline phosphatase, and white blood cell count, 
based on the parameterization of two Gompertz proportional hazard 

models (where one model utilized all 10 selected variables, and the 
other solely employed the actual age). These biological markers were 
determined through a 10-fold cross-validation of mortality using the 
Cox proportional hazards elastic net model.

In this study, Phenotypic Age Acceleration (PhenoAgeAccel) is 
ascertained through the calculation of residuals from regressing the 
phenotypic age against the actual age using a linear model (3). For 
instance, assuming two individuals are both 50 years old, but one 
physiologically appears younger, showcasing more youthful health 
and vitality, while the other seems older due to health issues or adverse 
lifestyle habits. PhenoAgeAccel, serving as a lower-bound metric 
where a smaller variable value denotes a slower biological aging 
process, essentially functions as a marker to gauge an individual’s 
physiological state relative to their chronological age, aiding in 
understanding the variations in physiological aging speed relative to 
the actual age. The specific formula is as follows:

 
Phenotypic Age

xb
= +

− × −( ) 
141 50

0 00553 1

0 09165
.

ln . ln

. .

xb==−19.907 − 0.0336×albumin+0.0095×creatinine+0.0195×
glucose+0.0954×ln(CRP)−0.0120×lymphocyte percent+0.0268×mean 
cell volume+0.3356×red cell distribution width+0.00188×alkaline 
phosphatase+0.0554×white blood cell count+0.0804×chronological age

Covariate

The covariates included in this study encompass age; gender 
(male, female); race (Mexican American, non-Hispanic black, 
non-Hispanic white, and other races); education level (below high 
school, high school, and above high school); poverty income ratio, 
calculated by dividing the family (or individual) income by the 
poverty guidelines set for the survey year (low income with a PIR 
≤1.3, medium income with a 1.3 < PIR <3.5, and high income with a 
PIR ≥3.5); marital status (married/living with a partner, never 
married, widowed/divorced/separated); body mass index 
(categorized into <25, 25–29.9, and ≥ 30 kg/m2); smoking status 
categorized as never (smoked less than 100 cigarettes in their 
lifetime), former (smoked more than 100 cigarettes in their lifetime 
but not at all now), and current (smoked more than 100 cigarettes in 
their lifetime and smokes some days or every day); alcohol 
consumption divided into five categories: never (less than 12 times in 
their lifetime), former (at least once in the last 12 years but not in the 
last year, or not in the last year but at least 12 times in their lifetime), 
light (up to one drink per day for females and up to two drinks per 
day for males), moderate (up to two drinks per day for females and 
up to three drinks per day for males), and heavy (up to three drinks 
per day for females and up to four drinks per day for males); criteria 
for hypertension diagnosis: (1) being informed by a doctor or 
healthcare professional of having hypertension, (2) having used 
antihypertensive drugs, and (3) having a systolic blood pressure of 
≥140 mmHg and a diastolic blood pressure of ≥90 mmHg in three 
measurements; criteria for hyperlipidemia diagnosis: (1) having 
triglycerides (TG) levels of ≥150 mg/dL, (2) having serum total 
cholesterol (TC) levels of ≥200 mg/dL, having low-density lipoprotein 
(LDL) levels of ≥130 mg/dL, having high-density lipoprotein (HDL) 
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levels of <40 mg/dL for males and < 50 mg/dL for females, and (3) 
using lipid-lowering drugs; criteria for diabetes diagnosis: (1) being 
informed by a doctor or healthcare professional of having diabetes, 
(2) having glycated hemoglobin (HbA1c) levels of ≥6.5 mmol/L, (3) 
having fasting blood glucose (GHLU) levels of ≥7.0 mmol/L, and (4) 
having used anti-diabetic drugs.

Statistical methods

This study adhered to the NHANES complex sampling survey 
procedures, utilizing the complex sampling weights provided in the 
NHANES analytical guidelines for computation. The analysis of the 
indicators was conducted using weighted data to yield nationally 
representative data estimates. Continuous variables involved in this 
study were presented as mean (standard error), while categorical 
variables were denoted by actual numbers (weighted percentages). For 
the intergroup variability test, one-way ANOVA was applied to 
continuous variables, and the chi-squared test was employed for 
categorical variables. A weighted generalized linear regression model 
was adopted to analyze the linear relationship between LE8 and 
PhenoAgeAccel, further branching into gender sub-group analyses. 
Moreover, based on the outcomes of the linear regression, non-linear 
trends between the variables were examined through unrestricted 
cubic splines. Ultimately, control variables were incorporated into the 
interaction effect testing model to further verify whether there were 
interaction effects between the control variables and the relationship 
between LE8 and PhenoAgeAccel. A threshold of a two-sided p < 0.05 
was considered statistically significant. All analyses were executed 
using R Studio (version 4.2.1, United States).

Results

Baseline characteristics of the study 
population

Table 1 displays the characteristics of the study population in the 
2007–2010 NHANES, categorized into quartiles based on the LE8 
score. Significant differences (p < 0.05) were observed across the 
quartiles for variables such as age, gender, race, body mass index, 
education level, marital status, poverty income ratio, smoking status, 
alcohol consumption, diabetes, hypertension, hyperlipidemia, 
phenotypic age, phenotypic age acceleration, albumin, creatinine, 
glucose, C-reactive protein, lymphocyte percentage, red cell 
distribution width, alkaline phosphatase, and white blood cell count. 
No intergroup differences were noted in the mean corpuscular volume 
(p > 0.05).

Association analysis between Life’s 
Essential 8 and Phenotypic Age 
Acceleration in American adults

The generalized linear regression weighted model for LE8 and 
PhenoAgeAccel demonstrated (Table  2) that in the crude model, 
compared to the lowest quartile of LE8, there was a more significant 
negative correlation between LE8 Q2 (p < 0.0001), Q3 (p < 0.0001), Q4 

(p < 0.0001), and PhenoAgeAccel, with the trend test showing 
significance (p < 0.05). In the fully adjusted model (Model 2), there 
was a more pronounced negative correlation between LE8 Q2 
(p = 0.003), Q3 (p = 0.003), Q4 (p = 0.001), and PhenoAgeAccel, 
compared to the lowest quartile of LE8, with the trend test being 
significant (p < 0.001).

Results from the gender subgroup generalized linear regression 
weighted model indicated (Table 3) that in the fully adjusted model 
for males (Model 2), compared to the lowest quartile of LE8, there was 
a more pronounced negative correlation between LE8 Q2 (p = 0.02), 
Q3 (p = 0.01), Q4 (p = 0.002), and PhenoAgeAccel, with the trend test 
indicating significance (p < 0.001). In the fully adjusted model for 
females (Model 2), compared to the lowest quartile of LE8, LE8 Q2 
(p = 0.003), Q3 (p = 0.01), and Q4 (p = 0.002) were significantly 
negatively correlated with PhenoAgeAccel, with the trend test showing 
significance (p = 0.001).

Restricted cubic spline visualization

The exploration of whether there exists a non-linear correlation 
between LE8 and PhenoAgeAccel was further conducted through 
restricted cubic spline (RCS) graphs. The results presented in Figure 2 
demonstrate no significant non-linear trends between LE8 and 
PhenoAgeAccel (p for Nonlinear = 0.954). The sub-group analysis 
based on gender reveals that upon controlling the variables through a 
fully adjusted linear regression model (Model 2) for males, there were 
no notable non-linear trends between male LE8 and PhenoAgeAccel 
as depicted in Figure 3 (p for Nonlinear = 0.234). Similarly, Figure 4 
illustrates an insignificant non-linear trend between female LE8 and 
PhenoAgeAccel (p for Nonlinear = 0.271).

Interaction effect test

The results of the interaction effect test shown in Table 4 indicate 
that the stratification variables chosen in this study, which include age, 
gender, ethnicity, education level, marital status, poverty-income ratio, 
smoking status, drinking status, hypertension, and hyperlipidemia, 
did not produce an interaction effect on the relationship between LE8 
and PhenoAgeAccel (p for interaction > 0.05). However, body mass 
index (BMI) and diabetes did exhibit interaction effects on the 
correlation between LE8 and PhenoAgeAccel (p for interaction < 0.05), 
suggesting that the influence of LE8 on PhenoAgeAccel might vary 
depending on an individual’s BMI and whether they have diabetes.

Discussion

This research based on NHANES data from 2007 to 2010 delves 
into the relationship between LE8 and PhenoAgeAccel. It found a 
significant negative correlation between LE8 and PhenoAgeAccel 
when considering a multitude of population variables, a point 
corroborated across different gender subgroups. However, the 
non-linear trend in this relationship was not pronounced, suggesting 
a stable linear trend that implies a direct and continuous relationship 
between LE8 and PhenoAgeAccel, unaffected by certain specific 
thresholds. Furthermore, aside from body mass index and diabetes, 
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TABLE 1 The continuity variables involved in this study are expressed by means (standard error), and the categorical variables are expressed by actual 
quantities (weighted percentages).

Characteristic Overall Quartile 1 
[15.63, 56.25]

Quartile 2 
(56.25, 66.88]

Quartile 3 
(66.88, 76.88]

Quartile 4 
(76.88, 100]

p value

N 7,339 1,882 1,843 1,849 1,765

Gender, n (weighted %) < 0.0001

  Female 3,736 (51.76) 960 (51.80) 873 (46.09) 883 (49.54) 1,020 (58.20)

  Male 3,603 (48.24) 922 (48.20) 970 (53.91) 966 (50.46) 745 (41.80)

Age, years, n (weighted %) < 0.0001

  20–29 1,132 (17.85) 114 (8.48) 208 (11.89) 330 (20.56) 480 (26.71)

  30–39 1,189 (17.19) 208 (13.17) 292 (17.38) 302 (16.32) 387 (20.66)

  40–49 1,296 (20.78) 344 (21.77) 319 (21.52) 321 (20.12) 312 (20.10)

  50–59 1,173 (19.57) 354 (21.61) 312 (20.77) 295 (19.98) 212 (16.81)

  ≥60 2,549 (24.61) 862 (34.98) 712 (28.44) 601 (23.01) 374 (15.73)

Race, n (weighted %) < 0.0001

Non-Hispanic Black 1,258 (9.52) 437 (14.65) 345 (11.26) 292 (8.56) 184 (5.39)

Mexican American 1,203 (7.41) 279 (6.79) 318 (8.08) 301 (7.13) 305 (7.59)

Non-Hispanic White 3,903 (74.01) 947 (70.99) 949 (72.83) 1,014 (75.34) 993 (75.85)

Other race (including multi-racial and 

other Hispanic)
975 (9.06) 219 (7.57) 231 (7.83) 242 (8.97) 283 (11.17)

Body mass index, kg/m2, n (weighted %) < 0.0001

  <25 2,078 (31.01) 202 (10.58) 350 (17.66) 552 (29.65) 974 (57.20)

  25–29.9 2,518 (34.13) 473 (23.85) 654 (34.61) 768 (41.64) 623 (34.18)

  ≥30 2,743 (34.86) 1,207 (65.57) 839 (47.73) 529 (28.72) 168 (8.62)

Education level, n (weighted %) < 0.0001

  Above 3,658 (58.85) 671 (41.92) 786 (48.75) 984 (61.30) 1,217 (76.53)

  High school 1,752 (23.84) 502 (30.38) 517 (28.72) 451 (24.76) 282 (14.54)

  Below 1,929 (17.31) 709 (27.70) 540 (22.52) 414 (13.95) 266 (8.94)

Marital status, n (weighted %) < 0.0001

  Married/living with partner 4,532 (65.96) 1,102 (63.09) 1,121 (66.66) 1,177 (66.48) 1,132 (66.95)

  Never married 1,157 (16.33) 191 (10.47) 258 (13.41) 304 (16.45) 404 (22.65)

  Widowed/Divorced/Separated 1,650 (17.72) 589 (26.44) 464 (19.94) 368 (17.07) 229 (10.39)

Poverty to income ratio, n (weighted %) < 0.0001

  <1.3 2,191 (19.12) 716 (27.07) 603 (22.92) 492 (16.92) 380 (12.52)

  1.3–3.49 2,799 (35.21) 742 (39.84) 724 (36.62) 698 (34.30) 635 (31.68)

  ≥3.5 2,349 (45.66) 424 (33.10) 516 (40.46) 659 (48.78) 750 (55.80)

Smoke status, n (weighted %) < 0.0001

  Former smoker 1910 (25.66) 546 (26.72) 522 (29.17) 512 (28.14) 330 (19.88)

  Nonsmoker 3,889 (54.15) 601 (31.20) 871 (44.46) 1,038 (55.58) 1,379 (76.70)

  Current smoker 1,540 (20.19) 735 (42.08) 450 (26.37) 299 (16.27) 56 (3.43)

Alcohol status, n (weighted %) < 0.0001

  Former 1,432 (16.42) 552 (26.84) 393 (19.74) 314 (14.02) 173 (8.64)

  Never 954 (10.42) 238 (9.95) 240 (10.18) 219 (9.17) 257 (12.06)

  Mild 2,356 (35.93) 484 (28.10) 545 (33.48) 644 (36.82) 683 (42.57)

  Moderate 1,094 (16.51) 230 (14.18) 258 (14.21) 276 (16.79) 330 (19.71)

  Heavy 1,503 (20.73) 378 (20.93) 407 (22.40) 396 (23.20) 322 (17.02)

Diabetes, n (weighted %) < 0.0001

(Continued)
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no other variables exhibited significant interactive effects with LE8 
and PhenoAgeAccel. This might hint that the impact of LE8 on 
PhenoAgeAccel varies with individual body mass index and diabetic 
conditions. In conclusion, this negative correlation potentially 
indicates that higher levels of LE8 are associated with a slower 
PhenoAgeAccel process, but this necessitates further research to 
pinpoint the underlying biological mechanisms and 
clinical implications.

Life’s Essential 8, the latest definition of ideal cardiovascular health 
set by the American Heart Association, encompasses four health 
behaviors (diet, physical activity, nicotine exposure, and sleep) and 
four health factors (body mass index, blood pressure, blood sugar, and 
cholesterol levels) (9). Studies affirm its tight correlation with reduced 
risks of adverse health outcomes. Higher LE8 scores indicate better 
cardiovascular health and lower coronary heart disease risks across 
different populations (26). In the Women’s Health Initiative cohort of 
postmenopausal women, the average LE8 score was moderate, with 
about a quarter having good cardiovascular health (27). LE8 scores 
can be accurately estimated using routinely collected parameters like 
demographics, body mass index, smoking status, blood pressure, and 
medical history, even when some metrics are missing (28). A recent 
study unveiled a significant negative correlation between LE8 scores 
and cardiovascular disease mortality and all-cause mortality risk in 
middle-aged and older Finnish men. The research established that an 
increase of 50 points in the LE8 score lowers the risks by 17 and 14% 
for cardiovascular disease mortality and all-cause mortality 
respectively, compared to the lowest quartile (29). Another recent 
study noted a 23% increased risk of hypertension over 6 years 

associated with lower LE8 scores (30). Research demonstrated that the 
interaction of LE8 with genetic susceptibility significantly affects 
health outcomes, with high LE8 levels considerably reducing adverse 
cardiovascular disease event risks in individuals with high genetic 
predispositions; notably, ideal cardiovascular health can decrease the 
risk by 74%. Moreover, nearly 70% of health outcomes and 51.2% of 
the associations between genetic susceptibility and health outcomes 
can be attributed to LE8 (24). In sum, these studies provide compelling 
evidence that achieving and maintaining the ideal cardiovascular 
health defined by LE8 can offer life-changing health benefits, especially 
for individuals with higher genetic risks.

Epigenetic age acceleration, the differential between an 
individual’s biological and actual age, has emerged as a central focus 
in aging research. Multiple studies have unveiled its significant 
associations with adverse health outcomes and heightened risks of 
early mortality (31–33), influenced by a complex array of factors 
including socio-psychological stress and early life adversities, which 
have been proven to be linked with advanced epigenetic age (14, 
34). This process begins early in life, profoundly impacted by 
growth experiences. For instance, lower birth weights and poor 
maternal nutrition during pregnancy have been associated with 
higher epigenetic age in young adults, particularly in males (35). 
Novel research methodologies are striving to enhance our 
understanding of what epigenetic age acceleration represents at the 
biological level, including the establishment of probabilistic models 
to elucidate how cellular level methylation variations lead to 
accelerated or deviated estimates of epigenetic age (36). Moreover, 
PhenoAgeAccel, a novel biomarker for aging, has been linked with 

TABLE 1 (Continued)

Characteristic Overall Quartile 1 
[15.63, 56.25]

Quartile 2 
(56.25, 66.88]

Quartile 3 
(66.88, 76.88]

Quartile 4 
(76.88, 100]

p value

  No 6,167 (88.32) 1,230 (70.81) 1,542 (86.71) 1,683 (93.69) 1,712 (97.06)

  Yes 1,172 (11.68) 652 (29.19) 301 (13.29) 166 (6.31) 53 (2.94)

Hypertension, n (weighted %) < 0.0001

  No 4,235 (63.74) 612 (37.12) 933 (54.34) 1,209 (68.32) 1,481 (85.78)

  Yes 3,104 (36.26) 1,270 (62.88) 910 (45.66) 640 (31.68) 284 (14.22)

Hyperlipidemia, n (weighted %) < 0.0001

  No 1,840 (26.34) 201 (9.75) 303 (15.19) 524 (27.56) 812 (45.73)

  Yes 5,499 (73.66) 1,681 (90.25) 1,540 (84.81) 1,325 (72.44) 953 (54.27)

Phenotypic age, years 42.67 (0.45) 52.37 (0.51) 46.03 (0.54) 40.93 (0.62) 34.74 (0.68) < 0.0001

Phenotypic age acceleration −4.72 (0.13) −0.34 (0.22) −3.95 (0.21) −5.57 (0.19) −7.63 (0.16) < 0.0001

Refrige glucose, mmol/L 5.39 (0.03) 6.17 (0.07) 5.42 (0.05) 5.20 (0.03) 4.98 (0.02) < 0.0001

Alkaline phosphatase, U/L 66.77 (0.35) 74.37 (0.73) 69.55 (0.62) 65.49 (0.48) 60.36 (0.58) < 0.0001

Albumin, g/L 42.77 (0.08) 41.81 (0.12) 42.58 (0.13) 42.94 (0.08) 43.45 (0.12) < 0.0001

Creatinine, μmol/L 78.20 (0.50) 81.65 (1.01) 80.69 (0.83) 77.27 (0.56) 74.66 (0.64) < 0.0001

C-reactive protein, mg/dL 0.37 (0.01) 0.59 (0.03) 0.40 (0.02) 0.32 (0.02) 0.22 (0.01) < 0.0001

WBC, 1,000 cells/μL 7.14 (0.04) 8.10 (0.08) 7.37 (0.06) 6.92 (0.05) 6.50 (0.04) < 0.0001

Lymphocyte percent, % 30.23 (0.16) 29.29 (0.21) 30.01 (0.27) 30.29 (0.23) 31.02 (0.23) < 0.0001

Mean cell volume, fL 89.27 (0.23) 89.08 (0.27) 89.27 (0.30) 89.03 (0.27) 89.64 (0.24) 0.05

Red cell distribution width, % 12.75 (0.03) 13.08 (0.04) 12.80 (0.04) 12.73 (0.04) 12.49 (0.03) < 0.0001

The One-way ANOVA applies to continuity variables and Chi-square test applies to categorical variables; Q1, the first quartile; Q2, the second quartile; Q3, the third quartile; Q4, the fourth 
quartile; ref, reference; Life’s Essential 8 quartile ranges: Quartile 1 = 15.63–56.25; Quartile 2 = 56.26–66.88; Quartile 3 = 66.89–76.88; and Quartile 4: 76.88–100.
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lifestyle factors such as body mass index, fat content, and physical 
activity levels (37, 38). Recent findings show that regular physical 
activity can decelerate epigenetic aging by slowing immune aging 
and reducing cardiovascular risks (39). This supports the current 
research, where LE8, principally constituted of health behaviors and 
factors including physical activity, body mass index, and cholesterol 
levels, plays a vital role in influencing the human aging process. 
PhenoAgeAccel not only facilitates a deeper understanding of aging 
biology and the development of aging-related morbidity but also 
uncovers how lifestyle modifications can influence the speed of 
biological aging when combined with LE8. It is evident that 
epigenetic age acceleration is a multifaceted and complex 
phenomenon, associated with adverse health outcomes and 
influenced by early life experiences, offering a window to 
comprehend and explore the utility of epigenetic clocks in 
predicting health and longevity, thus presenting a valuable direction 
for future research and interventions.

It is widely recognized that physical activity positively influences 
the resistance to the processes of aging. Larasati (40) underscored the 
myriad benefits of physical exercise for older individuals, 
encompassing improvements in cardiovascular health, reduction in 
the risk of chronic diseases, and upliftment of mental health levels. 
Glynn (41) further indicated that sustained physical training could 
markedly decelerate the physiological impacts of aging, thereby 
fostering successful aging. Research conducted by Rogers (42) 
discovered that high-intensity physical workouts, especially strenuous 
exercises, could slow down the weakening process in older individuals. 
Pabianek (43) also affirmed the importance of physical training, 
emphasizing its role in reducing age-related muscle loss and lowering 
the risk of chronic diseases. These studies collectively corroborate the 
pivotal role of physical exercise in delaying the aging process and 
promoting healthy aging.

In LE8, dietary health follows HEI-2015, establishing a 
correlation between HEI-2015 and aging-associated outcomes. 

TABLE 2 Crude model is the unadjusted model.

Crude model Model 1 Model 2

95% CI p 95% CI p 95% CI p

Life’s Essential 8 −0.2 (−0.21, −0.18) <0.0001 −0.14 (−0.17,−0.11) <0.0001 −0.1 (−0.13, −0.07) <0.001

  Q1 ref ref ref

  Q2 −3.61 (−4.15, −3.07) <0.0001 −2.74 (−3.41, −2.08) <0.0001 −1.77 (−2.56, −0.98) 0.003

  Q3 −5.22 (−5.83, −4.62) <0.0001 −3.43 (−4.27, −2.58) <0.0001 −2.08 (−2.96, −1.20) 0.003

  Q4 −7.29 (−7.80, −6.78) <0.0001 −4.34 (−5.24, −3.43) <0.0001 −2.82 (−3.82, −1.83) 0.001

p for trend <0.0001 <0.0001 <0.001

Model 1 adjusted for age, gender, race, poverty to income ratio, education level, BMI, marital status, smoke status, and alcohol status. Model 2 adjusted for age, gender, race, poverty to income 
ratio, education level, BMI, marital status, smoke status, alcohol status, diabetes, hypertension, and hyperlipidemia.

TABLE 3 Crude model is the unadjusted model.

Gender: Male Crude model Model 1 Model 2

95% CI p 95% CI p 95% CI p

Life’s Essential 8 −0.18 (−0.20, −0.16) <0.0001 −0.14 (−0.17, −0.11) <0.0001 −0.09 (−0.12, −0.06) <0.001

  Q1 ref ref ref

  Q2 −3 (−3.82, −2.18) <0.0001 −2.16 (−2.97, −1.35) <0.001 −1.15 (−2.07, −0.23) 0.02

  Q3 −4.52 (−5.34, −3.69) <0.0001 −3.11 (−3.97, −2.25) <0.0001 −1.7 (−2.62, −0.78) 0.01

  Q4 −6.4 (−7.26, −5.53) <0.0001 −4.14 (−5.19, −3.09) <0.0001 −2.41 (−3.46, −1.35) 0.002

p for trend <0.0001 <0.0001 <0.001

Gender: Female Crude model Model 1 Model 2

95% CI p 95%CI p 95%CI p

Life’s Essential 8 −0.21 (−0.22, −0.19) <0.0001 −0.15 (−0.20, −0.11) <0.0001 −0.12 (−0.16, −0.07) <0.001

Q1 ref ref ref

Q2 −4.29 (−4.99, −3.59) <0.0001 −3.41 (−4.36, −2.47) <0.0001 −2.45 (−3.58, −1.33) 0.003

Q3 −5.93 (−6.77, −5.09) <0.0001 −4.06 (−5.43, −2.70) <0.001 −2.74 (−4.24, −1.25) 0.01

Q4 −7.96 (−8.64, −7.28) <0.0001 −4.97 (−6.32, −3.63) <0.0001 −3.57 (−5.06, −2.08) 0.002

p for trend <0.0001 <0.0001 0.001

Model 1 adjusted for age, race, poverty to income ratio, education level, BMI, marital status, smoke status, and alcohol status. Model 2 adjusted for age, race, poverty to income ratio, education 
level, BMI, marital status, smoke status, alcohol status, diabetes, hypertension, and hyperlipidemia. Q1, The first quartile; Q2, The second quartile; Q3, The third quartile; Q4, The fourth 
quartile; and ref, reference.
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Abigail et  al. (44) emphasized a dose-dependent relationship 
between diet quality and both longevity and successful aging. Ma 
(45) revealed a positive correlation between HEI-2015 and the 
plasma levels of the anti-aging protein S-Klotho, suggesting a 
potential link between healthy eating and anti-aging attributes. 
Research by Fan et  al. (46) established a negative correlation 
between higher HEI-2015 scores and a reduced likelihood of 
physical frailty in American older individuals. These findings 
collectively suggest that adhering to healthy dietary patterns could 
exert beneficial impacts on aging-related outcomes.

In LE8, nicotine exposure is primarily assessed through 
smoking habits, associating it with accelerated aging. Park et al. 
(47) found a significant relationship between genetically predicted 
and observed smoking behaviors and aging phenotypes. Linli et al. 
(48) demonstrated that smoking correlates with accelerated brain 
aging, influenced by smoking characteristics like duration and 
intensity. Research by Laksmi et al. (49) stated that smoking and 
low levels of superoxide dismutase (SOD) are risk factors for 
premature aging in women. These studies signify the association 
of nicotine exposure with biological aging, highlighting the 
necessity to augment awareness regarding this connection. 
Previous research unequivocally illustrates an interdependent 
relationship between sleep quality and aging. Casagrande’s (50) 
study unveiled the linkage between sleep disturbances and 
cognitive impairments, particularly accentuated in Alzheimer’s 

patients. Research by Gkotzamanis et al. (51) discovered a negative 
correlation between poor sleep quality and elongated sleep 
duration with healthy aging trajectories. Moreover, Tibon et al. 
(52) verified the connection between brain network dynamic 
alterations with sleep quality and cognitive performances, 
reinforcing their relation to aging. These investigations jointly 
underline the imperative of maintaining good sleep quality in the 
healthy aging trajectory, pinpointing the close ties between sleep 
quality, cognitive functions, and brain network dynamics. A 
connection exists between Body Mass Index (BMI) and aging. 
Lundgren et al. (53) found that higher BMIs correlate positively 
with accelerated epigenetic aging. Santos et al. (54) discussed the 
molecular mechanisms connecting obesity with aging, emphasizing 
the similarities in metabolic dysfunction and the potential for 
obesity to speed up aging. Tam et  al. (55) further affirmed the 
similarities in phenotypes and comorbidities between obesity and 
aging, including compromised genome integrity, mitochondrial 
dysfunction, and systemic inflammation. Reyes-Farias (56) focused 
on the functional impairments in white adipose tissue in obesity 
and aging, highlighting the role of chronic low-grade inflammation 
in mediating aging. These studies demonstrate the interconnected 
nature of body mass and aging, bearing similar causal features, and 
physiological mechanisms. Blood pressure exhibits alterations with 
advancing age, generally characterized by an increase in systolic 
pressure while diastolic pressure remains stable or even reduces, 

FIGURE 2

Restricted cubic spline plot model. The adjusted restricted cubic spline plot model shows an association between PhenoAgeAccel and LE8 among all 
participants. The model was adjusted for age, gender, race, poverty to income ratio, education level, BMI, marital status, smoke status, alcohol status, 
diabetes, hypertension, and hyperlipidemia. The blue solid line and the blue shaded area represent the estimated regression coefficient Beta and its 
95% confidence interval.
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potentially associating these periodic dynamic changes in blood 
pressure with biological aging. Research by Xiao et  al. (57) 
disclosed that higher systolic and pulse pressures are related to 
accelerated epigenetic aging. Dintica et  al. (58) proposed that 
elevated blood pressure during middle age associates with 
premature brain aging. Omboni et al. (59) documented alterations 
in blood pressure patterns with aging, including increased 
variability and prevalence of hypertension. Farron et  al. (60) 
stressed that higher systolic and lower diastolic pressures 
independently correlate with poorer cognitive function in older 
individuals. These studies spotlight the crucial role of blood 
pressure management in the aging process and biological aging, 
and its impact on various aspects of health. Blood glucose levels 
have consistently been a focal point in aging research. Bahour et al. 
(61) found that individuals with type 2 diabetes have a higher 
physiological age compared to those without the disease. Selvin 
et  al. (62) observed considerable variations in blood glucose 
patterns among older adults without diabetes, including lower 
readings. Research by Sorlí et  al. (63) noticed age-dependent 
relationships between genetic variations associated with fasting 
glucose and actual age. Edqvist et al. (64) reported higher levels of 
HbA1c throughout adulthood in individuals diagnosed with type 
1 diabetes at a younger age. These studies hint that blood glucose 
levels may be  related to phenotypic age, suggesting a potential 
connection between blood glucose control and the aging process 
(65). Blood lipid levels dynamically change as age advances, 

playing a critical role in regulating aging and lifespan through lipid 
metabolism and signaling pathways. Lefèvre-Arbogast et al. (66) 
associated specific lipids involved in membrane fluidity and myelin 
formation with subsequent cognitive decline in older individuals. 
Research by Cesare et  al. (67) detailed the variations in blood 
metabolites and lipid concentrations, correlatives, and ratios with 
age, indicating the remodeling of lipid metabolism with aging. 
Slade et al. (68) identified age and gender correlations with various 
lipid species, subclasses, and categories, emphasizing the potential 
utilization of lipid phenotypes as biomarkers reflecting age-related 
changes in lipids and cardiovascular risks. Mutlu et  al. (65) 
delineated the pivotal role of lipids in governing aging and lifespan, 
underlining the connections between lipid metabolism, signaling, 
and lifespan regulation. These studies collaboratively emphasize 
the vital role of lipids in aging and lifespan control, alongside their 
potential as biomarkers, highlighting the significance of lipid 
metabolism and signaling pathways in aging and lifespan 
regulation. In conclusion, the aforementioned research grounds on 
the nine constituent factors in LE8, inclusive of four health 
behaviors (diet, physical exercise, nicotine exposure, and sleep) 
and four health factors (BMI, blood pressure, blood glucose, and 
blood lipids) linked to aging, furnishes further theoretical backing 
and data support for this study. It accentuates the central roles of 
various lifestyle and health factors in the aging process.

This study leveraged the NHANES data from 2007 to 2010 to 
explore the potential relationship between LE8 and PhenoAgeAccel 

FIGURE 3

Restricted cubic spline plot model (Male). The adjusted restricted cubic spline plot model shows an association between PhenoAgeAccel and LE8 
among all participants. The model was adjusted for age, race, poverty to income ratio, education level, BMI, marital status, smoke status, alcohol status, 
diabetes, hypertension, and hyperlipidemia. The blue solid line and the blue shaded area represent the estimated regression coefficient Beta and its 
95% confidence interval.

236

https://doi.org/10.3389/fpubh.2024.1295477
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Wu et al. 10.3389/fpubh.2024.1295477

Frontiers in Public Health 11 frontiersin.org

in depth. The findings underscored the central role of healthy 
lifestyles and favorable physiological indicators in slowing down the 
aging process. This not only provides a scientific basis for formulating 
more targeted health policies and intervention measures but also 
paves new pathways for public health education, facilitating a deeper 
understanding and awareness of LE8 among the public, guiding them 
toward healthier lifestyles. However, the study had several limitations: 
(1) The study utilized NHANES data, characterized by a cross-
sectional study design, which cannot establish causality between LE8 
and PhenoAgeAccel, only reflecting their correlation. Therefore, the 
results cannot exclude the influence of other potential confounding 
or mediating factors, making it unable to infer the long-term impact 
of LE8 on PhenoAgeAccel accurately. To verify the causal mechanism 
between the two, it is necessary to carry out more randomized 
controlled trials or longitudinal cohort studies. (2) Cross-sectional 
studies often rely on self-reported data, possibly introducing memory 
and reporting biases. In this study, some components of LE8 (such as 
diet and physical exercise) might be affected by these biases. (3) As 
the study relied on existing data from the database, we could not 
control all variables potentially affecting the outcomes, meaning that 
there might be  the presence of confounding variables, possibly 
influencing our understanding of the relationship between LE8 and 
PhenoAgeAccel. (4) The study used NHANES data, a survey based 
on a representative sample of non-institutionalized residents in the 
United States. However, the United States population is diverse and 
heterogeneous, and factors like different races, regions, cultures, and 

lifestyles might affect the relationship between LE8 and 
PhenoAgeAccel. Hence, the results cannot be directly generalized to 
the populations of other countries or regions, necessitating more 
cross-national or cross-regional comparative studies.

Despite these limitations, this study still lays an essential 
foundation, offering directions for future research. It emphasizes the 
significance of healthy lifestyles and good physiological indicators in 
slowing down the aging process, offering valuable insights for public 
health policies and education. Through further research, we can better 
understand the relationship between LE8 and PhenoAgeAccel and 
how to leverage this understanding to formulate more effective health 
policies and intervention measures.

Conclusion

This study, based on NHANES data from 2007 to 2010, has 
revealed a significant negative correlation between LE8 and 
PhenoAgeAccel, emphasizing the importance of maintaining a healthy 
lifestyle in slowing down the biological aging process. Despite the 
limitations posed by the study’s design and geographical constraints, 
these findings provide a scientific basis for the development of public 
health policies focused on healthy lifestyle practices. Future research 
should further investigate the causal mechanisms underlying the 
relationship between LE8 and PhenoAgeAccel and consider cross-
cultural comparisons to enhance our understanding of healthy aging.

FIGURE 4

Restricted cubic spline plot model (Female). The adjusted restricted cubic spline plot model shows an association between PhenoAgeAccel and LE8 
among all participants. The model was adjusted for age, race, poverty to income ratio, education level, BMI, marital status, smoke status, alcohol status, 
diabetes, hypertension, and hyperlipidemia. The blue solid line and the blue shaded area represent the estimated regression coefficient Beta and its 
95% confidence interval.
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TABLE 4 Adjusted for age, gender, race, poverty to income ratio, education level, BMI, marital status, smoke status, alcohol status, diabetes, 
hypertension, and hyperlipidemia.

Q1 Q2 p Q3 p Q4 p p for 
trend

p for 
interaction

Gender 0.15

  Female ref −2.45 (−3.58, −1.33) 0.003 −2.74 (−4.24, −1.25) 0.01 −3.57 (−5.06, −2.08) 0.002 0.001

  Male ref −1.15 (−2.07, −0.23) 0.02 −1.7 (−2.62, −0.78) 0.01 −2.41 (−3.46, −1.35) 0.002 <0.001

Age 0.61

  20–29 ref −0.99 (−2.82, 0.83) 0.24 −1.65 (−2.67, −0.62) 0.01 −2.36 (−3.75, −0.97) 0.004 0.01

  30–39 ref −0.93 (−1.90, 0.04) 0.06 −1.42 (−2.77, −0.07) 0.04 −2 (−3.53, −0.47) 0.02 0.02

  40–49 ref −2.59 (−4.22, −0.95) 0.01 −2.44 (−4.12, −0.77) 0.01 −4.04 (−5.74, −2.34) <0.001 <0.001

  50–59 ref −1.82 (−3.08, −0.56) 0.01 −2.05 (−3.67, −0.44) 0.02 −2.66 (−4.43, −0.89) 0.01 0.01

  ≥60 ref −1.69 (−2.77, −0.61) 0.01 −2.45 (−3.55, −1.36) <0.001 −2.73 (−4.30, −1.17) 0.004 0.002

Race 0.12

  Non-Hispanic 

Black
ref −2.76 (−5.48, −0.04) 0.05 −2.79 (−5.76, 0.19) 0.06 −4.28 (−7.46, −1.09) 0.02 0.01

  Mexican 

American
ref −1.11 (−2.46, 0.25) 0.09 −1.09 (−2.72, 0.54) 0.15 −2.49 (−4.07, −0.91) 0.01 0.01

  Non-Hispanic 

White
ref −1.76 (−2.56, −0.96) 0.002 −2.04 (−2.93, −1.15) 0.001 −2.62 (−3.78, −1.46) 0.001 0.001

  Other race ref −0.27 (−2.23, 1.69) 0.75 −1.72 (−3.45, 0.01) 0.05 −3 (−5.41, −0.59) 0.02 0.02

Body mass index 0.03

  <25 ref −0.85 (−3.75, 2.05) 0.5 −2.35 (−4.81, 0.11) 0.06 −2.97 (−5.49, −0.44) 0.03 0.01

  25–29.9 ref −2.84 (−3.97, −1.70) <0.001 −2.44 (−3.75, −1.12) 0.004 −3.03 (−4.69, −1.37) 0.004 0.01

  ≥30 ref −1.5 (−2.44, −0.55) 0.01 −1.99 (−2.92, −1.07) 0.002 −2.65 (−3.77, −1.53) 0.001 <0.001

Education level 0.24

  Above ref −1.96 (−2.95, −0.97) 0.003 −2.08 (−3.03, −1.13) 0.002 −2.61 (−3.69, −1.53) 0.001 <0.001

  High school ref −2.37 (−3.16, −1.58) <0.001 −2.34 (−3.54, −1.14) 0.003 −3.77 (−5.23, −2.31) <0.001 <0.001

  Below ref −0.94 (−2.79, 0.91) 0.26 −1.98 (−4.27, 0.31) 0.08 −2.97 (−5.35, −0.58) 0.02 0.02

Marital status 0.22

  Married/living 

with partner
ref −2.31 (−3.34, −1.27) 0.002 −2.12 (−3.28, −0.96) 0.004 −2.91 (−4.14, −1.69) 0.001 0.001

  Never married ref −0.75 (−2.56, 1.05) 0.35 −2.44 (−3.87, −1.00) 0.01 −3 (−4.78, −1.22) 0.01 0.01

  Widowed/

Divorced/

Separated

ref −0.88 (−2.52, 0.77) 0.24 −1.91 (−4.01, 0.19) 0.07 −2.9 (−5.24, −0.56) 0.02 0.02

Poverty to income 

ratio

0.19

  <1.3 ref −1.58 (−3.15, −0.02) 0.05 −2.13 (−3.45, −0.80) 0.01 −3.57 (−5.46, −1.68) 0.004 0.002

  1.3–3.49 ref −1.64 (−2.69, −0.59) 0.01 −1.98 (−3.21, −0.75) 0.01 −2.43 (−3.98, −0.88) 0.01 0.01

  ≥3.5 ref −1.89 (−3.02, −0.75) 0.01 −2.14 (−3.16, −1.13) 0.002 −2.98 (−4.29, −1.68) 0.001 <0.001

Smoke status 0.16

  Former smoker ref −2.56 (−3.86, −1.25) 0.003 −2.42 (−4.11, −0.72) 0.01 −3.75 (−5.51, −1.98) 0.002 0.003

  Nonsmoker ref −2 (−2.93, −1.07) 0.002 −2.49 (−3.16, −1.81) <0.001 −2.93 (−3.87, −2.00) <0.001 <0.001

  Current smoker ref −0.8 (−2.20, 0.60) 0.21 −1.18 (−2.70, 0.34) 0.11 −2.52 (−4.19, −0.86) 0.01 0.03

Alcohol status 0.34

  Former ref −2.33 (−4.26, −0.40) 0.02 −2.59 (−4.58, −0.61) 0.02 −4.04 (−6.51, −1.58) 0.01 0.01

  Never ref −1.85 (−3.68, −0.02) 0.05 −2.7 (−4.92, −0.48) 0.02 −3.58 (−5.62, −1.54) 0.004 0.003

(Continued)
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Aging is characterized by substantial changes in sleep architecture that 
negatively impact fitness, quality of life, mood, and cognitive functioning. Older 
adults often fail to reach the recommended level of physical activity to prevent 
the age-related decline in sleep function, partly because of geographical 
barriers. Implementing home-based interventions could surmount these 
obstacles, thereby encouraging older adults to stay active, with videoconference 
administration emerging as a promising solution. Increasing the availability of 
biological rhythms synchronizers, such as physical activity, light exposure, or 
vestibular stimulation, represents a viable non-pharmacological strategy for 
entraining circadian rhythms and potentially fortifying the sleep–wake cycle, 
thereby enhancing sleep in aging. This study aims to (1) assess the impact of 
remote physical exercise training and its combination with bright light exposure, 
and (2) investigate the specific contribution of galvanic vestibular stimulation, to 
sleep quality among healthy older adults with sleep complaints. One hundred 
healthy older adults aged 60–70  years with sleep complaints will be randomly 
allocated to one of four groups: a physical exercise training group (n  =  25), a 
physical exercise training combined with bright light exposure group (n  =  25), 
a galvanic vestibular stimulation group (n  =  25) or a control group (i.e., health 
education) (n  =  25). While physical exercise training and health education will 
be  supervised via videoconference at home, bright light exposure (for the 
physical exercise training combined with bright light exposure group) and 
vestibular stimulation will be self-administered at home. Pre-and post-tests will 
be conducted to evaluate various parameters, including sleep (polysomnography, 
subjective questionnaires), circadian rhythms (actigraphy, temperature), fitness 
(physical: VO2 peak, muscular function; and motor: balance, and functional 
mobility), cognition (executive function, long-term memory), quality of life 
and mood (anxiety and depression). The findings will be anticipated to inform 
the development of recommendations and non-pharmaceutical preventive 
strategies for enhancing sleep quality in older adults, potentially leading to 
improvements in fitness, cognition, quality of life, and mood throughout aging.

KEYWORDS

aging, physical exercise training, bright light exposure, galvanic vestibular stimulation, 
home-based intervention, polysomnography, sleep complaints, web-based

OPEN ACCESS

EDITED BY

Radenko M. Matic,  
University of Novi Sad, Serbia

REVIEWED BY

Antonia Kaltsatou,  
University of Thessaly, Greece
Nemanja Lakicevic,  
University of Palermo, Italy

*CORRESPONDENCE

Gaëlle Quarck  
 gaelle.quarck@unicaen.fr

†These authors share last authorship

RECEIVED 23 October 2023
ACCEPTED 19 March 2024
PUBLISHED 15 April 2024

CITATION

Milot E, Rehel S, Langeard A, Bigot L, 
Pasquier F, Matveeff L, Gauthier A, 
Bessot N and Quarck G (2024) Effectiveness 
of multi-modal home-based videoconference 
interventions on sleep in older adults: study 
protocol for a randomized controlled trial.
Front. Public Health 12:1326412.
doi: 10.3389/fpubh.2024.1326412

COPYRIGHT

© 2024 Milot, Rehel, Langeard, Bigot, 
Pasquier, Matveeff, Gauthier, Bessot and 
Quarck. This is an open-access article 
distributed under the terms of the Creative 
Commons Attribution License (CC BY). The 
use, distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted 
which does not comply with these terms.

TYPE Study Protocol
PUBLISHED 15 April 2024
DOI 10.3389/fpubh.2024.1326412

242

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2024.1326412%EF%BB%BF&domain=pdf&date_stamp=2024-04-15
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1326412/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1326412/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1326412/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1326412/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1326412/full
mailto:gaelle.quarck@unicaen.fr
https://doi.org/10.3389/fpubh.2024.1326412
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2024.1326412


Milot et al. 10.3389/fpubh.2024.1326412

Frontiers in Public Health 02 frontiersin.org

1 Introduction

Aging induces changes in various physiological functions, 
including shifts in sleep patterns (1–3). Older adults often report 
difficulties in falling and staying asleep, spending increased time 
awake during the night, and experiencing daytime sleepiness (3–5). 
The decline in sleep quality with age also significantly impacts the 
quality of life (QoL), defined as “the degree of need and satisfaction 
within the physical, psychological, social, and environmental 
domains” (6). Evidence indicates that impaired sleep quality is closely 
associated with adverse effects on physical and psychological well-
being, as well as limitations in daily activities and cognitive functions 
(7). Thus, enhancing sleep quality in older adults becomes a crucial 
objective for maintaining QoL.

The sleep/wake cycle is influenced by both endogenous and 
exogenous components. The endogenous component corresponds to 
our central biological clock, located in the suprachiasmatic nuclei of 
the hypothalamus (8, 9). This autonomous system ensures the genesis, 
maintenance, and control of biological rhythms, such as body 
temperature or cortisol levels, which are involved in glucose 
homeostasis. The exogenous component refers to the external 
synchronizers in our environment that contribute to entraining 
biological rhythms over a given period. Synchronizers can either 
modify the phases (phase shifts) or synchronize the circadian rhythms 
(10). In humans, the most powerful synchronizer for the biological 
clock is the 24-h light/dark cycle (11, 12). The impact of light on the 
circadian clock depends on the timing of light exposure: early 
morning light exposure advances the clock, while evening and night 
light exposure delays it (13, 14). Previous studies have demonstrated 
that bright light exposure helps synchronize circadian rhythms and 
improve QoL, sleep, and cognitive parameters (15–17). Another 
non-photic synchronizer identified in the literature is physical activity 
(18, 19). Previous studies have reported that physical exercise training 
in individuals over 60 years helps synchronize endogenous circadian 
rhythms, supporting the idea that non-photic stimuli also act as 
synchronizers for the human circadian clock (20). Additionally, 
exercise has been associated with reductions in daytime sleepiness and 
improvements in sleep quality (21, 22). Exercise has also been shown 
to reduce the use of hypnotics in this population, which is significant 
given the adverse side effects of these drugs on cognition, executive 
function, and mobility (23, 24). Additionally, maintaining moderate 
physical activity for 25–65 min per day can eliminate the risk of 
mortality associated with sleep disorders (25). However, the timing of 
exercise can be  crucial for enhancing sleep quality, yet a limited 
number of studies on this subject involving older adults have been 
conducted (26). Acute exercise in the morning has been shown to 
improve nocturnal sleep quality in older adults with difficulty 
initiating sleep, as assessed with polysomnography (27), while acute 
vigorous exercise ending ≤1 h before bedtime affects sleep quality and 
awakenings compared to a control group (no exercise) (26). To our 
knowledge, only one study has investigated the effects of chronic 
exercise in the morning or evening (for 14 days) in older adults using 
polysomnography, and it reported no objective changes in sleep (28). 
Finally, exercise in older adults is also of interest because of its 
numerous positive effects on QoL, physical condition, and cognition 
(29–32). While bright light exposure and exercise are essential for the 
synchronization of circadian rhythms and significantly contribute to 

overall sleep quality, the effects of combined light and exercise 
exposures on sleep quality are not yet well known.

Unfortunately, one in three older adults fails to meet the 
recommended levels of physical activity (33), resulting in missed 
health benefits (33). Giné-Garriga et  al. (34) showed that older 
adults allocate 78.8% of their waking time to sedentary behavior, 
18.6% to light-intensity physical activities, and only 2.6% to 
moderate-to-vigorous physical activities. Seniors often cite barriers 
such as the cost of sports sessions or the distance between home and 
sports facilities (35, 36). Home-based remote supervised 
interventions could overcome these limitations and improve overall 
health (37–39). Videoconferencing technology can facilitate 
interactions between the participants and the physical trainers, 
providing a pragmatic alternative to face-to-face home visits by 
physical trainers (37–39). Several studies have demonstrated that 
digital platforms exhibit high rates of adherence, compliance, and 
satisfaction among older participants (37, 40). Additionally, 
videoconferencing has been shown to achieve the same benefits as 
face-to-face programs (41), making it an optimal solution. To our 
knowledge, this study is the first to evaluate the effects of various 
home-based interventions using videoconference and a digital 
monitoring platform on sleep quality in healthy older adults with 
sleep complaints.

All motor activities require the integration of sensory information. 
During exercise, the brain continuously processes sensory input to 
maintain balance, head position, and spatial orientation. This sensory 
information is handled by the vestibular system, located within the 
inner ear. Recent studies conducted in both animals and humans have 
suggested a link between the vestibular system and circadian rhythms 
(42, 43), suggesting that vestibular stimulation could serve as a 
synchronizer with potential positive impacts on sleep. Only a few 
studies have investigated the effects of vestibular stimulation on sleep. 
These studies have used vestibular stimulations induced by rocking 
movements or galvanic currents (i.e., a non-invasive method that 
stimulates the vestibular nerve using a direct low-intensity electrical 
current) (44–46). Polysomnography, a gold standard method (47), was 
used to record sleep in these studies. Research on rocking movements 
demonstrated improvements in sleep/wake transitions and alterations 
in electroencephalographic activity during nights or naps experienced 
on a moving bed compared to a stationary one (44, 45). Only one 
study, employing a specific model involving an advance in bedtime by 
4 h, has explored the effects of galvanic vestibular stimulation on sleep 
in a specific population (insomniacs), which revealed a reduction in 
persistent sleep latency (46). However, the effects of galvanic vestibular 
stimulation on the sleep of older adults under ecological conditions 
(without phase advance) remain to be evaluated. Galvanic vestibular 
stimulation emerges as an innovative and easily administered 
technique, presenting an interesting prospect for resynchronizing 
circadian rhythms and improving sleep.

The aims of this study are (1) to evaluate the effects of remote 
physical exercise training and the combined effects of remote physical 
exercise training and bright light exposure on sleep quality in healthy 
older adults with sleep complaints, and (2) to study the specific 
contribution of galvanic vestibular stimulation on sleep quality in the 
same population. By reinforcing circadian rhythms, the various 
interventions should improve sleep quality, physical and motor fitness, 
cognition, and, consequently QoL.
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2 Materials and methods

2.1 Study design

The study is a randomized controlled trial with four parallel 
groups: a Physical Exercise Training group (PET), a PET combined 
with Bright Light Exposure group (PET + BLE), a Galvanic Vestibular 
Stimulation group (GVS), and a control group [Health Education 
(HE)]. All participants will be provided written informed consent 
before their inclusion. The protocol has been approved by the local 
ethical committee (Comité de Protection des Personnes, CPP Nord 
Ouest III, Caen) in compliance with French regulations (trial 
registration number: IDRCB: 20206A01578-31). The researchers will 
provide participants with detailed written and oral information about 
the trial, ensuring voluntary participation and emphasizing that 
participants may withdraw at any time.

2.2 Participant

Participants will be recruited through advertisements in the local 
newspapers and media reports. One hundred healthy retired 
participants, both male and female, aged between 60 and 70 years and 
independently living in Normandy, will be enrolled. Exclusion criteria 
will include: not having computing equipment (computer, web 
connection and webcam), signs of cognitive impairment reflected by 
a Mini-Mental State Examination (MMSE) score below 26/30 (48), no 
sleep complaint reflected by a Pittsburgh Sleep Quality Index (PSQI) 
score > 5 (49), extreme circadian typology reflected by the 
Morningness-Eveningness Questionnaire (MEQ) (50) score below 31 
or above 69, uncontrolled psychiatric, vestibular, neurologic, 
endocrine or cardiovascular affections, uncorrected hearing and/or 
visual impairment, psychotropic or bradicardizing medical treatments, 
alcohol, drug or caffeine abuse, and recent hospitalization (<30 days), 
all to be assessed by medical evaluations and screenings. Participants 
ranking moderately or highly active according to the International 
Physical Activity Questionnaires (IPAQ) (51) will be excluded. The 
ability to engage in moderate to vigorous physical activity will 
be assessed by a medical examination and cardiac screening during a 
maximal incremental test (VO2 peak) on a cycle-ergometer (detailed 
below), supervised by cardiologists at the sports medicine department 
of the local hospital of CHU in Caen. Complete inclusion and 
exclusion criteria are listed in Table  1. Eligible participants will 
be allocated to one of four groups using simple randomization from a 
computer-generated numbered sequence with 25 blocks of 4, to 
be conducted by researchers. Participants will be assigned a number 
in the order of their registration inclusion in the study.

2.3 Assessments

Inclusion and randomization will occur at the baseline assessment 
(visit 1) and will involve the completion of pre-inclusion 
questionnaires. A pre-intervention visit will take place before the start 
of the intervention (visit 2) and a 12-week follow-up assessment will 
occur at the end of the 12-week intervention (visit 3) (Figure 1A). A 
final assessment will be performed after completion of the 14-week 
intervention, but only for control and GVS groups (visit 4) (Figure 1B). 

According to the literature, a typical GVS protocol is short and does 
not exceed 2 weeks (52). Therefore, the GVS protocol will be shorter 
than PET and BLE interventions to ensure participant feasibility and 
acceptability. The two weeks of vestibular stimulation will be scheduled 
after the 12-week follow-up to ensure consistent design (Figure 1B). 
The control group will be compared to the PET and PET + BLE group, 
but also to the GVS group.

Sleep, circadian rhythms, physical and motor fitness, 
cognitive, QoL, and mood measurements will be assessed during 
visits 2, 3, and 4, by researchers in our laboratory. The VO2 peak 
test will be performed during visits 2 and 3 only for PET, PET + 
BLE, and control groups (not for the GVS group, which will not 
engage in physical exercise) and will allow the exclusion of 
participants with cardiac disorders. These tests will be conducted 
by cardiologists at the sports medicine departments of the local 
hospital of CHU in Caen. The content of all assessments is 
described in Figure 1.

2.3.1 Sleep assessment
Participants will undergo a polysomnography (PSG) recording at 

home using a portable device (Embletta® MPR Sleep System, 
NATUS, Orlando, United States). Ten electrodes will be placed over 
the scalp according to the international 10–20 system: frontal (F3 | 
F4), central (C3 | C4 | Cz), occipital (O1 | O2), ground (Cz | Fz), and 
a bi-mastoid reference (A1 | A2), with impedance kept below 15 
kΩ. This montage will also include an electrooculogram (EOG), an 
electrocardiogram (ECG), and a chin electromyogram (EMG). 
Respiratory movements, airflow, and oxygen saturation will 
be  recorded with abdominal and thoracic belts, nasal and oral 
thermistors, and finger pulse oximetry. The Electroencephalogram 
(EEG) signal will be digitized at a sampling rate of 256 Hz. High-pass 
and low-pass filters will be applied, respectively, at 0.3 Hz and 35 Hz. 
PSG recordings will be manually scored in 30-s epochs following the 
recommended standard criteria of the American Academy of Sleep 
Medicine (53) using RemLogic software. Sleep analyses will 
be conducted to calculate standard sleep parameters, including total 
sleep time (TST, min), sleep onset latency (SOL, min), wake after 
sleep onset (WASO, min), sleep efficiency (SE, %), percentage of time 
spent in each sleep stage (S1, S2, Slow-Wave Sleep, and Rapid-Eye 
Movement sleep, %), and apnea-hypopnea index (AHI). Sleep apnea 
will be defined by a ≥ 90% drop of nasal pressure for at least 10 s, 

TABLE 1 Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Participant ≥60 ≤ 70 y.o

Retired for ≥12 months

Good health condition

Living in Normandy

Sedentary behavior

Sleep complaints reflected by a PSQI 

score > 5

Computing equipment

Satisfactory cardiac screening

Cognition <26/30 on the MMSE

IPAQ = moderately and highly active

Circadian typology = extreme chronotype

Sign of cognitive impairment

Uncontrolled psychiatric, vestibular, 

neurologic, endocrine or cardiovascular 

affections

Uncorrected hearing and/or visual 

impairment

Psychotropic or bradicardizing medical 

treatments

Recent hospitalization (<30 days)

Alcohol, drug or caffeine abuse
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whereas sleep hypopnea will be characterized by a ≥ 30% drop of 
nasal pressure for a minimum of 10 s, associated with an arousal or 
an oxygen desaturation of ≥3% (53).

Sleep quality and quantity will be evaluated using validated self-
report questionnaires. Sleep quality and disturbances over the last 
month will be evaluated using the Pittsburgh Sleep Quality Index 

FIGURE 1

Participant’s flow chart. (A) The first part of participant’s flow chart: PET and PET+BLE interventions; (B) the second part of participant’s flow chart: GVS 
intervention. PET, Physical Exercise Training; BLE, Bright Light Exposure; HE, Health Education; GVS, Galvanic Vestibular Stimulation.
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(PSQI) (49) through different parameters, including work, sleep 
habits, sleep disturbances, subjective sleep quality, the use of sleep 
medication, and trouble staying awake during the day. Daytime 
sleepiness will be assessed using the Epworth Sleepiness Scale (ESS) 
(54) and insomnia over the last month will be  assessed with the 
Insomnia Severity Index (ISI) (55). Participants will complete a sleep 
diary to subjectively assess sleep quality and duration, including hours 
of bedtime, sleep quality, number, and duration of nocturnal 
awakenings and naps.

2.3.2 Circadian rhythms assessments
The sleep–wake cycle and body temperature, both strong circadian 

markers, will be  evaluated using actigraphy and tympanic 
temperature measures.

The sleep–wake cycle will be continuously recorded over a 7-day 
using the Motion Watch 8 wrist-worn triaxial actigraph (CamNTech 
Ltd., Cambridge, United Kingdom). It is a highly reliable tool that has 
been validated for older adults (56, 57) and in the participant’s home 
living conditions (58). The Motion Watch Motion Ware software 
(Cambridge Neurotechnology Ltd., Cambridge England) combined 
with this actigraph will provide measures of TST (min) SOL (min); 
WASO (min); SE (%); sleep fragmentation index (SFI); and 
non-parametric circadian rhythm analysis [average of the Least active 
5-h periods (L5, counts); average of the most active 10-h periods 
(M10, counts); Inter-daily Stability (IS); Intra-daily stability (IV); and 
Relative Amplitude (RA)].

Tympanic body temperature will be measured using a clinical 
thermometer (Braun ThermoScan® 3). The temperature (in degrees 
Celsius °C) will be recorded over a 1 day, during the actigraphy period, 
with two readings for the right ear and two readings for the left ear. 
Participants will take 7 temperature readings over 24 h (6:00  am, 
9:00 am, 12:00 pm, 3:00 pm, 6:00 pm, 9:00 pm, 12:00 am). Before each 
tympanic temperature measurement, participants will start with a 
15-min rest on their back, without eating or drinking (59).

2.3.3 Physical fitness assessment
Muscular strength and cardiovascular capacities will be tested to 

assess physical fitness.
The evaluation of maximal hand grip strength will be recorded 

using a hand dynamometer (Takei A5401 Hand Grip Dynamometer 
Digital, Takei Scientific Instruments Co., Japan). Three successive 
measurements will be collected in a standardized position: participants 
will be  seated on a chair without armrests, clenching their hands 
around a dynamometric handle. Their hand will rest on their leg to 
relax their shoulders and avoid elbow movements. The force developed 
in isometry by the gripping force of the hand will be  recorded 
in kilograms.

The evaluation of maximal leg extension power will be recorded 
using the Nottingham Power Rig (Medical Engineering Unit, 
University of Nottingham Medical School, Nottingham, 
United Kingdom), specifically designed for older adults (60). Eight 
successive measurements will be collected in a standardized position 
for the right leg only. Participants will adopt a seated position with 
arms bent over the torso and will perform a maximal foot push to a 
large foot pedal. The power developed at the maximal speed of the 
flywheel after the pedal push, measured in watts, is recorded (60).

Peak Oxygen uptake (VO2 peak) will be measured with a maximal 
incremental test on a bicycle ergometer (eBIKE COMFORT, General 

Electric HealthCare) under medical supervision. Participants will 
follow a 3-min warm-up at 30 watts and will be instructed to pedal for 
as long as possible while the load will increase by 20 watts every 2 min. 
Developed power, and O2 and CO2 flow rates will be recorded before 
the test (resting values), at each level (relative values), until the end of 
the test (maximal values), and during the following 3 min of passive 
recovery (recovery values). Heart rate (HR) and electrocardiogram 
will be continuously recorded to track possible cardiac irregularities 
and stop the protocol if necessary. Criteria for reaching a VO2 peak 
(61) will include achieving a plateau in heart rate and VO2 recordings, 
inability to follow the imposed pedaling velocity, or reaching a given 
resistance. The main recorded parameters will include maximum 
oxygen uptake (mL/min/kg), maximum aerobic power (W), 
maximum HR (bpm), and respiratory quotient measured during 
the test.

2.3.4 Motor fitness assessment
Motor fitness will be  assessed through tests of balance and 

functional mobility.
Postural static balance will be assessed using a standard static 

force platform (SPS system, Synapsys, Marseille, France), with 
dimensions of 50 × 50 × 17.5 cm. After removing their shoes, 
participants will be required to place their feet apart, forming an angle 
of 30°, in the middle of the platform. Two trials with eyes open (EO) 
and two trials with eyes closed (EC), each lasting 30 s, will 
be performed in a static position. For each condition, the sway area 
(mm2) and the Standard Deviation (mm) of the sway of the center of 
pressure will be analyzed along the Medial-Lateral (ML) and Anterior–
Posterior (AP) axes. The Romberg quotient (RQ) will be calculated to 
evaluate the role of visual information in static balance, representing 
the ratio between the surface parameter of the center of pressure with 
EC to the one measured with the eyes open EO. Also, the maximal 
limit of the stability test will be  recorded without time limitation 
(mm2). In this test, participants, with their eyes open, will swing as far 
as possible in all directions while keeping their bodies straight and 
without moving their feet or falling. The researcher will stop the test 
when the participant no longer improves their limits of stability.

Functional mobility will be assessed using the Timed Up and Go 
(TUG) test (62, 63). The performance time will start when the 
participant will begin to move to stand up and will end when the 
participant will sit down again. The participant will start by sitting on 
a chair with their feet on the floor and hands on their legs. At the “go” 
signal, they will stand up, walk 3 meters, turn around a cone, walk 
back, and sit down again. Two trials at a self-paced speed and two as 
fast as possible will be performed and measured in seconds.

2.3.5 Cognitive assessment
Cognitive executive functions will be evaluated using tests from 

the GREFEX battery (64). Inhibition will be assessed using the Stroop 
Color-Word Interference test (65). Mental flexibility will be assessed 
using the Trail Making Test (TMT) (52). The dual-task performance 
will be assessed using Baddeley’s dual task (66). Long-term memory 
will be assessed with a computerized task based on the memory game 
principle (67). This task, adapted from Rasch et al. (67), will evaluate 
the consolidation of visuospatial learning during sleep and will involve 
memorizing 12 pairs of cards. Learning will be considered achieved 
when 67% of the responses will be correct (a total of 8 pairs out of 12). 
A recall will be  proposed the next morning after the night’s 
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polysomnography. The number of pairs of cards correctly retrieved 
after learning and after the night’s sleep will be collected to calculate a 
rate of improvement or forgetfulness during the night.

2.3.6 Quality of life and mood assessment
QoL will be evaluated using the SF-36 Health Survey (68), which 

is based on eight physical and mental health domains: physical 
function, role-physical, bodily pain, general health perceptions, 
vitality, social functioning, role-emotional, and mental health. The 
Global Physical Activity Questionnaire (GPAQ) will evaluate 
participants’ physical activity through different behavioral domains, 
including work, transport, and leisure (69).

Mood symptoms, including anxiety and depression, will 
be  assessed using the State–trait Anxiety Inventory (STAI state 
subscale and STAI trait subscale) (70), Visual Analog-Anxiety Scale 
(VAS) (71), and Geriatric Depression Scale (GDS) (72, 73).

2.4 Interventions

PET and HE interventions will be delivered via videoconferencing 
using a secure web-based platform named SAPATIC (Santé Activités 
Physiques Adaptées utilisant les Technologies de l’Information et de 
la Communication developed by Mooven, Montpellier, France). BLE 
and GVS interventions will involve remote monitoring using a 
web-based platform. All participants will be able to connect to the 
platform at home and will have access to the planning and follow-up 
of their interventions. All participants’ data will be  hosted on an 
authorized health data host.

2.4.1 Physical exercise training (PET)
PET, designed according to the World Health Organization 

(WHO) and the American College of Sports Medicine (ACSM) 
guidelines (74), will be  supervised by qualified physical trainers. 
Participants will follow a 12-week home-based physical exercise 
training intervention with the objectives of improving muscular 
function and aerobic capacity and maintaining autonomy. The 
intervention will consist of two 60-min aerobic sessions per week via 
videoconferencing (with real-time coaching) and one 60-min self-
guided strength training session per week (without real-time 
coaching), totaling 36 sessions. PET sessions will be scheduled in the 
early afternoon. Participants will be provided with a step bench for 
performing different exercises before starting the physical exercise 
training intervention. Heart rate monitoring (OnRythm 500®) will 
also be provided to each participant to monitor the intensity level of 
physical effort. The target heart rate will increase over the weeks, 
starting at 60% of their reserve heart rate (determined during the VO2 
peak test) and reaching 75% at the end of the intervention. Perceived 
pain, fatigue, and well-being (visual analog scales) will be evaluated at 
each session (videoconferencing and self-guided sessions) before, 
during, and after sessions. Perceived exertion (Borg rating) will 
be  evaluated after each session. This information will enable the 
professional to ensure that the work is performed at the targeted 
intensity while adapting to the participant’s tolerance.

The two collective videoconferencing sessions per week will 
consist of aerobic exercises (i.e., run/walk on the spot, jumping jacks, 
step, or dance). Each 60-min PET session will consist of a verbal 
contact sequence, warm-up exercises (5–10 min), aerobic exercises 

(40 min), a cool-down period (5–10 min), and finally, a verbal 
feedback sequence. The number of repetitions and exercise difficulty 
will gradually increase during the sessions, modulated according to 
the participant’s capacities at the time of the exercises. The physical 
trainer will progressively increase activity difficulty in duration, then 
frequency, and ultimately intensity only if the participant tolerates 
previous increases. The sessions will be  limited to 5 participants, 
enabling the physical trainer to adapt the exercises to each individual.

The self-guided sessions will focus on resistance exercises to 
increase arm, leg, and whole-body muscle strength (i.e., series of 
ventral/back/side plank, wall sit, pumps, lunges, squats, or front/side 
raises). Participants will receive a booklet containing detailed 
instructions for each exercise. Core training sessions will last 40 min, 
with the remaining 10–15 min equally allocated to warm-up and cool-
down. The booklet will provide variations for each exercise to 
increase difficulty.

2.4.2 PET combined with bright light exposure 
(BLE)

Participants in the BLE group will receive the same remote 
exercise training intervention as the PET group. The PET intervention 
will be supplemented with 12 weeks of bright light exposure sessions 
at home. Each participant will be  provided with a light lamp 
(DAYVIA® 072, France) and will be instructed to self-administer light 
sessions 5 days a week (from Monday to Friday) for 1 h in the morning 
(between 8:00 am and 10:00 am). During the sessions, participants will 
face the 10,000-lux light box at a distance of 50 cm and 45° from the 
eyes, avoiding direct staring to minimize discomfort. The intervention 
will be  remotely monitored on the SAPATIC digital platform, in 
specific: exposure days, exposure time, and remarks filled in by 
the participants.

2.4.3 Galvanic vestibular stimulation (GVS)
Galvanic Vestibular Stimulation (GVS) is a non-invasive method 

used to stimulate the vestibular system. The GVS paradigm involves 
the bilateral bipolar mode, with the anode electrode placed on the 
mastoid bone behind one ear and the cathode electrode behind the 
other ear.

Bipolar galvanic stimulations will be delivered by the mini-CT 
portable box (Soterix Medical®, United States). Participants will self-
administer five sessions per week at home (from Monday to Friday) 
over 2 weeks, each lasting 20 min. The intensity will be set to 1 mA, 
initiated by a 60-s ramp-up and terminated by a 60-s ramp-down (52). 
Each session will be scheduled at the same time in the morning.

The researcher will program the GVS device before the 
intervention, configuring it according to the specified parameters 
and generating 10 unique session codes for each participant, 
corresponding to the 10 stimulation sessions. Throughout the 
intervention, participants will be  instructed to enter only the 
code assigned to the day’s session. The quality of skin-electrode 
contact will be systematically checked, and if the signal is deemed 
“poor,” the stimulation will not initiate. The electrodes will 
be  pre-soaked in saline solution, to minimize cutaneous 
sensations. The first vestibular stimulation session will 
be  conducted in the laboratory with the experimenter, after 
which participants will be guided to self-administer subsequent 
sessions at home. The intervention will be remotely monitored 
through the SAPATIC digital platform.
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2.4.4 Control group-health education (HE)
The participants in the active control group will attend a one-hour 

health education session each week for a total of 14 weeks. These 
videoconference sessions will cover topics such as the benefits of physical 
activity, healthy lifestyles (including sleep habits and dietary balance), 
and cardiovascular risk factors. The inclusion of an active control group 
will aim to mitigate any potential influence of social contact and 
motivational factors on performance differences between the groups.

2.5 Data collection and management

The participants to be  included will be  registered with an 
identification number, ensuring anonymity for all collected data. 
Trained staff will collect the data under the supervision of the principal 
investigator. The data will be  stored on a separate hard disk and 
processed anonymously. Each identification code will correspond to 
a laboratory file, documenting test results from baseline, before, and 
after interventions. Documentation of each physical training session 
will be  collected and saved on the secure web-based platform 
(SAPATIC®). The balance between benefits and risks is favorable, with 
minimal adverse events observed for PET (muscular pain or 
contractures; risk of cardiovascular problems; risk of falling), BLE 
(headache, eye strain, nausea), and GVS (nausea, dizziness, swaying 
sensation, metallic taste in the mouth). Any adverse events will 
be documented in a study monitoring register. To ensure data quality, 
a trained project assistant will review data entries and cross-check the 
digitized version once all training and assessments are completed.

According to the ethical registration, there will be no independent 
data safety monitoring committee for this study. The conduct and 
progress of the study will be continuously monitored by the principal 
investigators and scientists and will be  audited by the sponsor at 
mid-study and the end of the study.

2.6 Sample size calculations

The sample size calculation has been performed using R statistical 
software (R Core Team). In order to detect relevant differences 
between groups in the changes from pre-to post-intervention, 
we determined a sample size sufficient to detect medium effect sizes 
(Cohen’s f = 0.4). Therefore, α = 0.05, and p = 0.90, were selected to 
favor clinically significant effect sizes. The sample size calculation is 
based on sleep quality as the main variable. A total of 24 participants 
per group are necessary to examine the hypothesis that interventions 
impact sleep quality. Two additional participants are included to 
compensate for possible drop-outs. Each of the four groups will 
consist of 25 participants, resulting in a total of 100 participants.

2.7 Statistical analyses

Data will be analyzed with R statistical software (R Core Team, 
Austria). The statistical analysis will determine the effects of the three 
different training interventions on sleep, fitness, cognitive, and quality 
of life variables compared to a control group. The analysis will include 
subjects who completed all the pre-and post-tests. If participants drop 
out or deviate from the intervention protocols, their data will not 

be used. Deviations will include non-eligibility, withdrawal of consent, 
missed test visits, and intervention protocol not completed. Data from 
the pre-test and post-test will be presented using descriptive statistics: 
mean, standard deviation, and percentage to describe the participants’ 
characteristics and performance on assessments. Comparisons within 
and between four groups at baseline and post-intervention will 
be  done using repeated measures ANOVA, after checking for 
normality. Assessments will be considered as the dependent variables, 
and the group will serve as the independent variable. Post hoc analyses 
will be conducted when a significant main effect is observed using 
Tukey’s test to correct for multiple comparisons.

The initial ANOVA, comparing the PET, PET, and BLE, control 
group, will aim to assess the presence of intervention effects (pre/
post). The hypothesis is that the combined PET and light interventions 
will result in improved outcomes in both groups compared to the 
control group across various domains, including physical and motor 
fitness, cognitive, QoL, circadian rhythms, and sleep variables.

The second ANOVA, comparing the GVS and control groups, will 
be designed to assess the existence of intervention effects (pre/post). 
The hypothesis is that the GVS intervention will lead to improvements 
in balance, cognition, QoL, circadian rhythms, and sleep variables 
compared to the control group.

3 Discussion

This study aims to demonstrate the positive impacts of 
non-pharmaceutical remote interventions (PET, the complementary 
contribution of BLE to PET, and the specific contribution of GVS) on 
sleep quality. The study also aims to demonstrate how these 
interventions can result in improvements in circadian rhythms, overall 
sleep, physical and motor fitness, cognition, QoL, and mood parameters.

Although the benefits of physical activity on individuals’ health 
are widely acknowledged (21, 22, 29–31), few studies have examined 
the efficacy of PET using videoconferencing on fitness, cognition, 
QoL, and mood parameters in healthy older adults (37–39) and none 
on sleep. Moreover, current literature supports the advantages of 
remote physical training conducted through videoconferencing (39, 
41, 75, 76). Our primary aim is to determine whether this training 
modality also yields positive effects on sleep. The second aim is to 
determine whether the addition of remotely monitored self-
administered BLE to videoconference physical exercise training can 
optimize sleep improvements. Studies exploring the impact of 
combining these two synchronizers are still rare, focusing primarily 
on quality of life and mood (77, 78), with none specifically 
addressing sleep.

Studies conducted in both animals and humans have suggested a 
connection between the vestibular system and circadian rhythm (42, 
43). There has been limited rigorous research on the effect of GVS on 
sleep quality, particularly in cases of insomnia sleep disorders. Krystal 
et al. (46) showed, using polysomnography, that galvanic vestibular 
stimulation induces a reduction in sleep latency only in participants 
whose sleep latency was greater than or equal to 14 min. Goothy and 
McKeown (79) observed a significant decrease in the ISI scores in 
healthy adults, indicating improvements in subjective sleep parameters 
following the GVS protocol. These studies provide preliminary 
evidence of the specific contribution of GVS on sleep quality, but none 
have been conducted in healthy older adults with sleep complaints. 

248

https://doi.org/10.3389/fpubh.2024.1326412
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Milot et al. 10.3389/fpubh.2024.1326412

Frontiers in Public Health 08 frontiersin.org

Further research is needed to assess the role of vestibular stimulation 
as a non-photic stimulus in synchronizing circadian rhythms.

This study has several strengths. Firstly, videoconference 
interventions prove to be a feasible and efficient method, effectively 
overcoming various barriers to intervention in this population (36–40). 
Also, videoconference interventions enhance adherence and compliance 
by facilitating real-time interactions between physical trainers and 
participants (37–41, 75). Secondly, the vestibular stimulation is delivered 
using a portable device, potentially providing individuals with reduced 
mobility access to a circadian rhythm synchronizer by replicating 
natural head movements similar to those experienced during physical 
activities (80). Thirdly, sleep disorders are frequently associated with the 
use of benzodiazepine and other sedative-hypnotics, the use of which is 
not recommended or limited due to serious side effects such as impaired 
global cognition, executive function, and mobility (81, 82). Thus, 
exploring various non-pharmaceutical interventions represents a 
promising strategy for managing these disorders.

The first possible limitation of this study will be  that some 
participants might be discouraged by the use of new technologies. 
However, nowadays, older adults are becoming more familiar with 
technology, and we anticipate that its use will not be a significant issue. 
Finally, some participants may be discouraged by the length of the 
protocol, but compensatory allowances are provided to encourage 
them to continue with the interventions.

To conclude, the findings of this study are expected to contribute 
to the development of recommendations and non-pharmaceutical 
preventive strategies aimed at enhancing sleep quality in older adults. 
Consequently, these interventions are expected to lead to 
improvements in physical and motor fitness, cognition, QoL, and 
mood as individuals age.

4 Ethics and dissemination

The protocol was drafted by the Declaration of Helsinki. It was 
then submitted to the French Health Authority, specifically the 
National Agency of the Safety of Medicines and Health (ANSM), for 
formal approval to conduct the study and to ensure compliance with 
local regulations by a duly constituted Ethics Committee. Approval 
was obtained from the Health Authorities (ANSM) and the “Nord-
Ouest IV” Ethics Committee in France, by French regulations 
(ID-RCB number 2020-A01578-31). Any protocol modifications will 
be promptly communicated to relevant parties, including investigators 
and the ethics committee. Eligible participants will initially be briefed 
about the study by the researcher, followed by comprehensive written 
and oral explanations provided by the investigators. Participation will 
be entirely voluntary, and individuals can withdraw at any time while 
still receiving standard treatment. Written informed consent will 
be obtained from all participants before their inclusion in the study.

The results of this study will be disseminated to the scientific 
community through presentations and publications in peer-reviewed 
scientific journals, as well as other stakeholders.
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