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Editorial on the Research Topic

Sarcopenia and frailty: the role of physical activity for better aging

As the global population continues to age, the prevalence of age-related health conditions

such as sarcopenia and frailty has become a significant concern for public health worldwide.

These conditions affect the quality of life of older adults and place a substantial burden on

healthcare systems. Especially because they increase the likelihood of falls, hospitalizations,

multimorbidity, and functional disability (1, 2). In addition, sarcopenia and frailty are

mortality indicators in both community-dwelling and institutionalized older adults (3).

In this Research Topic, we have assembled a collection of 10 research articles that delve

into the complex relationship between sarcopenia, frailty, physical activity, and aging. These

articles shed light on crucial aspects of these conditions and provide valuable insights for

aging and public health, including those related to lifestyle factors for healthful and successful

aging, chronic disease management across the life-course to promote healthy aging, and

evidence-based programs and practices.

The article by Gomez-Campos et al. explored the relationship between age and handgrip

strength (HGS), a key component of frailty and a predictor of futuremorbidity andmortality.

Their research analyzed data from 5,376 Chilean participants (from 6 to 80 years old). They

found that there is a non-linear relationship between chronological age and HGS from

childhood to senescence. The proposed percentiles offer valuable insights into monitoring

HGS, providing clinicians and researchers with percentiles by age and sex for assessing

muscle strength levels.

Considering that low hemoglobin levels/anemia, osteoporosis, and sarcopenia are

common in older people, two studies were conducted to verify such associations. Firstly,

Liu Q. et al. investigated the correlation between hemoglobin levels and osteoporosis among

older Chinese individuals. Their cross-sectional study had a sample of 1,068 individuals

aged 55–85 years, and revealed a significant link between lower hemoglobin levels and

bone mineral density, even after controlling for several confounders. This emphasizes the

importance of considering both hematological andmusculoskeletal factors in the assessment

of frailty and bone health.
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In another exploration of hemoglobin’s role, Liu Y.

et al. used data from the China Health and Retirement

Longitudinal Study (CHARLS) to delve into the relationship

between hemoglobin levels and sarcopenia in the Chinese

population aged 60 and above (n = 3,055). Cross-sectionally,

their findings highlighted a negative association between

hemoglobin levels and sarcopenia, and low appendicular skeletal

muscle mass adjusted by height. The cohort study data (n

= 1,022) showed a negative association of hemoglobin level

and low physical performance; with sarcopenia; and skeletal

muscle mass.

Chen X. et al. addressed the critical issue of mortality in

hemodialysis patients. They aimed to identify physical performance

(i.e., gait speed, the Timed Up and Go, and the Short

Physical Performance Battery) and muscle strength (i.e., HGS)

as key predictors. The authors showed that muscle strength

and physical performance, rather than muscle mass, predict all-

cause mortality (n = 923 hemodialysis patients from China;

8.6% have died after a median of 14 months). These findings

present the role of strength and physical performance rather

than muscle mass in sarcopenia, as well as in hemodialysis

patients, with implications for the care and management of

this condition.

Supporting that physical exercise is an important intervention

to promote health and fitness in sarcopenia, Xiang et al.

conducted a bibliometric analysis of research on exercise

interventions for this disease published between 2003 and 2022.

Specifically, the United States of America is currently the country

with the largest number of publications, and Alfonso Cruz-

Jentoft, from Spain, first author of both European Consensus

on the definition and diagnosis of sarcopenia (4, 5), the

most cited author. Their study provided an overview of the

current state of research and identified hotspots and trends in

the field.

Takahashi et al. investigated the relationship between

activity diversity (i.e., type, frequency, evenness) and frailty

in a 2-year longitudinal study of Japanese community-

dwelling older adults. A total of 207 non-frail participants

at baseline were enrolled and 30.9% of them had incident

frailty during the follow-up period. Their findings indicated

that activity type and evenness were predictors of frailty

after adjustments for sociodemographic and psychosomatic

factors, underscoring the importance of considering not only

the quantity but also the variety of activities in promoting

healthy aging.

Ohta et al. highlighted the intricate interplay between physical

and cognitive aspects of aging and emphasized the need for

tailored interventions based on sex and age. They identified

a stronger linear association of sarcopenia severity with poor

cognitive function in women compared with men in their

study. The study had a cross-sectional approach of regional

cohorts of the Integrated Research Initiative for Living Well

with Dementia (IRIDE) Cohort Study with 6,426 Japanese

older people.

De lima et al. investigated, in a randomized 14-week

interventional study, the effects of agility ladder training

with a cognitive task in healthy older adults. This approach

demonstrated the potential for improving both physical function

and cognitive performance, through innovative interventions in

aging populations considering sarcopenia and frailty.

Chen A. et al. conducted a comprehensive analysis of the

relationship between body habitus and frailty in a community-

based sample of 840 Chinese adults. Their research identified

high body mass index (BMI) and waist-hip ratio (WHR) as

significant risk factors for frailty, underpinning the importance

of considering multiple body composition measures in assessing

frailty risk.

Finally, Veen et al. highlighted the benefits of exceeding

minimum activity guidelines to optimize performance in activities

of daily living and overall functioning. They investigated the

impact of accumulating twice the recommendedminimum amount

of moderate-to-vigorous physical activity (MVPA) on physical

function (i.e., HGS, 5 times sit-to-stand, squat jump, and 6-

min walk test) in older adults (n = 193). Their study revealed

that individuals who engaged in more than 300min of MVPA

per week exhibited better physical function, particularly in

walking performance.

Collectively, the articles on this Research Topic make an

important step forward approach to sarcopenia, frailty, and the

role of physical activity in aging populations, as well as underlying

factors. As we continue to grapple with the implications of global

aging, the insights gained from these studies may inform public

health policies and interventions, inspire further research, and lead

to strategies with the aim of mitigating sarcopenia and frailty in

older adults, promoting healthy and wellbeing aging.
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Introduction:Measurement of hand grip strength (HGS) has been proposed as a key

component of frailty and has also been suggested as a central biomarker of healthy

aging and a powerful predictor of future morbidity and mortality.

Objectives: (a) To determine whether a nonlinear relationship model could improve

the prediction of handgrip strength (HGS) compared to the linear model and (b)

to propose percentiles to evaluate HGS according to age and sex for a regional

population of Chile from infancy to senescence.

Methods: A cross-sectional descriptive study was developed in a representative

sample of the Maule region (Chile). The volunteers amounted to 5,376 participants

(2,840 men and 2,536 women), with an age range from 6 to 80 years old. Weight,

height, HGS (right and left hand) according to age and sex were evaluated. Percentiles

were calculated using the LMSmethod [(L (Lambda; asymmetry), M (Mu; median), and

S (Sigma; coe�cient of variation)].

Results and discussion: There were no di�erences in HGS from 6 to 11 years of

age in both sexes; however, from 12 years of age onwards, males presented higher

HGS values in both hands (p < 0.05). The linear regression between age with HGS

showed values of R2 = 0.07 in males and R2 = 0.02 in females. While in the non-

linear model (cubic), the values were: R2 = 0.50 to 0.51 in men and R2 = 0.26 in

women. The percentiles constructed by age and sex were: P5, P15, P50, P85, and P95

by age range and sex. This study demonstrated that there is a nonlinear relationship

between chronological age with HGS from infancy to senescence. Furthermore, the

proposed percentiles can serve as a guide to assess and monitor upper extremity

muscle strength levels at all stages of life.

KEYWORDS

dynamometer, hand grip strength, percentiles, infancy, senescence
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Introduction

Hand grip strength (HGS) is the amount of static force that the

hand can generate around the dynamometer. It is defined as the

ability of the hand to grasp objects between the thumb and fingers (1).

It is characterized by completing a maximal isometric grip strength

task, in which individuals squeeze a grip dynamometer with maximal

effort for a short period of time and then the contracted musculature

is relaxed (2).

Overall muscle strength is conveniently assessed by measuring

(HGS) with a hand grip dynamometer (3). This equipment

objectively measures upper extremity isometric strength (4) and is

considered a prime candidate for use in routinemedical examinations

given its simplicity and low cost for assessing isometric strength in

children, youth and adults (5).

Measurement of HGS has been proposed as a key component of

frailty phenotypes and has also been suggested as a central biomarker

of healthy aging and a powerful predictor of future morbidity and

mortality in both young, as well as older adult populations (6, 7).

Indeed, measures of muscle strength and physical performance

are increasingly used for research and practice. It is timely to

review and identify appropriate tools for their assessment (8), so

norm-referenced percentiles are an alternative to help interpret the

performance of an individual compared to a reference population (9).

In that sense, reference ranges for HGS from infancy to

senescence have been reported in several studies in high-income

countries such as England (10) Canada (11) and the United States

(12, 13). These scales are comparable and measurable to aid in

interpetation of test results and decision making (13), such as the

reference values proposed by the Center for Disease Control and

Prevention [CDC] (14), developed from the United States National

Health and Nutrition Examination Survey (NHANES).

These references are very scarce in South America, such as the

study developed in Colombia (15). However, in Chile, as far as is

known, no studies have been identified that cover a wide age range

that would allow the assessment of HGS from 6 to 80 years of age, as

has been observed in previous studies.

In general, reference values should be interpreted using specific

ranges according to geographic region, ethnicity (16), age, sex, height

(7). This is due to the fact that, not all country populations present

similar characteristics (social, economic, cultural, demographic,

nutritional and anthropometric). Therefore, their trajectories usually

present varied levels of muscular strength performances, being higher

in men in relation to women. These differences appear during the

stage of growth and maturation, passing through youth, middle

adulthood and old age) (10, 11).

Consequently, studying HGS from infancy to senescence is

relevant, due to its ability to predict skeletal muscle strength

throughout life, as studies generally use linear regression models

to predict HGS (1, 17, 18). However, it is possible that there is a

nonlinear relationship between age and HGS, as the cubic model

could improve the predictive power of isometric strength when it is

intended to be analyzed from infancy to senescence.

Therefore, the objectives of the study were (a) to determine

whether a nonlinear relationshipmodel could improve the prediction

of HGS compared to the linear model and (b) to propose percentiles

to assess HGS according to age and sex for a regional population of

Chile from infancy to senescence.

Methodologic

Type of study and sample

A descriptive cross-sectional study was developed in a

representative sample of the Maule region (Chile). The details

of the sampling process were described in a previous study (19).

Sampling was probabilistic (random). The volunteers amounted

to 5,376 participants (2,840 males and 2,536 females), with an age

range of 6 to 80 years old. They were recruited from public schools

(schoolchildren aged 6 to 17 years), public and private universities

(aged 18 to 30 years) and middle-aged and older adults from social

programs offered by the Municipality of Talca (Maule Region).

Maule is located in the seventh region of Chile 230 km south of the

capital Santiago and the Development Index (HDI) for 2018 was

0.872, while for the country it was 0.847 (20).

Regarding the socio-demographic indicators of the Maule region

(Chile), according to the Ministerio de Desarrollo Social Chile (21),

there are small differences in relation to the capital of chile (Santiago).

For example, the average years of schooling in the Maule region are

around ∼9.8 years, the employment rate is 55.7%, unemployment

rate 6.9%, state social welfare 55.7%, private social welfare 5.9%.

While, in the capital Santiago, the average years of schooling are

∼11.6 years, the employment rate is 58.9%, unemployment rate 6.9%,

state social security 71.0%, and private social security 21.3%.

All study participants signed the informed consent form, in

which they authorized the anthropometric measurements and the

assessment of HGS. For those under 18 years of age, it was

the parents and/or guardians who signed the informed consent.

Participants who were of a nationality other than Chilean were

excluded, as well as those who presented some type of physical

disability (that prevented them from being able to look after

themselves). People who previously reported stroke, spinal cord or

brain injury, or upper extremity disabilities were also excluded from

the study.

The research was conducted from 2015 to 2018 and was

developed according to the Declaration of Helsinki for human beings

and had the approval of the University Ethics Committee (UA-238-

2014).

Techniques and procedures

A team of 6 evaluators was formed to collect data from the study

sample. The anthropometric variables and the HGS were collected in

schools, universities, and in the facilities of the social programs of the

Municipality of Talca. This procedure was carried out from Monday

to Friday from 8:30 am to 12:30 pm. Data such as age and date of birth

were collected from the registration forms of each institution.

Anthropometric measurements of weight and height were

evaluated according to the recommendations of Ross and Marfell-

Jones (22). All participants wore as little clothing as possible (shorts,

T-shirt, and bare feet). Body weight (kg) was measured using an

electric scale (Tanita, Glasgow, UK, Ltd), accurate to 100g and with a

scale from 0 to 150 kg. Height was measured in the standing position

and according to the Frankfort plane (23). A portable stadiometer

(Seca Gmbh and Co. KG. Hamburg, Germany), with an accuracy of

0.1mm, and a scale of 0 to 205 cm, was used. Both anthropometric
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TABLE 1 Characteristics of the sample studied.

Age (years) n Weight (kg) Height (cm) HGS- RA(kgf) HGS-LA (kgf)

X SD X SD X SD X SD

Males

6 a 11 735 35.3 11.2 133.7 11.6 10.9 7.3 10.6 7.2

12 a 19 1534 64.8 13.9∗ 167.6∗ 9.8 31.7 13.7∗ 30.4 13.1∗

20 a 29 322 77.3 12.3∗ 173.1∗ 6.7 43.8 12.3∗ 41.9 12.1∗

30 a 39 49 82.9 12.8∗ 175.3∗ 9.4 33.4 17.4∗ 31.1 16.1∗

40 a 49 43 84.3 15.4∗ 170.0∗ 5.5 27.2 12.7∗ 26.8 13.4∗

50 a 59 53 86.9 11.6∗ 169.6∗ 6.8 25.8 11.1∗ 26.2 10.9∗

60 a 69 52 81.5 13.0∗ 167.9∗ 6.6 29.4 15.3∗ 27.7 13.5∗

70 a 80 52 78.6 11.7 165.6∗ 6 27.4 12.7∗ 25.3 13.0∗

Total 2840 59.7 20.3 159.4 18.4 27.5 16.3 26.3 15.6

Females

6 a 11 630 36.1 10.9 135.2 12.1 10.8 5.9 10.1 5.6

12 a 19 787 59.7 12.1 158,0 6.3 22.9 7.6 21.6 7.3

20 a 29 240 64.3 12.5 160.6 6.1 23.5 8.7 22,0 8.3

30 a 39 72 70.5 13.8 160,0 8.1 23.7 10.2 22.8 9.5

40 a 49 110 70.7 14,0 156.8 10.4 23.5 8.8 23,0 8.7

50 a 59 162 70.4 12.4 156.2 5.7 20.2 8.2 19.7 8.5

60 a 69 294 70.2 12.2 153,0 6.7 20.3 6.9 19.4 6.9

70 a 80 241 67.5 12.5 151.3 6.4 18.7 7.1 17.8 7.1

Total 2536 57.7 17.8 151.3 13.1 19.3 8.8 18.4 8.5

X, Average; SD, Standard deviation; HGS, Handgrip strength; RA, Right arm; LA, Left arm.

measurements were evaluated 2 times, where the relative technical

error of measurement (TEM%) was 1.2%.

The HGS of both hands (right and left) was assessed

by dynamometry. A JAMAR hydraulic dynamometer (brand

name) (Hydraulic Hand Dynamometer R© Model PC-5030 J1, Fred

Sammons, Inc., Burr Ridge, IL: USA) was used. This equipment

has an accuracy of 0.1 kg and a scale up to 100 kg/f. We used the

protocol proposed by Richards et al. (24), where participants were

tested one by one in a seated position (standard position in a straight-

backed chair). Each subject performed two attempts with each hand

and one of the evaluators adjusted the dynameter to the grip size of

the equipment. The hands performing the grips were alternated to

minimize fatigue effects (1 to 2min rest between each attempt). The

best measurement was recorded for each of the two attempts. The

TEM% between the two evaluations ranged from 1.2 to 1.5%.

Statistics

The normality of the distribution of the data (weight, height

and HGS) was verified by means of the Kolmogorov-Smirnov test.

Descriptive statistics (mean and standard deviation) were calculated

by age and sex strata. Significant differences between both sexes

were verified by means of the Student’s t-test for two samples.

Different linear and nonlinear (cubic) regression analysis models

were used, being the third degree cubic polynomial model the

most adequate for both sexes (between age and HGS): HGS =

a + b1(age) + b2(age)2 + b3(age)3, where: a is the intercept,

b1, b2 and b3 are regression parameters, estimated from the data.

The regression analysis was performed separately for each sex. For

significance, p < 0.05 was adopted and calculations were performed

in Microsoft Excel spreadsheets, SPSS 16.0 software and R. Percentile

curves were created for HGS for both hands (P5, P15, P50, P85,

and P9) using the LMS method [L (Lambda; skewness), M (Mu;

median) and S (Sigma; coefficient of variation)] proposed by Cole

et al. (25). The LMS Chart Maker software version 2.3 (26) was

also used.

Results

Table 1 shows the anthropometric characteristics, and HGS

values of both sexes by age ranges. The boys categorized from 6 to

11 years of age presented similar values of weight, height, and HGS

(right and left arm) in relation to their female counterparts (p> 0.05).

On the contrary, in the age ranges (12 to 19 years, 20 to 29 years, 30

to 39 years, 40 to 49 years, 50 to 59 years, 60 to 69 and 70 to 80 years),

males presented significant higher values in relation to females (p <

0.05).

The results of the linear and nonlinear regression between age

and HGS can be seen in Figure 1. In the linear relationship, age

with HGS showed low explanatory power in both sexes (R2 =

0.07 in men and 0.02 in women). While when analyzed by the

cubic (non-linear) model, the explanatory values increased ostensibly
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FIGURE 1

Non-linear relationship (cubic) between chronological age with HGS in both hands and both sexes from 6 to 80 years of age.

(in men up to R2 = 0.50 to 0.51 and in women up to 0.26).

In the non-linear model generated, the residual standard error

(RSE) reflected adequate fit, for example in males (RSE = 11.48

and 11.05), while in females (RSE = 7.55 and 7.34). In general,

Figure 1 shows that the cubic (nonlinear) regression model showed

a phase of accelerated increase in HGS in both sexes (during

childhood, adolescence and young adulthood). Followed by a plateau

around the age of 30 years approximately in both sexes (45 kg

in men and 28 kg in women), then after the age of 40 years,

men begin to experience an accelerated reduction of HGS up

to ∼50% at the age of 80 years. While in women a smaller

reduction of HGS was observed as age advances (decreasing by

∼37%, approximately).

The HGS percentiles by chronological age and sex can be seen in

Table 2 and Figure 2. The percentile distribution was P5, P15, P50,

P85, and P95. These values describe HGS patterns that are similar

from age 6 to 12 years in both sexes and both hands. However, from

the age of 13 years onwards, males present significantly higher levels

of HGS (p < 0.05) than females until older ages.

Discussion

The first objective of this study was to determine whether a

nonlinear relationship model (cubic) could improve the prediction

of HGS compared to the linear model by chronological age in a

regional population of Chile ranging from 6 to 80 years of age. The

results have shown that the nonlinear regression model (cubic) better

explains HGS when it is analyzed by chronological age from infancy

to senescence.

The cubic relationships observed in this study have evidenced a

better explanatory power between age with HGS in both hands and

in both sexes (reaching in men up to 51% and in women up to 28%).

While, in the linear relationship, the predictive power for both hands

showed values of R2 = 0.07 in men and 0.02 in women.

In both cases (for both right and left hand) the curvilinear

(i.e., cubic) regression models were superior to linear regression as

observed in some recent studies (27, 28). These cubic relationships

observed in this study are consistent with the literature, where HGS

increases with chronological age during growth and development.
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TABLE 2 Percentiles to evaluate HGS from 5 to 80 years according to age range for both sexes.

Age HGS-RA (kgf) HGS-LA (kgf)

L M S P5 P15 P50 P85 P95 L M S P5 P15 P50 P85 P95

Males

6 −0.09 5.56 0.62 2.1 3.0 5.6 10.8 16.3 0.41 5.52 0.55 1.8 2.9 5.5 9.2 11.9

7 −0.22 6.89 0.58 2.9 3.9 6.9 13.2 20.2 0.46 7.35 0.52 2.5 4.0 7.3 11.9 15.1

8 0.22 8.49 0.55 3.1 4.6 8.5 14.5 19.3 0.5 9.24 0.49 3.3 5.1 9.2 14.6 18.3

9 0.61 10.26 0.51 3.1 5.4 10.3 16.3 20.3 0.54 11.25 0.47 4.1 6.4 11.2 17.3 21.4

10 0.36 12.13 0.49 4.7 7.0 12.1 19.3 24.5 0.59 13.35 0.44 5.1 7.8 13.4 20.1 24.5

11 0.04 14.43 0.47 6.6 8.9 14.4 23.3 30.7 0.63 15.55 0.42 6.2 9.3 15.5 22.9 27.7

12 0.22 17.6 0.45 7.9 10.8 17.6 27.3 34.7 0.67 17.73 0.40 7.4 10.9 17.7 25.6 30.7

13 0.37 21.75 0.42 9.7 13.5 21.8 32.7 40.4 0.72 19.7 0.39 8.5 12.3 19.7 28 33.2

14 0.51 26.59 0.4 12.0 16.7 26.6 38.7 46.8 0.77 21.33 0.37 9.4 13.5 21.3 29.9 35.2

15 0.89 31.42 0.37 13.0 19.6 31.4 43.7 51.2 0.81 22.55 0.36 10.1 14.5 22.5 31.2 36.6

16 1.10 35.62 0.34 14.8 22.7 35.6 48 55.2 0.86 23.36 0.35 10.5 15.1 23.4 32.1 37.4

17 1.15 38.79 0.32 17.6 25.7 38.8 51.2 58.3 0.9 23.84 0.35 10.7 15.4 23.8 32.6 37.8

18 1.28 40.75 0.3 18.7 27.4 40.7 52.9 59.7 0.93 24.07 0.35 10.7 15.6 24.1 32.8 38.0

19 1.46 41.51 0.3 17.4 27.4 41.5 53.6 60.2 0.97 24.04 0.35 10.5 15.5 24.0 32.7 37.9

20 a 29 1.38 41.01 0.32 16.4 26.5 41 53.8 60.8 0.99 23.75 0.35 10.1 15.1 23.7 32.4 37.4

30 a 39 1.16 39.19 0.35 15.3 24.5 39.2 53 60.9 1.01 23.19 0.35 9.6 14.7 23.2 31.7 36.6

40 a 49 0.79 36.46 0.39 15.0 22.5 36.5 51.7 61.1 1.03 22.37 0.36 9.1 14.0 22.4 30.6 35.4

50 a 59 0.6 33.3 0.43 13.3 19.8 33.3 49.4 60 1.04 21.33 0.36 8.5 13.3 21.3 29.2 33.8

60 a 69 0.63 30.01 0.47 10.4 16.7 30.0 45.9 56.4 1.04 20.18 0.36 7.9 12.5 20.2 27.7 32.1

>70 0.78 26.69 0.51 6.8 13.5 26.7 41.6 51 1.05 18.99 0.37 7.3 11.7 19 26.1 30.3

Females

6 −0.12 5.02 0.69 1.7 2.5 5.0 10.6 17.1 0.33 4.7 0.56 1.5 2.5 4.7 8.0 10.5

7 0.25 6.26 0.65 1.8 3.0 6.3 11.7 16.1 0.37 6.46 0.54 2.2 3.5 6.5 10.7 13.8

8 0.11 7.71 0.6 2.7 4.0 7.7 14.1 19.7 0.41 8.25 0.51 3.0 4.6 8.3 13.3 16.9

9 0.48 9.28 0.56 2.8 4.7 9.3 15.5 19.9 0.45 10.14 0.48 3.8 5.8 10.1 15.9 20.0

10 0.38 11.0 0.52 3.9 6.0 11.0 18.0 23.2 0.49 12.13 0.46 4.7 7.1 12.1 18.6 23.0

(Continued)
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TABLE 2 (Continued)

Age HGS-RA (kgf) HGS-LA (kgf)

L M S P5 P15 P50 P85 P95 L M S P5 P15 P50 P85 P95

11 0.13 13.2 0.49 5.6 7.8 13.2 21.7 28.6 0.53 14.2 0.44 5.8 8.5 14.2 21.3 26.1

12 0.15 16.25 0.47 7.2 9.8 16.2 25.9 33.5 0.58 16.25 0.42 6.8 9.9 16.3 23.9 28.9

13 0.35 20.26 0.44 8.9 12.4 20.3 30.8 38.5 0.63 18.08 0.4 7.7 11.2 18.1 26.1 31.3

14 0.51 24.95 0.41 11.0 15.5 24.9 36.5 44.3 0.68 19.57 0.39 8.5 12.3 19.6 27.9 33.1

15 0.86 29.61 0.37 12.3 18.5 29.6 41.3 48.5 0.74 20.68 0.37 9.1 13.1 20.7 29.1 34.4

16 1.11 33.63 0.34 14.0 21.5 33.6 45.3 52.0 0.78 21.43 0.37 9.4 13.6 21.4 29.9 35.2

17 1.17 36.65 0.32 16.5 24.3 36.7 48.3 55.0 0.83 21.9 0.36 9.6 13.9 21.9 30.4 35.6

18 1.28 38.51 0.3 17.5 25.8 38.5 50.1 56.6 0.86 22.15 0.36 9.5 14.0 22.2 30.7 35.9

19 1.39 39.23 0.31 16.6 25.9 39.2 51.0 57.4 0.89 22.18 0.37 9.3 13.9 22.2 30.8 36.0

20 a 29 1.33 38.75 0.33 15.2 24.8 38.8 51.2 58.0 0.91 21.98 0.37 9.0 13.7 22 30.6 35.7

30 a 39 1.17 37.02 0.36 13.7 22.8 37.0 50.4 58.0 0.93 21.56 0.38 8.6 13.3 21.6 30.1 35.2

40 a 49 0.81 34.41 0.4 13.6 20.8 34.4 49.1 58.1 0.93 20.88 0.38 8.1 12.7 20.9 29.3 34.3

50 a 59 0.61 31.35 0.44 12.2 18.4 31.4 46.8 57.0 0.93 19.94 0.39 7.6 12.0 19.9 28.1 32.9

60 a 69 0.61 28.14 0.48 9.6 15.6 28.1 43.5 53.7 0.92 18.82 0.39 7.0 11.3 18.8 26.6 31.3

>70 0.72 24.89 0.52 6.5 12.5 24.9 39.3 48.6 0.91 17.63 0.4 6.5 10.5 17.6 25.0 29.5

P, percentile; HGS, Handgrip strength; RA, Right arm; LA, Left arm.
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FIGURE 2

HGS percentiles by chronological age for both sexes and both hands.

HGS reaches a plateau around age thirty (12, 29) and declines after

age forty (10, 30) and fifty (28, 29), as age advances.

In essence, the predictive power of HGS improves when analyzed

from a nonlinear relationship, as demonstrated in this study.

Although several studies have used linear relationships between age

and anthropometric parameters with HGS in various populations

around the world (31–34). Therefore, future studies should take into

account that to analyze HGS across the lifespan should consider that

the cubic model can be a valuable tool to analyze upper limb muscle

fitness trajectories.

Consequently, given that HGS is an indicator of general strength

at all ages and stages of life, this study set out as a second objective to

develop referential percentiles according to age and sex ranges.

The HGS percentiles as a function of chronological age proposed

in this study should be interpreted using specific reference ranges

according to geographic region and ethnicity (16). These proposed

tools for the Maule region of Chile can be used to assess and monitor

muscle strength from infancy to senescence.

In fact, regardless of the country and/or geographic region,

the proposed references serve to identify individuals with low

performance, to identify those in need of intervention, to follow up

high-performing subjects as part of intervention programs (35). As

well as to promote occupational therapy (13), physical education

classes (12), and to identify frailty phenotypes and healthy aging

across the lifespan (6).

In general, the cut-off points adopted in this study for HGS

considered as abnormally low is <p5. These values were suggested

by some studies (11, 36) where they highlight an early detection

of decreased isometric muscle strength. Percentiles p5 to p15 can

be interpreted with a low level of HGS and between p15 to p85

as adequate and >p85 as elevated HGS. Other studies have also

pragmatically suggested 2SD below the mean maximum sex value

(10, 37).

In general, reference values, by chronological age are a valuable

tool to be considered as routine measures, both in clinical and

epidemiological contexts. In fact, several international studies have

usedHGS as a prognosticmarker ofmortality in children, adolescents

(38), in middle-aged people (39), and as indicators of frailty and

sarcopenia in older adults (40).

This study has some limitations that have to do with the

cross-sectional design used in this study, given that the results

obtained preclude inferring causal relationships. In addition, data on

muscle pathologies, muscle strength values of the lower extremities,

including fat-free mass and bone mineral density values, were not

collected. This information would have allowed a broader analysis

and discussion of the results. Therefore, future studies should take

these aspects into account.

Notwithstanding the above, we emphasize that one of the main

strengths of the study is the size of the sample and the probabilistic

selection, since the results obtained can be generalized to other

geographic regions of Chile. These results can also serve as a

baseline for future secular trend studies, as well as for short-

term comparisons with other national and international studies.

It can also serve professionals and researchers in the area as

guidelines for clinical and epidemiological use and decision making.

Furthermore, its use and application can enrich the International

Classification of Functioning, Disability and Health [ICF] (41) in

disciplines and sectors such as education and transportation, health

and community services, respectively. Calculations can be made

through the following link: http://www.reidebihu.net/hgs_infancy_

senesce.php.

Conclusion

In conclusion, this study demonstrated that there is a nonlinear

relationship between chronological age and HGS from infancy to
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senescence. This cubic relationship allows us to observe a phase

of accelerated increase in HGS during childhood and adolescence,

until reaching a plateau around 30 years of age in both sexes, and

consequently, a decrease in HGS from 40 years of age onwards,

being more accelerated in men than in women. Furthermore,

the proposed percentiles can serve as a guide for assessing and

monitoring upper extremity muscle strength levels, as well as for

surveillance, and in the planning of intervention programs at all

stages of life.
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Objectives: Patients undergoing maintenance hemodialysis usually su�er a high

burden of poor functional status. The aim of this study was to investigate

the association between muscle mass, muscle strength as well as physical

performance with all-cause mortality in hemodialysis patients.

Methods: 923 hemodialysis patients (565 men, mean aged 61.3 ± 12.7 years)

were included from eight facilities in Tianjin and Shanghai of China from 2019

to 2021. Muscle mass was evaluated by skeletal muscle index (SMI) and muscle

strength was assessed by handgrip strength. Di�erent measures of physical

performance were measured via gait speed, Timed Up and Go Test (TUGT) and

short physical performance battery (SPPB). Cox proportional hazards regression

models were used to determine the adjusted hazard ratios (HRs) of mortality with

95% confidence intervals (95% CIs) for baseline muscle mass, muscle strength

and di�erent measures of physical performance. Additionally, the area under the

Receiver Operating Characteristic (ROC) curves were constructed to determine

which index is a better predictor of mortality.

Results: During a median follow-up of 14 (12–17 months), 79 (8.6%)

patients died. Using the Cox regression analysis, we founded that muscle

strength and physical performance rather than muscle mass were significantly

negatively associated with mortality. The C-index for di�erent measures of

physical performance in predicting mortality were 0.709 for SPPB, 0.7 for

TUGT and 0.678 for gait speed, respectively. The C-index for muscle strength

was 0.635, and the ability of prediction was significantly lower than the

physical performance.

Conclusions: Physical performance seems to a better indicator of mortality than

muscle mass and strength in hemodialysis patients. Simple measures of physical

performance may be appropriately used as a screening tool targeting high-risk

hemodialysis patients for the prevention of mortality.
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Introduction

The prevalence of patients with end-stage renal disease (ESRD)

is increasing rapidly, which has been a major public health problem

in most countries (1, 2). Despite considerable improvement in

dialysis modalities and patient care, hemodialysis patients still

have an exceedingly higher mortality rate compared to the

general population (3). The potential contributors to the poor

survival status might be older age, comorbidities, malnutrition,

underdialysis and decreased physical function (4, 5). It is reported

that poor functional status is strongly related to advanced risks of

adverse events in hemodialysis patients (6–8). Therefore, there is

growing interest in finding effective and practical tests that can

be used as screening tools to identify early populations that may

benefit from targeted interventions.

Sarcopenia is a clinical disorder defined as loss of skeletal

muscle mass and low muscle strength and/or physical performance

(9). It’s worth noting that muscle strength is not entirely dependent

on muscle mass, and two elements may disassociate. With

increasing age, muscle strength decreases at a rate greater than the

rate of loss of muscle mass, even when muscle mass is maintained

or increased (10, 11). As a result, there is a great interest in

correctly distinguishing between the loss of muscle mass with

muscle strength. Indeed, this is particularly important because

treatments to maintain or increase muscle mass or muscle strength

are not necessarily the same (12). Skeletal muscle plays a key role in

metabolic function, facilitating glucose uptake and storage, and is

related to physical performance. Recent studies suggest that muscle

strength and physical performance were associated with mortality

in hemodialysis patients (13–15).

However, they did not comprehensively take into account

the various domains of physical performance indicators but only

focused on one or two domains of physical performance, such as

gait speed. Thus, it remains unclear whether or to what extent

physical performance indicators are more independently associated

to mortality in hemodialysis patients. In addition, several studies

showed that higher muscle mass was independently associated with

reduced risks of all-cause mortality in hemodialysis patients (16,

17), but previous findings regarding the relationship between the

musclemass andmortality have been discrepant (8, 18). Thus, more

evidence is required to explore the associations between muscle

mass, muscle strength and physical performance with mortality.

The purpose of this study was to identify the relationships

between muscle mass, muscle strength and physical performance

with mortality in patients on hemodialysis. Additionally, we aimed

to examine which measure(s) was/were the most prominent in this

relationship and could, accordingly, be relevant to be used in the

clinical screening of hemodialysis patients. A broad understanding

and addressing this are important for health care providers and

policy makers in response to huge health care challenges.

Methods

Participants and study design

This is a multicenter study including hemodialysis patients

from eight hemodialysis centers in Tianjin and Shanghai between

December 2019 and April 2021 at baseline. Patients were eligible

to participate if they were over 18 years of age, had received

maintenance hemodialysis for at least 3 months and were able

to provide informed consent. Exclusion criteria was described as

follows: (1) unable to measure the body composition; (2) inability

to perform the handgrip strength test or the physical performance

test; (3) patients with visual impairment or hearing impairment

difficulties; (4) unable to communicate with researchers or

provide informed consent. The final study sample comprised

923 subjects (Figure 1). All patients provided informed consent

prior to enrollment in the study. This study was approved by

the Ethics Committee of Shanghai University of Medicine and

Health Sciences.

Baseline variable

All patients were invited to a face-to-face interview to answer

a standardized questionnaire. Socio-demographic characteristics

(including age, gender, post-dialysis weight, dialysis vintage

and education level), health behaviors (including smoking and

drinking) and condition of chronic diseases were considered as

covariates. The short form of the International Physical Activity

Questionnaire (IPAQ) was used to assess the physical activity

(19). Comorbidity was evaluated by the Charlson comorbidity

index (20). All blood samples were drawn pre-dialysis. Details of

measurement methods have been described in our recent study

(21, 22).

Assessment of muscle mass

Bioelectrical impedance analysis (BIA) (InBody S10; Biospace,

Seoul, Korea) was used to measure muscle mass in the

pre-dialysis period (23). Patients were placed in a supine

position at least 10min before assessment. Muscle mass was

evaluated as the skeletal muscle index (SMI), calculated as the

relative skeletal muscle mass index divided by the square of

height (9).

Assessment of muscle strength

A dynamometer was used to assess the muscle strength

on the non-fistula prior to a dialysis session (GRIP-D; Takei

Ltd, Niigata, Japan). Patients were asked to make maximum

effort twice, and the result of the strongest handgrip strength

was used in the analysis. For patients with indwelling

dialysis catheters, we tested handgrip strength with the

dominant hand.

Evaluation of physical performance

Physical performance was measured via gait speed, Timed

Up and Go Test (TUGT) and short physical performance battery

(SPPB). We used the four-meter walking test to assess the gait
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FIGURE 1

Flowchart of study participants.

speed. Patients were asked to stand and walk a distance of eight

meters at a normal gait speed, and the time taken for the middle

four meters was recorded. The patient was allowed to use a walking

aid device (24). TUGT required a person to stand up from a chair,

then walk 3m, turn around, walk back and sit down again (25).

The SPPB consists of three sequential tests that assess semi-tandem

and tandem balance test, gait speed, and 5-sit-to-stand test. The

total score ranges from 0 to 12 points, and 12 showing the best

physical function performance to 0 showing inability to do the tests

(26). All these physical performance tests were performed before a

dialysis session.

Statistical analyses

Baseline characteristics and clinical parameters are expressed

as the means ± standard deviations (SDs) or as the numbers of

patients and percentages. Analysis of independent t-test and chi-

square test were used to compare variables between patients alive

and deceased. Cox regression analyses are used to explore the

association between muscle mass, muscle strength and physical

performance with mortality, presented as hazard ratios with 95%

confidence intervals. Kaplan-Meier curves were generated to assess

the probabilities of the patient outcomes according to categorical of

SPPB, and the Cox proportional hazardsmodel was used for further

multivariate adjustments with possible confounders including age,

sex, BMI, IPAQ, Kt/v, albumin, hemoglobin, smoking, fall history,

depression, malnutrition, and Charlson comorbidity index. The C

-index was defined as the area under the ROC curves between

individual measurement predictive probabilities for mortality.

We further used C-index to identify the physical performance

best correlated with all-cause mortality. Statistical analyses were

performed using IBM SPSS Statistics v26.0 (SPSS Inc., Chicago,

Illinois, United States). P < 0.05 was considered to indicate

statistical significance.

Results

Baseline characteristics

The baseline characteristics of the study patients were presented

in Table 1. Among the 923 patients (565 men), the mean age

was 61.3 ±12.7 years. The median dialysis vintage was 45.12

months (range 22.19–92.80 months), and the mean BMI was

23.34 ± 3.82 kg/m2. Deceased patients were significantly older,

and they tend to fall, depressed, malnourished and smoke

(P < 0.05). Furthermore, BMI, IPAQ, handgrip strength, gait

speed, TUGT, SPPB, hemoglobin levels, albumin levels and Kt/v

were significantly lower in deceased patients than in patients

alive (P < 0.05).

Physical performance is associated with
poor survival

During a median follow-up of 14 months (10th percentile-

90th percentile, 12–17 months), 79 patients (8.6%) died. The

associations between muscle strength and different measurements

of physical performance and mortality are presented in Table 2.

After adjustments for potential confounders (age, sex, BMI, IPAQ,

Kt/v, albumin, hemoglobin, smoking, fall history, depression,

malnutrition, and Charlson comorbidity index), handgrip strength

(HR = 0.96, 95% CI 0.92–0.99), gait speed (HR = 0.40, 0.18–0.92),

TUGT (HR = 1.03, 1.01–1.04) were significantly associated with
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TABLE 1 Baseline characteristics of study participants according to the presence of mortality.

Characteristics Total Alive Deceased P value

(n = 923) (n = 844) (n = 79)

Age (y) 61.3± 12.7 60.8± 12.7 67.0± 11.3 <0.001

Male (%) 565 (61.2) 512 (60.7) 53 (67.1) 0.262

Dry weight (kg) 62.95± 12.88 63.18± 12.70 60.46± 14.48 0.072

BMI (kg/m2) 23.34± 3.82 23.44± 3.78 22.25± 4.10 0.008

Vintage (months) 45.12 (22.19, 92.80) 45.83 (23.13, 94.80) 39.2 (17.37, 70.13) 0.087

IPAQ (Met-min/wk) 1,386 (594, 3,066) 1,386 (693, 3,273) 660 (0, 1,533) <0.001

Education (%) 0.062

Less than high school 214 (23.2) 189 (22.4) 25 (31.6)

High school or higher education 709 (76.8) 655 (77.6) 54 (68.4)

Drinking (%) 11 (1.2) 11 (1.3) 0 (0.0) 0.421

Smoking (%) 200 (21.7) 180 (21.3) 20 (25.3) <0.001

SMI (kg/m2) 7.00± 1.21 7.02± 1.20 6.77± 1.35 0.077

Handgrip strength (kg) 24.81± 8.80 25.17± 8.74 20.93± 8.53 <0.001

Gait speed (m/s) 0.97± 0.31 0.99± 0.29 0.79± 0.36 <0.001

TUGT(s) 10.26± 7.90 9.76± 6.51 15.56± 15.77 <0.001

SPPB 9.57± 2.96 9.80± 2.73 7.05± 4.04 <0.001

Fall history (%) 329 (35.6) 288 (34.1) 41 (51.9) 0.002

Depression (%) 388 (42.0) 340 (40.3) 48 (60.8) <0.001

Malnutrition (%) 252 (27.3) 214 (25.4) 38 (48.1) <0.001

Number of medications (n) 4.49± 2.45 4.46± 2.44 4.72± 2.55 0.371

Charlson comorbidity index 3.87± 1.72 3.80± 1.71 4.58± 1.66 <0.001

Laboratory parameters

Hemoglobin (g/dL) 110.78± 16.29 111.25± 15.96 105.79± 18.92 0.004

Albumin (g/L) 39.41± 3.61 39.59± 3.44 37.47± 4.66 <0.001

PTH (pg/dL) 356.86± 329.28 361.83± 330.38 300.76± 313.36 0.129

Calcium (mg/dL) 2.28± 0.26 2.27± 0.26 2.31± 0.31 0.270

Phosphorus (mg/dL) 1.93± 0.65 1.94± 0.64 1.88± 0.81 0.449

Kt/v 1.36± 0.33 1.37± 0.33 1.27± 0.29 0.013

BMI, body mass index; Kt/v, fractional clearance index for urea; SMI, skeletal muscle index; TUGT, timed up and go test; SPPB, Short physical performance battery; MIS, Mini Nutritional

Assessment-Short Form; IPAQ, international physical activity questionnaire; Met-min/wk, metabolic equivalent task minutes per week; PTH, parathyroid hormone.

depressive symptoms. In the adjusted Cox regression model

by SPPB categories, patients with very low (score 0–3) had

significantly higher risks of death (HR = 3.98, 1.99–7.95).

Survival curves of patients by SPPB categories are shown in

Figure 2. Survival curves differed significantly at the log-rank

test (P < 0.001).

Predictive values of physical performance
measurements for mortality

With regard to model discrimination, the C-index of the

physical performance (C-index for TUGT: 0.678; SPPB: 0.709)

were significantly higher than the muscle strength (C-index for

handgrip strength: 0.635) (TUGT vs. handgrip strength: P=

0.046; SPPB vs. handgrip strength: P = 0.020), and there was no

significant between the handgrip strength and gait speed (C-index

for handgrip strength: 0.635; gait speed: 0.678; P = 0.195, Table 3).

However, there was no significant difference among the different

measurements of physical performance in the values of C-index

for mortality.

Discussion

This prospective cohort study demonstrated the influence

of muscle strength and physical performance on the mortality
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TABLE 2 Cox regression model for the physical performance indexes as a predictor for the risk of mortality.

Variables Hazard ratio (95% CI)

Crude P Adjusted Model P

SMI 0.83 (0.69, 1.01) 0.058 0.86 (0.66, 1.14) 0.297

Handgrip strength 0.94 (0.92, 0.97) <0.001 0.96 (0.92, 0.99) 0.040

Gait speed 0.13 (0.07, 0.26) <0.001 0.40 (0.18, 0.92) 0.031

TUGT 1.04 (1.03, 1.05) <0.001 1.03 (1.01, 1.04) 0.001

SPPB

Very low (0–3) (n= 58) 8.70 (4.93, 15.36) <0.001 3.98 (1.99, 7.95) <0.001

Low (4–6) (n= 84) 3.03 (1.55, 5.92) 0.001 1.61 (0.76, 3.41) 0.210

Moderate (7–9) (n= 188) 1.83 (1.01, 3.23) 0.046 1.32 (0.69, 2.51) 0.398

Good (10–12) (n= 593) 1 1

Adjusted model: Adjusted for age, sex, BMI, IPAQ, smoking, falling history, depression, malnutrition, Charlson comorbidity index, hemoglobin, albumin and Kt/V. SMI, skeletal muscle index;

TUGT, timed up and go test; SPPB, Short physical performance battery; BMI, body mass index; Kt/v, fractional clearance index for urea; IPAQ, international physical activity questionnaire.

FIGURE 2

Kaplan Meier survival curves for all-cause mortality according to SPPB.

TABLE 3 Predictive values of muscle strength and physical performance measurements for mortality according to the C-index.

Variables C-index SE P

Handgrip strength 0.635 (0.603, 0.666) 0.0329 Ref

Gait speed 0.678 (0.646, 0.708) 0.0332 0.195 Ref

TUGT 0.700 (0.669, 0.729) 0.0314 0.046 0.293 Ref

SPPB 0.709 (0.679, 0.738) 0.0317 0.020 0.121 0.637

TUGT, timed up and go test; SPPB, Short physical performance battery.

risk in patients on maintenance hemodialysis, and supports the

physical performance had superior prognostic discrimination

for mortality, which deserved as an effective, costless and

easily feasible screening strategy in this population. In

contrast, no association was observed between muscle mass

and mortality.
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In line with our findings, recent studies suggest that

muscle strength and physical performance were associated with

mortality in hemodialysis patients (13, 14). These studies didn’t

comprehensively take into account the various domains of physical

performance indicators but only focused on one or two domains of

physical performance, such as gait speed. Our study also identified

that very low physical performance in the SPPB, as well as gait

speed and TUGT, were associated with lower survival and a

higher risk of death. In addition, we observed that there was

no association between muscle mass and mortality in our study,

which was consistent with previous studies (8, 18). However,

conflicting results have also been reported. Yajima et al. (16) and

Fukasawa et al. (17) demonstrated that higher muscle mass was

independently associated with reduced risks of all-cause mortality

in hemodialysis patients. The main reasons for the differences are

geographical differences and small population samples. In their

study, the sample sizes were 162 and 81 respectively, which were

significantly lower than the sample sizes of this study. Recent study

has shown a strong association between sarcopenia and mortality

in patients undergoing hemodialysis (27), so the association

between muscle mass, one of the primary diagnostic factors

for sarcopenia, and mortality needs to be further confirmed in

the future.

Although the clinical relevance of muscle strength and physical

performance as predictors of mortality in hemodialysis patients

has been documented in previous studies, to date there have

been no direct comparisons of the two tests. Interestingly, our

results suggest that physical performance had superior prognostic

discrimination for mortality than muscle strength. The possible

reason may be that muscle function of lower extremities might

be more important than that of the upper extremities regarding

the patients’ adverse outcomes. Previous research reported a

discrepancy in upper and lower strength in a CKD cohort

study (28), and other studies also revealed that muscle function

in the lower extremities but not in the upper extremities was

related to overall physical performance (29), suggesting the

clinical importance of lower extremity performance. Furthermore,

Johansen et al. found that physical performance such as gait speed

declined frequently while handgrip strength didn’t change over

time among the hemodialysis patients (30). In that study, physical

performance was the strongest predictor of mortality, which is

similar to our results. Thus, we believe that monitor physical

performance has the potential to be a valuable tool for continuous

risk stratification of hemodialysis population.

Regarding the prognostic discrimination of different physical

performance indicators for mortality, although SPPB showed the

highest C index, it was not significantly different from gait speed

and TUGT. The SPPB is an easy-to-apply instrument that includes

balance, gait and lower strength, and has been used to evaluate

the level of physical performance in different settings (31, 32).

Our results show that patients with very low (score 0–3) by SPPB

categories had significantly higher risks of death (HR= 3.98, 1.99–

7.95). The cutoff points could help to identify hemodialysis with a

higher risk of death at an early stage, given the easy applicability of

the SPPB. Of note, SPPB includes three subtests, which would also

take longer time to test than gait speed and TUGT. In the future, we

need to consider whether isolated gait speed and TUGT would be

useful to establish the predictive power for mortality, because there

are advantages regarding time and costs to performing one test in

an isolated manner compared to the entire SPPB.

Our study has several strengths. This is a multicenter study

that comprehensively consider the association of muscle mass,

muscle strength and various domains of physical performance

indicators with mortality in hemodialysis population. In addition,

most recognized confounders were taken into account into Cox

regression models to analyze the independent association of

physical performance and mortality in this study. Despite extensive

efforts to curb study limitations, some limitations of this study

should be considered. There is a concern about selection bias

because patients who were incapable of performing the muscle

strength and physical performance tests were excluded from our

study. Second, our study was limited to Chinese patients on

hemodialysis, thereby limiting the generalizability of our findings

to the broader international hemodialysis population.

Conclusion

Our study suggest that muscle strength and physical

performance rather than muscle mass were significantly associated

with all-cause mortality in hemodialysis patients. Furthermore,

physical performance had superior prognostic discrimination for

mortality than muscle strength, which is effective, costless and

easily feasible screening strategy for better patient assessment and

individualized care.
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Exercise is an e�ective method for the prevention and treatment of sarcopenia,

which can improve skeletal muscle mass, strength and physical function in

individuals with sarcopenia to varying degrees. Moreover, exercise has an

important role in improving ability to perform daily activities and quality of life

on sarcopenia. In this study, articles and review articles on exercise interventions

for sarcopenia from January 2003 to July 2022 were retrieved from the Web of

Science core collection. Then, the number of annual publications, journal/cited

journal, country, institution, author/cited author, references and keywords were

analyzed using CiteSpace 6.1.R2. A total of 5,507 publications were collected and

the number of publications increasing each year. Experimental Gerontology was

the most productive journal and the most cited journal was J GERONTOL A-BIOL.

The United States of America was the most influential country with the largest

number of publications and centrality. Maastricht University in the Netherlands

is the most productive institution. The author VAN LOON LJC has the highest

ranking in terms of publications and CRUZ-JENTOFT A is ranked first in terms

of cited authors. The most frequently occurring keywords in the field of exercise

interventions for sarcopenia are “skeletal muscle,” “exercise,” “body composition,”

“strength,” and “older adult”; the keyword “elderly men” showed the strongest

explosive intensity. The keywords formed 6 clusters, namely “skeletal muscle,”

“muscle strength,” “heart failure,” “muscle protein synthesis,” “insulin resistance”

and “high-intensity interval training.” In conclusion, this study demonstrates a new

perspective on the current state of research and trends in exercise interventions

for sarcopenia over the past 20 years via the visualization software CiteSpace. It

may help researchers to identify potential collaborators and partner institutions,

hotspots and research frontiers in the field of exercise interventions for sarcopenia.

KEYWORDS

sarcopenia, exercise, skeletal muscle, bibliometric analysis, CiteSpace

1. Introduction

Sarcopenia is defined as age-related loss of muscle mass, plus low muscle strength,

and/or low physical performance by the Asian Working Group for Sarcopenia (AWGS)

(1). With the increasing aging of the global population, sarcopenia has become a common

disease in the elderly, which not only increases the risk of falls, disability and death (2),

but is also associated with a significantly higher risk of cardiovascular disease (3, 4).

Sarcopenia seriously impair the physical health and quality of life of the elderly. Therefore,

it is necessary to find and develop low-cost, easily accessible rehabilitation methods for

sarcopenia. However, there are no effective therapeutic drugs for sarcopenia (5) and exercise

plays an important role in its prevention and treatment. Physical activity is one of the
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recommendations for the management of sarcopenia, which

was given by the International clinical Practice Guidelines for

Sarcopenia in 2018 (6). The commonly used exercise methods

include resistance exercise, aerobic exercise, combination of

resistance and aerobic exercise, balance training, flexibility training

and other auxiliary exercise methods. These exercises have a

positive effect on increasing muscle mass and strength in patients

with sarcopenia. These exercises have a positive effect on increasing

muscle mass and strength in people with sarcopenia.

Therefore, it is necessary to conduct a comprehensive summary

of the research about exercise interventions for sarcopenia. This

study used the visualization software CiteSpace to analyze 5,507

retrieved records from January 2003 to July 2022 related to

exercise interventions for sarcopenia. Based on a visual bibliometric

analysis of the literature from the perspectives of the number

of annual publications, countries, institutions, authors, keywords

and citations, show the current status and development trend of

exercise interventions for sarcopenia. The purpose of this study is to

provide a reference for future research about exercise interventions

for sarcopenia.

2. Materials and methods

2.1. Database selection

In this study, the Web of Science (WOS) core collection was

selected as the data source. Web of Science, as a high-quality

digital literature resource database, has been accepted by many

researchers. Furthermore, the Web of Science Core Collection has

a rigorous selection process based on law of Bradford and includes

only the most important scholarly journals in each subject area.

Web of Science core collection is regarded as the most suitable

database for bibliometric analysis (7).

2.2. Search strategy

The search strategy we used was entering the search expression:

Topic = (sarcopenia) AND Topic = (“exercise” OR “training” OR

“sport” OR “movement” OR “motion”) in the Web of Science

core collection. The scope of topic search includes the following

fields: title, abstracts, author keywords, and keywords plus. At

the time of retrieval, the publication date of the literature was

unrestricted. The retrieval date was July 24, 2022. The literature

type was selected as article and review article, and the language

chose English. Finally, we obtained a total of 5,507 publications

related to exercise interventions for sarcopenia.

2.3. Data standardization

All bibliometric records of the 5,507 retrieved literature were

downloaded as “full records and cited references” from SCIE.

Microsoft Excel 2021 (Microsoft Corporation, Redmond, WA,

USA) and CiteSpace 6.1.R2 (Drexel University, Philadelphia, PA,

USA) were used to standardize, analyze, and visualize the records.

All records need to be standardized before the bibliometric

analysis. Above all, CiteSpace was used to remove the potential

duplicate records. Since different names may appear for specific

authors or institutions and lead to computational errors,

we manually screened the names of identified authors and

institutions with high publication volumes and merged the

information after confirming that it came from the same author

or institution.

2.4. Bibliometric analysis

Descriptive analyses of bibliometric indicators, including the

annual number of publications, journals, countries, authors and

keywords were analyzed in Microsoft Excel 2021.

In this study, CiteSpace was used to draw the knowledge

maps, and the co-occurrence network maps of annual publications,

journals, countries, institutions, authors, references and keywords

were constructed. CiteSpace is a Java-based application, developed

by Professor Chaomei Chen, which visualizes interrelationships

between scientific articles according to their co-citation patterns

(8, 9). The visual knowledge maps display the networks as

the commonly seen types of node-and-link diagrams. Nodes

in different networks can represent different elements, such

as country, author, institution and keyword. The size of the

node, which generally indicates the frequency of citation or

appearance, and the different colors of the nodes indicate different

years. The warmer the color, the more recent the year, and

the cooler the color, the more distant the year. Links between

nodes indicate collaboration or co-occurrence or co-referencing

relationships. The purple ring represents centrality, and nodes with

high centrality (>0.1) are usually considered as key points or

turning points in a specific domain. The version of the software

is constantly updated, and the version used in this study is

6.1.R2 (64-bit).

3. Results

3.1. Analysis of annual publications

There are 5,507 records related to exercise interventions for

sarcopenia in the Web of Science core collection. The number

of publications displayed by year is shown in Figure 1. From the

figure, we can see the literature in this field was first published

in 2003, and the number of publications has increased year

by year. The number of publications in 2022 is only counted

from January to July, but it is predicted that the number of

publications in 2022 will also show an upward trend. From

2003 to 2013, the number of publications was small, but the

overall trend was on the rise, indicating that the research related

to exercise interventions for sarcopenia gradually attracted the

attention of researchers during this period. After 2013, the

number of publications increased rapidly, indicating that the

research in this field has been highly valued by researchers

at this stage, and exercise rehabilitation has become the focus

of sarcopenia.
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FIGURE 1

Annual number of published articles from 2003 to 2022.

TABLE 1 Top five most productive journals related to exercise interventions for sarcopenia.

Rank Publication Journal IFa

1 225 Experimental Gerontology 4.253

2 191 Nutrients 6.706

3 121 Journal of Cachexia Sarcopenia and Muscle 12.063

4 115 PLoS ONE 3.752

5 85 Journals of Gerontology Series A-Biological Sciences and Medical Sciences 6.591

aIF, impact factor; IF in category according to Journal Citation Reports (2021).

3.2. Analysis of journals and cited journals

The top five journals with the largest number of published

exercise interventions for sarcopenia studies are listed in Table 1.

Among these five journals, Experimental Gerontology, Journals

of Gerontology Series A-Biological Sciences and Medical Sciences

are geriatrics journals. Journal of Cachexia Sarcopenia and Muscle

is a journal named sarcopenia. Nutrients and PLoS ONE are

general journals.

Moreover, the cited journal map was generated by CiteSpace

(Figure 2), yielding 1,166 nodes and 11,707 links. The nodes in

the map represent journals, and links between nodes represent

co-citation relationships. As can be seen from the figure, there

is no purple ring in these nodes, indicating that the centrality of

these cited journals is not high, and ANNSURG with the highest

centrality is only 0.05. The top 10 journals related to exercise

interventions for sarcopenia are listed in Table 2.

3.3. Analysis of countries

To understand which countries are most prominent in the

field of exercise interventions for sarcopenia, we used CiteSpace

to generate a country map (Figure 3). The 5,507 records were

published in 84 countries, and the top five countries of publications

are listed in Table 3. The United States of America was the

country with the largest number of publications, accounting

for about a third of the articles (1,619). Japan and England

ranked second and third, respectively, followed by China

and Italy.

As shown in Figure 3, the nodes represent countries, and the

purple rings indicated the centrality of the literature. The top five

countries in centrality are Australia (0.27), Spain (0.2), England

(0.19), USA (0.17), and France (0.13). The United States of America

has an advantage in numbers, while Australia has an advantage

in importance. In the following years, exercise interventions for

sarcopenia has attracted increasing attention in Asian countries

such as China and South Korea.

3.4. Distribution of institutions

Among the 607 institutions with the highest attention in the

field of exercise interventions for sarcopenia, the top 5 institutions

are all comprehensive universities (Figure 4). They are Maastricht

University, University of Florida, University of Melbourne, Tufts
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FIGURE 2

Map of cited journals for exercise interventions for sarcopenia from 2003 to 2022.

TABLE 2 Top 10 cited journals related to exercise interventions for

sarcopenia.

Rank Frequency Cited journal

1 3,433 J Gerontol A-Biol

2 3,059 J Appl Physiol

3 2,418 J Am Geriatr Soc

4 2,363 Age Aging

5 2,351 PLoS ONE

6 2,214 Am J Clin Nutr

7 1,966 Med Sci Sport Exer

8 1,931 Exp Gerontol

9 1,798 Am J Physiol-Endoc M

10 1,778 J AmMed Dir Assoc

University, and McMaster University. The only two universities

with centrality >1 were Tufts University (0.12) and the University

of Florida (0.1). The number of publications and centrality analysis

show that the main research institutions in this field are Tufts

University and the University of Florida, which form the core of

the complex cooperative network. Tufts previous research focused

on sarcopenia diagnosis, nutrition and exercise interventions,

body composition, and osteoporosis combined with sarcopenia.

In recent years, however, Tufts has shifted its focus to the role of

gut microbiota on muscle mass and strength in sarcopenia. The

exercise interventions for sarcopenia research at the University

of Florida mainly involves the combination with chronic

diseases, inflammation, mitochondrial function, oxidative stress

and so on.

3.5. Analysis of authors and cited authors

The authors of the 5,507 records were analyzed, and 1,019

nodes and 3,517 links were obtained (Figure 5), indicating that

5,507 articles were published by 1,019 authors. The top five authors

were VAN LOON LJC (53), PHILLIPS SM (37), EMANUELE

MARZETTI (36), VON HAEHLING S (35), and ANKER SD

(34). The research focus of VAN LOON LJC and PHILLIPS

SM is similar, mainly focusing on the effects of exercise (10),

protein supplementation on muscle protein synthesis (11–15) and

muscle strength (16) in sarcopenia. PHILLIPS SM mainly focuses

on nutritional supplements in support of resistance exercise to

sarcopenia (17–20). EMANUELE MARZETTI not only focused on

physical activity and exercise (21), but also analyzed biomarkers of

frailty and sarcopenia to provide a reference for the diagnosis and

detection of sarcopenia (22–24). VON HAEHLING S focuses on

sarcopenia and cachexia caused by heart failure (25–28).

The map of cited authors is shown in Figure 6. CRUZ-

JENTOFT A had the highest citation counts (1,878), followed by

JANSSEN I, MORLEY J, BAUMGARTNER R, and VISSER M

(Table 4). Figure 6 shows that there is no purple ring, indicating that

the centrality of cited authors are all <0.1.

3.6. Analysis of cited references

Figure 7 is the cited reference co-citation map, yielding 1,618

nodes and 8,483 links. The two most frequently cited references

are those published by CRUZ-JENTOFT A in 2019 and 2010,

respectively (29, 30). These two articles detail the consensus on

definition and diagnosis for sarcopenia of the European Working

Group on Sarcopenia in Older People (EWGSOP) in 2019 and
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FIGURE 3

Map of countries for exercise interventions for sarcopenia from 2003 to 2022.

TABLE 3 Top five countries in the number of publications related to

exercise interventions for sarcopenia.

Rank Publications Country Earliest
publication year

1 1,619 USA 2003

2 612 Japan 2003

3 501 England 2004

4 489 Peoples R

China

2005

5 465 Italy 2003

2010. The third and fourth cited references detail the consensus

on the diagnosis and treatment for sarcopenia of the Asian

Working Group for Sarcopenia (AWGS), which was published

by Liang-Kung Chen et al. in 2014 and 2020, respectively (1,

31). The fifth cited references was the expert consensus on the

definition, prevalence, etiology and outcome for sarcopenia of the

International Working Group on Sarcopenia published by Fielding

R in 2011 (32). It can be seen that there is no unified definition

and diagnostic criteria for sarcopenia at present, furthermore

they are constantly updated. Different countries and regions may

choose different diagnostic criteria. However, these working groups

provide information on the definition, diagnosis and intervention

of sarcopenia, which is a valuable reference for researchers engaged

in sarcopenia.

The article published by Koopman R in 2009, with a centrality

of 0.17, ranked first in cited references, which expounded

the relationship between aging, exercise and muscle protein

metabolism (33). This article pointed out that aging is accompanied

by a steady loss of skeletal muscle mass and strength, age-related

skeletal muscle mass loss due to interruptions of skeletal muscle

protein turnover adjust to imbalances between muscle protein

synthesis and degradation.

We also performed cluster analysis on the cited references to

clarify the topic and time distribution of these cited references

(Figure 8). In this clustering map, the Q value is 0.6939 and

S value is 0.8654, indicating than the clustering effect is valid

and the credibility is high. A color region in the clustering map

represents a topic. As can be seen from the color in the map, the

topics of cited references focus on “resistance training,” “apoptosis,

mitochondria,” “skeletal muscle,” “protein,” “amino acid,” “heart

failure,” “cirrhosis,” “proteomics,” “monoclonal antibody,” and

“machine learning.”

3.7. Analysis of keywords

It was considered that the increased frequency of keywords can

reflect hot topics, and burst keywords which are cited frequently

over a period of time could indicate frontier topics. We generated

the network map of keywords, yielding 768 nodes and 9,176 links

(Figure 9). A total of 768 research keywords were identified in

the field of exercise interventions for sarcopenia, which reveals

the hottest topics. According to the frequency and centrality of

keywords (Table 5), it can be seen that the hot keywords are

“sarcopenia,” “skeletal muscle,” “exercise,” “body composition,”

“strength,” “older adult,” “physical activity,” “mass” and “resistance

exercise,” while “resistance exercise” has a high frequency and

centrality. The strength and mass of skeletal muscle are the focus

of attention in sarcopenia. Therefore, the ultimate goal of any

intervention is to improve the strength and mass of skeletal

muscle, in order to improve the physical function of sarcopenia.

Exercise is the most commonly used, easy to achieve, and effective

method of sarcopenia rehabilitation. Resistance exercise is the most

commonly used in the clinic, which has a significant effect on

increasing the mass and strength of skeletal muscle.

The top 25 keywords with the strongest burst were obtained

by time series burst detection of highly cited keywords (Figure 10).

Among these keywords, “elderly men,” “young,” “age,” “men,”

“old rat” are subjects of exercise rehabilitation studies for

sarcopenia, “growth factors,” “protein synthesis,” “messenger rna,”

“hypertrophy,” “growth hormone,” “satellite cell,” “necrosis factor
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FIGURE 4

Map of institutions researching exercise interventions for sarcopenia from 2003 to 2022.

FIGURE 5

Map of authors related to exercise interventions for sarcopenia from 2003 to 2022.

alpha,” “necrosis factor alpha,” “igf i,” “myosin heavy chain,” “caloric

restriction,” “essential amino acid” are the key research directions.

The keyword “elderly men,” which emerged since 2003, showed the

strongest citation burst of 27.33. The second most hot word was

“growth factor” with strength of 21.68.

The most recent burst keywords were “Asian working group”

and “consensus.” “Asian working group” means the Asian

Working Group for Sarcopenia. In 2019, the Asian Working

Group for Sarcopenia released the latest expert consensus on

the diagnosis and treatment of sarcopenia (1), the highlight of

which is that medical institutions at different levels should adopt

different diagnostic strategies. The expert consensus also give

detailed diagnosis and treatment methods for sarcopenia. At the

same time, the diagnostic threshold is also updated, which is

more operable.

Cluster analysis and summary of these keywords can provide

a more intuitive understanding of the current Research Topics

related to exercise rehabilitation of sarcopenia (Figure 11). After

clustering, theQ-value is 0.3397 and the S-value is 0.669, indicating

that clustering is appropriate and meaningful. A total of six

clusters were generated to reflect the hot trends, and they

are “skeletal muscle,” “muscle strength,” “heart failure,” “muscle

protein synthesis,” “insulin resistance” and “high-intensity interval

training.” From the timeline view (Figure 12), “insulin resistance”

and “high-intensity interval training” are the latest studies, while

“skeletal muscle” and “muscle strength” appear earlier.
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FIGURE 6

Map of cited authors related to exercise interventions for sarcopenia from 2003 to 2022.

TABLE 4 Top five frequency and centrality of cited authors.

Rank Frequency Author Rank Centrality Author

1 1,878 Cruz-Jentoft A 1 0.05 Fielding R

2 1,107 Janssen I 2 0.05 Yarasheski K

3 820 Morley J 3 0.05 Bhasin S

4 781 Baumgartner R 4 0.05 Mcpherron A

5 588 Visser M 5 0.04 Marzetti E

FIGURE 7

Map of cited references for exercise interventions for sarcopenia from 2003 to 2022.
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FIGURE 8

The clustering map of cited references related to exercise interventions for sarcopenia from 2003 to 2022.

FIGURE 9

Map of keywords to exercise interventions for sarcopenia from 2003 to 2022.

4. Discussion

4.1. General knowledge structure in
exercise interventions for sarcopenia
research

Exercise is a significant rehabilitation method for sarcopenia,

which has received wide attention and is the key research direction

of sarcopenia. Exercise rehabilitation has the advantages of easy

operation and personalized exercise prescription. In this study,

5,507 records on exercise interventions for sarcopenia from

January 2003 to July 2022 were retrieved from the Web of

Science core collection. Based on the bibliometrics analysis of

CiteSpace, we have clarified the spatial and temporal distribution

and research hotspots of exercise interventions for sarcopenia. In

the past 20 years, publications related to exercise interventions

for sarcopenia have grown rapidly. In this study, the Journal

of Experimental Gerontology published the most articles (225),

and J GERONTOL A-BIOL was the biggest cited (3,433). The

countries and institutions that carry out exercise interventions for

sarcopenia research had relatively close cooperation. Generally, the

United States of America, Australia, and some other European
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FIGURE 10

Top 25 keywords with the strongest citation burst.

countries, with a high publication rate and centrality, all developed

countries, were leading the field of exercise interventions for

sarcopenia. The most productive institution was Maastricht

University in the Netherlands. A total of 1,019 authors from

different countries conducted studies on exercise interventions

for sarcopenia. Of these authors, VAN LOON LJC was the most

productive author, while CRUZ-JENTOFT A ranked first among

cited authors. The cited reference with the highest centrality

was a review, which focuses on the relationship between aging,

exercise and muscle protein metabolism, published by Koopman

R in 2009. Cluster analysis of the cited literature show that

the most recently cited hot topics, respectively, were “resistance

training,” “apoptosis, mitochondria,” “skeletal muscle,” “protein,”

“amino acid,” “heart failure,” “cirrhosis,” “proteomics,” “monoclonal

antibody,” and “machine learning.”

The hot keywords in the field of exercise interventions

for sarcopenia are “sarcopenia,” “skeletal muscle,” “exercise,”

“body composition,” “strength,” “older adult,” “physical

activity,” “mass,” and “resistance exercise.” The keyword

“elderly men” showed the strongest citation burst, and the

second outbreak word was “growth factor.” A total of six

clusters were formed, which, respectively, were “skeletal

muscle,” “muscle strength,” “heart failure,” “muscle protein

synthesis,” “insulin resistance” and “high-intensity interval

training.” The keywords of “growth factors,” “protein synthesis,”

“messenger rna,” “hypertrophy,” “growth hormone,” “satellite

cell,” necrosis factor alpha,” “necrosis factor alpha,” “igf i,”

“myosin heavy chain,” “caloric restriction,” “essential amino

acid,” suggest the mechanisms or targets of exercise interventions

for sarcopenia.
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TABLE 5 Top 10 frequency and centrality of keywords to exercise interventions for sarcopenia.

Rank Frequency Keyword Rank Centrality Keyword

1 1,692 Sarcopenia 1 0.05 Growth factor

2 1,544 Skeletal muscle 2 0.04 Growth hormone

3 1,020 exercise 3 0.04 Apoptosis

4 898 Body composition 4 0.04 Caloric restriction

5 719 Strength 5 0.04 Necrosis factor alpha

6 685 Older adult 6 0.03 Resistance exercise

7 627 Physical activity 7 0.03 Insulin resistance

8 485 Mass 8 0.03 Young

9 474 Resistance exercise 9 0.03 Protein synthesis

10 433 Muscle strength 10 0.03 Age related change

4.2. Main types of exercise for sarcopenia
rehabilitation

Exercise therapy is an effective method to prevent and treat

sarcopenia (34–39). The commonly used exercise methods include

resistance exercise, aerobic exercise, combination of resistance

and aerobic exercise, and other auxiliary exercise methods. The

keyword related-information in this study shows that resistance

exercise is the most commonly used.

4.2.1. Resistance exercise
Resistance exercise as an effective way to enhance skeletal

muscle protein synthesis, stimulate muscle hypertrophy and

improve muscle strength, is the best-recommended exercise for

sarcopenia (40–44). The resistance overcome during resistance

exercise can be constant or incremental, which can be chosen

according to the actual situation of the individuals. The types

of exercises include weight lifting, seated leg lifts, static squats

against the wall, stretching elastic bands, etc. For individuals with

severe sarcopenia, rehabilitation equipment is often used to assist

in training. The most recommended rehabilitation program for

elderly participants with sarcopenia is at least 8 weeks, 3–4 times per

week, actions at intensities of 40–60% of 1-repetition maximum,

and for the untrained elderly, the exercise dose can be reduced to

2–3 times per week (45).

4.2.2. Aerobic exercise
Although aerobic exercise cannot stimulate muscle

hypertrophy, it can enhance muscle endurance level and

muscle contraction capacity by effectively inhibiting the expression

of apoptotic factors, improving cell mitochondrial quality and

enhancing the activity of metabolic enzymes, thus maintaining

muscle function and improving cardiorespiratory endurance

(46). Aerobic exercise for about 30min a day, 3 times a week, for

more than 5 months can significantly improve the symptoms and

prognosis of sarcopenia (37). Common aerobic exercises include

walking, brisk walking, jogging, cycling, swimming, dancing, tai

chi, setting-up exercise and some small-ball sports, etc. Participants

FIGURE 11

The clustering map of keywords related to exercise interventions for

sarcopenia.

can choose according to their own situation and interest. Aerobic

exercise should start with low-intensity exercise (40% of maximum

heart rate), lasting 5–10min per day; medium intensity (50–60%

of maximum heart rate), at least 10min per time, 5 days per week;

high intensity (>60% of maximum heart rate), at least 20–30min

per time, at least 3 days per week (47).

4.2.3. Combination of resistance and aerobic
exercise

Resistance exercise can significantly increase muscle mass

and strength, but the effect of improving cardiopulmonary

endurance is not significant. Aerobic exercise can effectively

improve cardiopulmonary endurance, but the improvement of

muscle function is limited. Furthermore, the single exercise mode

is easy to produce muscle fatigue, lack of fun, and it is difficult for

participants to adhere for a long time. Therefore, multi-component

exercise is often used clinically to intervene in participants

with sarcopenia, such as moderate resistance training, aerobic

+ resistance training, resistance + balance + gait training and

resistance training + outdoor activities, etc. The multi-exercise
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FIGURE 12

The timeline view of keywords related to exercise interventions for sarcopenia.

approach is not only effective, but also more stimulating to

participants’ interest in exercise (44, 48).

4.2.4. Other auxiliary exercise
Participants with sarcopenia have a gradual loss of balance

ability and postural control disorders, which become important

factors leading to fall and poor physical flexibility (49, 50).

Therefore, it is recommended that older adults perform balance

training, such as cross-pacing and tai chi (51), more than three

times a week as a way to reduce the risk of falls. At the same

time, a cumulative total of at least 2 weeks of flexibility training

should be conducted each month, with a moderate to light dose

of 10min each time, including the neck, shoulders, kinesiology,

knees and other joint parts (52). For elderly people who are

constrained by physical conditions or unwilling to carry out

dynamic exercise training, whole body vibration therapy can be

used to stimulate themuscles, which can also achieve desired results

(53–55). In addition, participants with sarcopenia should try to

reduce sedentary and bed-ridden in daily life, and should increase

the frequency of daily activities, such as gardening, traveling,

housework, shopping, climbing stairs, etc., which can play a role

in exercising limb strength.

In this study, six clusters were obtained after cluster analysis

of keywords. One of the keywords was high-intensity interval

training (HIIT), which has attractedmuch attention in recent years.

Multimodal HIIT has a combination of aerobic and anaerobic

performance effects, and has significant effects on improving

muscle strength and muscle endurance. HIIT also produce

beneficial effects on cardiorespiratory fitness, physical fitness,

muscle strength, cardiac contractile function, mitochondrial citrate

synthase activity, and lowering blood triglyceride and glucose levels

in older adults (56). However, it is worth mentioning that HIIT,

as a high-intensity exercise mode, should only be performed by

participants with sarcopenia after a systematic physical assessment

to determine the appropriate exercise dose. Currently, there are

no studies directly targeting participants with sarcopenia for high-

intensity interval training due to safety reasons (57).

In addition, the results of several studies confirm that exercise

combined with nutritional supplementation is the best choice for

the rehabilitation of sarcopenia. Supplementation with protein,

amino acids, vitamin D and other nutrients along with exercise

intervention can promote muscle protein synthesis, muscle cell

proliferation and differentiation, significantly delaying muscle

aging (19, 58–61).

4.3. Future trends

Timeline view analysis and burst detection methods were used

to identify cutting-edge content and reveal future trends. From

Figure 12, we found that heart failure, muscle protein synthesis,

insulin resistance, and high-intensity interval training are the hot

spots of research in recent years. With the emergence of diversified

exercises and their good results in the rehabilitation of sarcopenia,

researchers are increasingly concerned about the mechanism of

action and safety of exercise for sarcopenia. Sarcopenia was

a common condition in participants with heart failure, and

heart failure can induce sarcopenia. Therefore, early detection of

sarcopenia and appropriate interventions are important in heart

failure (62–64). The aim of exercise interventions for sarcopenia is

to improve muscle mass and strength. The analysis of timeline view

revealed that protein synthesis and insulin resistance are closely

related to muscle mass and strength, which provides a direction to

study the mechanism of exercise interventions for sarcopenia.

4.4. Strengths and limitations

This study summarized the hotspots and research trends of

exercise for sarcopenia, and provided a meaningful reference for

the research in this field. However, this study also has some

limitations. Firstly, we only analyzed data from the Web of

Science core collection. Searches are not selected in PubMed,

Scopus, or other databases. Second, the literature contains papers

in English only; the status of research on exercise interventions
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for sarcopenia in other language nations is not possible to

determine. Lastly, the number of citations and centrality of

articles may vary if the search is conducted at different time

periods. Therefore, this study only represents the hotspots in the

last 20 years.

5. Conclusion

This study uses the visualization software CiteSpace to identify

potential collaborators and partner institutions, hot topics and

new perspectives on research frontiers in the research of exercise

interventions for sarcopenia. Bibliometric analysis of the literature

shows that exercise, as the most significant intervention, remains

the most cutting-edge and critical component in the rehabilitation

of sarcopenia. Looking for scientific, effective and safe exercise

prescriptions will be the focus of future research. In conclusion,

our study provided a comprehensive landscape of the development

and identified the key features of exercise interventions for

sarcopenia over the past 20 years. This may provide a direction

for the exploration and development of exercise interventions

for sarcopenia.
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Hemoglobin level is negatively
associated with sarcopenia and its
components in Chinese aged 60
and above

Qiaoling Liu1†, Jiuhong You2†, Min Zhong3, Zhigang Wu4,

Yunjie Geng5 and Cheng Huang2,6*

1School of Cardiovascular and Metabolic Health, University of Glasgow, Glasgow, United Kingdom,
2Department of Rehabilitation Medicine, West China Hospital, Sichuan University, Chengdu, Sichuan,

China, 3Department of Geriatric Neurology, A�liated Brain Hospital of Nanjing Medical University,

Nanjing, Jiangsu, China, 4Department of Chemistry, Southern University of Science and Technology,

Shenzhen, Guangdong, China, 5Research Institute of Statistical Sciences, National Bureau of Statistics,

Beijing, China, 6Key Laboratory of Rehabilitation Medicine in Sichuan Province, West China Hospital,

Sichuan University, Chengdu, Sichuan, China

Introduction: Sarcopenia and low hemoglobin level are common in older adults.

Few studies have evaluated the association between hemoglobin level and

sarcopenia and with inconsistent findings. The multifaceted e�ects of sarcopenia

on the human body and the high prevalence of anemia in the Chinese population

make it necessary to explore the association between the two.

Methods: Using the China Health and Retirement Longitudinal Study (CHARLS),

we explored the association between hemoglobin with sarcopenia and its

components in the Chinese population aged 60 and above. Multivariate logistic

and Cox proportional hazards models were constructed to examine the

association of hemoglobin level with sarcopenia and sarcopenia components in

individuals aged 60 years or above. The subgroup analysis covered residence, body

mass index level, drinking status, and smoking statuswere conducted. The possible

di�erence of associations between sexes was also explored.

Results: With a total of 3,055 people, the hemoglobin concentration in people

without sarcopenia, possible sarcopenia, and sarcopenia are 14.34± 2.22, 14.64±

2.27, and 13.58 ± 2.02 g/dl, respectively. Cross-sectional analysis showed strong

evidence that hemoglobin was negatively associated with sarcopenia [Odds Ratio

(OR) = 0.95, 95% Confidence Interval (CI): 0.90–0.99] and low height-adjusted

appendicular skeletal muscle mass (OR = 0.91, 95% CI: 0.86–0.97). On average,

a per 1 g/dl higher hemoglobin level was associated with 5% lower odds of

sarcopenia (OR = 0.95, 95% CI: 0.90–0.98). The cohort study of 1,022 people

demonstrated a statistically significant negative association of hemoglobin level

with low physical performance [Hazard Ratio (HR) = 0.92, 95% CI: 0.85–0.99],

merely with sarcopenia (HR = 0.92, 95% CI: 0.84–1.00) and skeletal muscle mass

(HR = 0.95, 95% CI: 0.80–1.00). Sex-specific analysis suggested hemoglobin’s

association with sarcopenia, muscle mass, and physical performance in all sexes,

with weaker magnitudes in females. Hemoglobin in urban residents and people

with high bodymass index (BMI) has a largermagnitude of the negative association

with sarcopenia.

Discussion: Hemoglobin level associates with sarcopenia, muscle mass, and

physical performance in the Chinese population aged 60 and above, with sex-

specific, residence-specific, and BMI-specific e�ects.

KEYWORDS

China, adult, aging, hemoglobin, sarcopenia, epidemiology

Frontiers in PublicHealth 01 frontiersin.org38

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2023.1081843
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2023.1081843&domain=pdf&date_stamp=2023-03-13
mailto:chenghuang_scu@163.com
https://doi.org/10.3389/fpubh.2023.1081843
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1081843/full
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Liu et al. 10.3389/fpubh.2023.1081843

Introduction

Sarcopenia is a syndrome of progressive loss of muscle mass,

strength, and physiological function of the muscles as people age.

It associates with mortality and a decline in physical function. The

physical and functional decline associated with sarcopenia can have

serious negative impacts on an individual’s quality of life. People

suffering from sarcopenia often experience reduced independence,

which can lead to feelings of isolation and depression (1).

Additionally, they are more likely to suffer from chronic illnesses,

such as type 2 diabetes mellitus and heart failure, which can further

reduce their quality of life (2, 3).

The prevalence of sarcopenia in older Asian individuals ranges

between 2.5 and 45.7% (4). In China, this number is between 8.9

and 38.8% (5). The seventh national population census in 2020

showed that the proportion of people aged 60 years and above

in China is 18.7%, a total of 260 million people (6). Risk factors

related to sarcopenia, such as obesity and diabetes mellitus, have

an upward trend (7, 8). These findings suggested that China has

a large vulnerable population, together with a high prevalence

of sarcopenia. The lack of awareness of sarcopenia in clinical

practitioners further casts shadows on healthy aging (9).

Anemia is a recognized risk factor for fatigue, mortality, and

decreased functional capacity in elder individuals (10). The Chinese

population has a high prevalence of anemia with considerable

geographic differences. In middle and eastern China, the all-age

anemia prevalence is 13.4%, and this value is 34% in western China

(11, 12). In the Chinese population aged over 60 and above, the

age-adjusted prevalence of anemia varies from 8.5 to 35.4% (13).

In Asian people, anemia is negatively associated with handgrip

strength, muscle mass, and physical performance (14–16), all of

which are components in sarcopenia diagnosis.

Hemoglobin is the well-established way that clinical

practitioners establish the diagnosis of anemia. As anemia is

associated with sarcopenia, it can be assumed that a low level

of hemoglobin may associate with sarcopenia (17). Insufficient

hemoglobin can affect the oxygen delivery to skeletal muscle, and

negatively impact muscle strength, as observed in people with

chronic hypoxia (18). Anemia is also positively associated with

multiple inflammatory markers, which may affect muscle mass and

physical performance in a negative way (18). A few studies have

proposed that hemoglobin was positively associated with muscle

strength and physical function (17, 19). Even so, these studies

have mostly been with small-size samples (17), cross-sectional

design (20, 21), or applied sarcopenia diagnosis criteria which is

unsuitable in Asian populations (22).

Alerted by the insufficient clinical awareness of sarcopenia,

the large Chinese population vulnerable to anemia and low

hemoglobin, and the possible mechanism between hemoglobin and

sarcopenia components, the association between hemoglobin and

sarcopenia in Chinese population should be thoroughly explored.

To the best of our knowledge, no large-scale studies of the Chinese

population have elucidated the association of hemoglobin level

with sarcopenia and its components using guidelines tailored

for the Chinese. Therefore, we used a nationally representative,

population-based survey [the China Health and Retirement

Longitudinal Study (CHARLS)] to explore the aforementioned

associations, with the aim of bridging the knowledge gap.

Methods

Study population

The CHARLS is a national, population-based survey focusing

on Chinese aged 45 years and above. A total of 450 representative

communities from 28 provinces were selected using a multistep

probability sampling strategy (23). The first survey was started

in 2011, and participants were followed every 2 years. A total of

17,705 respondents were interviewed in 2011, 18,605 respondents

were interviewed in 2013, and 21,095 people were interviewed in

2015. Because biomarker and blood tests were only conducted in

2011 and 2015, data from these years were used. The inclusion

criteria were (1) individuals aged 60 years or above in 2011; (2)

available data regarding sarcopenia status; and (3) the possession

of blood test data in 2011. People missing demographic or health

information were excluded.

This study contained two sub-studies. (1) A cross-sectional

analysis of the CHARLS 2011 population. Of the total of 17,705

participants, 14,650 people were excluded because of missing blood

test data (n = 8,293), no sarcopenia relevant data (n = 2,341),

no demographic or health information (n = 808), and ages below

60 years (n = 3,208). A total of 3,055 participants remained for

the analysis. (2) In the cohort analysis, we further excluded 831

people who had either possible sarcopenia or sarcopenia in 2011

and removed 1,202 participants who had no sarcopenia data in

2015; thus, constructed a cohort of 1,022 people.

The Institutional Review Board at Peking University

approved CHARLS (approval number: IRB00001052-11014

for biomarker collection; IRB00001052-11015 for main household

survey including anthropometrics), and all of the participants

were required to provide written informed consent before

joining CHARLS.

Assessment of sarcopenia and its
components

The first expert consensus on sarcopenia in Chinese population

(5) was published in 2021. The Chinese consensus highly

considered the guideline issued by the Asian Working Group

for Sarcopenia (AWGS) and recommended the use of its cutoff

values for sarcopenia diagnosis in Chinese population (24).

Participants’ sarcopenia status was assessed by three components:

appendicular skeletal muscle mass (ASM), muscle strength, and

physical performance.

The ASM was estimated using a validated equation derived

fromChinese adults (25). The equation has been applied in research

which has similar study populations as that of our study (26, 27).

The equation is:

ASM = 0.193∗weight(inkg)+ 0.107∗height(incm)−

4.157∗sex(Male = 1, Female = 2)− 0.037∗age

(inyear)− 2.631

Participants’ height and weight were measured using a

stadiometer and a digital floor scale, respectively, to the nearest
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0.1 cm and 0.1 kg. The ASM derived from the abovementioned

equation is consistent with the result from dual X-ray

absorptiometry (DXA) (25). In clinical practice, DXA requires

specialized radiology equipment and experienced physicians to

ensure testing accuracy. Bioelectrical impedance analysis (BIA) is

a less expensive assessment technology and requires no specialists

to perform. Both DXA and BIA are recommended for muscle

mass evaluation, and their results are interchangeable (24, 28).

BIA criteria were used in this study to make findings applicable

in a more generalized setting. Low muscle mass was defined as a

height-adjusted muscle mass (ASM/Height2) <7.0 kg/m2 for males

and below 5.7 kg/m2 for females (5).

Muscle strength was measured via handgrip strength, which

was evaluated by asking participants to hold the dynamometer at a

right angle (90◦) and squeeze a YuejianTMWL-1000 dynamometer

(Nantong Yuejian Physical Measurement Instrument Co., Ltd.,

Nantong, China) two times in each hand as hard as possible. The

maximum reading was used for the sarcopenia diagnosis. The cutoff

points for low muscle strength were 28 kg for males and 18 kg for

females. CHARLS used a 5-time chair stand test to evaluate physical

performance. The cutoff value of low physical performance was a

test time ≥ 12 s for all sexes (29).

Possible sarcopenia was defined as either low muscle strength

or low physical performance without low muscle mass. Sarcopenia

was diagnosed when low muscle mass plus either low muscle

strength or low physical performance was identified. Severe

sarcopenia was defined as the co-existence of low muscle mass,

low muscle strength, and low physical performance. As only 166

(5.43%) participants had severe sarcopenia at baseline, severe

sarcopenia was merged into sarcopenia to avoid sparse data bias

(30). Participants were categorized into no sarcopenia (n = 1,618),

possible sarcopenia (n= 726), and sarcopenia (n= 711).

Blood sample collection and analysis

The CHARLS project collaborated with the Chinese Center

for Disease Control and Prevention (China CDC) to collect and

process blood samples. Three tubes of blood were collected from

each participant. One tube was immediately stored at 4◦C and

transported to the nearest CDC center or health center for complete

blood count; the median time from collection to analysis was

97min. The other two tubes were stored at −80◦C for bioassay

analysis at a national certified lab at Capital Medical University

(31). Cystatin C is a protein associated with muscle mass in

some chronic disease patients (32). In the CHARLS project, it

was measured using a particle-enhanced turbimetric assay with a

detection range of 0.5–8.0 mg/L.

Covariates

CHARLS participants were interviewed using a computer-

aided structured questionnaire. Demographic information, such

as age, sex, socioeconomic level, and urban/rural residence, was

collected. Socioeconomic level was collected from the participants’

self-evaluation scale. Health status and functioning data, including

smoking, drinking, body mass index (BMI), blood pressure,

and diagnoses of hypertension/dyslipidemia/diabetes/kidney

disease/heart failure/rheumatism, were collected. A participant

was identified as a patient with the abovementioned diseases

if the participant had been diagnosed by physicians or was on

medication at the time of interview. Hypertension was defined

as systolic blood pressure ≥ 140 mmHg and/or diastolic pressure

≥ 90 mmHg or if the participant was on medications by the time

of the interview. Diabetes was identified if the participant was

on antidiabetic agents or had plasma glucose ≥ 200 mg/dl. BMI

was categorized into underweight (below 18.5 kg/m2), normal

weight (18.5–23.9 kg/m2), and overweight or obese (24 kg/m2

and above).

Statistical analysis

Continuous data were presented as the mean with standard

deviation (SD) or median with interquartile range (IQR).

Categorical data are presented as n (%). The baseline data of

all 6,263 participants were summarized and stratified by their

sarcopenia status in the baseline year 2011. Comparisons of

baseline characteristics among the groups were conducted using

the Kruskal–Wallis test. Logistic regression was then performed

to identify the association of hemoglobin with sarcopenia

and with sarcopenia components (ASM, muscle strength, and

physical performance).

All the abovementioned associations were then evaluated in

a cohort analysis. As the sarcopenia test was conducted on the

day of the interview, the follow-up period was defined as the

interval between the interview day in 2011 and the interview

day in 2015. Schoenfeld’s residuals showed no violation of the

proportional hazards assumption (P = 0.44). Cox proportional

hazard models were used to calculate hazard ratios (HRs) with

95% confidence intervals (CIs). The sex-specific association was

then explored. Finally, analyses were conducted in the following

subgroups: residence, BMI level, drinking, and smoking. All

the analyses were performed using STATA 16.0/MP (StataCorp,

USA). A two-sided P-value < 0.05 was considered to be

statistically significant.

Results

Baseline statistics of the study population

The baseline statistics of the study population are presented in

Table 1, as stratified by sarcopenia status in the baseline year. In the

total of 3,055 participants, the prevalence of sarcopenia was 23.27%,

and the prevalence of possible sarcopenia was 23.76%. Sarcopenia

was more common in people of higher age, females, rural residents,

unmarried people, less educated people, low socioeconomic level

people, and people with low BMI/arthritis/rheumatism. People

with higher cystatin C and lower hemoglobin weremore commonly

found to have sarcopenia (Table 1).
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TABLE 1 Baseline characteristics of 3,055 CHARLS participants, stratified by their sarcopenia status in year 2011.

Characteristics No sarcopenia Possible sarcopenia Sarcopenia

Number of people, n (row %) 1,618 (52.96) 726 (23.76) 711 (23.27)

Age (year), mean (SD) 66.75 (5.48) 68.28 (6.10) 71.84 (6.81)

Male, n (%) 909 (56.18) 401 (55.23) 262 (36.85)

Urban residence, n (%) 575 (35.54) 270 (37.19) 191 (26.86)

Married, n (%) 1,360 (84.05) 597 (82.23) 504 (70.89)

Smoking, n (%) 743 (45.92) 335 (46.14) 253 (35.58)

Drinking, n (%) 583 (36.03) 199 (27.41) 177 (24.89)

Educational level, n (%)

No formal education 482 (29.79) 263 (36.23) 398 (55.98)

Primary 788 (48.70) 349 (48.07) 268 (37.69)

Secondary 313 (19.34) 109 (15.01) 44 (6.19)

Tertiary and above 35 (2.16) 5 (0.69) 1 (0.14)

Socioeconomic level, n (%)

Above average 50 (3.09) 25 (3.44) 20 (2.81)

Average 893 (55.19) 386 (53.17) 355 (49.93)

Relatively poor 501 (30.96) 219 (30.17) 210 (29.54)

Poor 174 (10.75) 96 (13.22) 126 (17.72)

BMI (kg/m2), mean (SD) 22.98 (3.70) 25.24 (3.40) 19.90 (2.19)

Systolic blood pressure (mmHg), mean (SD) 134.59 (22.11) 138.06 (22.33) 136.07 (25.07)

Diastolic blood pressure (mmHg), mean (SD) 74.85 (11.45) 76.27 (11.86) 73.02 (12.23)

Comorbidities, n (%)

Hypertension 467 (28.86) 306 (42.15) 181 (25.46)

Dyslipidemia 164 (10.14) 98 (13.50) 46 (6.47)

Diabetes 99 (6.12) 68 (9.37) 26 (3.66)

Kidney disease 101 (6.24) 67 (9.23) 35 (4.92)

Heart disease 224 (13.84) 139 (19.15) 116 (16.32)

Arthritis or rheumatism 569 (35.17) 301 (41.46) 306 (43.04)

Cystatin C (mg/l), mean (SD) 1.08 (0.27) 1.11 (0.29) 1.16 (0.34)

Hemoglobin (g/dl), mean (SD) 14.34 (2.22) 14.64 (2.27) 13.58 (2.02)

Sarcopenia components, mean (SD)

Height-adjusted ASM (kg/m2) 6.68 (1.13) 7.10 (0.86) 5.57 (0.91)

Handgrip strength (kg) 33.02 (8.34) 28.20 (9.07) 23.34 (7.68)

Five-time chair stand time (s) 9.16 (1.76) 15.42 (6.20) 14.97 (5.33)

% was shown as column percentage unless otherwise specified.

ASM, appendicular skeletal muscle mass; BMI, body mass index; SD, standard deviation.

Cross-sectional analysis of the association
of hemoglobin with sarcopenia and its
components

After adjustments for demographic factors, a very significant

association (P < 0.001) was found between hemoglobin and

sarcopenia. This association was not significantly changed (P

= 0.04) with further adjustments for health-related factors. On

average, a per 1 g/dl higher hemoglobin level was associated with

5% lower odds of sarcopenia (OR = 0.95, 95% CI: 0.90–0.98)

(Table 2).

Among sarcopenia components, a statistical association was

found between hemoglobin and low height-adjusted ASM. On

average, a per 1 g/dl elevated hemoglobin level was associated with

9% lower odds of having low height-adjusted ASM (OR = 0.91,

95% CI: 0.86–0.97). It should be noted that although no statistical
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TABLE 2 Cross-sectional associations among hemoglobin, sarcopenia, and sarcopenia components in baseline year 2011.

Model 1a Model 2b Model 3c

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value

Sarcopenia

Hemoglobin 0.89

(0.85–0.93)

<0.001 0.94

(0.90–0.99)

0.02 0.95

(0.90–0.99)

0.04

COMPONENT OF SARCOPENIA

Low height-adjusted ASM

Hemoglobin 0.85

(0.82–0.89)

<0.001 0.90

(0.86–0.95)

<0.001 0.91

(0.86–0.97)

0.002

Low muscle strength

Hemoglobin 0.94

(0.90–0.99)

0.02 0.96

(0.91–1.01)

0.08 0.96

(0.92–1.01)

0.16

Low physical performance

Hemoglobin 1.03

(0.99–1.07)

0.11 1.02

(0.99–1.06)

0.19 1.02

(0.99–1.06)

0.22

ASM, appendicular skeletal muscle mass; CI, confidence interval; OR, odds ratio.
aAdjusted for sex, age, residence.
bAdjusted as Model 1 with further adjustments for marital status, socioeconomic level, education, smoking, drinking, body mass index.
cAdjusted as Model 2 with further adjustment for systolic blood pressure, diastolic blood pressure, hypertension, dyslipidemia, chronic kidney disease, heart disease, arthritis or rheumatism,

cystatin C.

significance (P = 0.16) was found in the association between

hemoglobin and muscle strength, the upper 95% CI is close to

1.00. No evidence (P= 0.22) between hemoglobin and low physical

performance was found.

Cohort analysis of the association of
hemoglobin with sarcopenia and its
components

A total of 1,022 people who had no sarcopenia in 2011 were

followed up to 2015; 165 people (13.41%) were diagnosed with

sarcopenia, with an incidence rate of 336.61 per 10,000 person-

years.

After adjusting for multiple covariates, consistent evidence was

found between baseline hemoglobin and sarcopenia (HR = 0.92,

95% CI: 0.84–1.00), low height-adjusted ASM (HR = 0.95, 95%

CI: 0.90–1.00), and low physical performance (HR = 0.92, 95% CI:

0.85–0.99). No association between hemoglobin and low muscle

strength was observed (Table 3).

Due to the difference in the cutoff value of sarcopenia

criteria between sexes, the sex-specific association between baseline

hemoglobin and sarcopenia was explored. In males, hemoglobin

was associated with sarcopenia, and a per 1 g/dl increase in

hemoglobin was associated with a 10% lower rate of sarcopenia

(HR = 0.90, 95% CI: 0.83–0.99). Hemoglobin in males was also

statistically associated with low height-adjusted ASM (HR = 0.92,

95% CI: 0.89–0.96) and with low physical performance (HR =

0.91, 95% CI: 0.85–0.97). In females, hemoglobin was found to be

marginally associated with sarcopenia (HR = 0.92, 95% CI: 0.84–

1.00) and with low height-adjusted ASM (HR = 0.96, 95% CI:

0.93–1.00); strong evidence of association was also found in low

physical performance (HR= 0.92, 95%CI: 0.86–0.99). Hemoglobin

was not evidently associated with low muscle strength in all sexes

(Supplementary Table S1).

Subgroup analysis for baseline hemoglobin
and its association with sarcopenia

Figure 1 showed that the association between hemoglobin

and sarcopenia was stronger in urban residents (HR = 0.89,

95% CI: 0.80–0.98). Among people of different BMI levels, the

hemoglobin-sarcopenia association was stronger in people with

higher BMI levels. In the overweight/obese group, a per 1 g/dl

higher hemoglobin was associated with a 20% lower hazard rate

of sarcopenia (HR = 0.80, 95% CI: 0.72–0.89), with very strong

evidence (P < 0.001). No evidence was found in underweight

people. The hemoglobin-sarcopenia association was similar in

people with various drinking and smoking statuses (Figure 1).

Discussion

In this study, the cross-sectional analysis demonstrated

hemoglobin in Chinese individuals aged 60 and above was

negatively associated with sarcopenia and low height-adjusted

ASM. The cohort study showed that in the general population,

hemoglobin was negatively associated with sarcopenia, low muscle

mass, and low physical performance. In both sexes, hemoglobin

was negatively associated with sarcopenia, low muscle mass, and

physical performance, although the magnitude of association

varies. No evidence of the association between hemoglobin and

muscle strength was found. Subgroup analyses demonstrated that

urban residents and people with higher BMI levels had a large

magnitude of hemoglobin-sarcopenia association.
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TABLE 3 Longitudinal associations among baseline hemoglobin level, sarcopenia, and sarcopenia components, 2011–2015.

Model 1a Model 2b Model 3c

HR (95%CI) P-value HR (95%CI) P-value HR (95%CI) P-value

Sarcopenia

Hemoglobin 0.87

(0.79–0.95)

0.003 0.92

(0.84–1.01)

0.08 0.92

(0.84–1.00)

0.05

COMPONENT OF SARCOPENIA

Low Height-adjusted ASM

Hemoglobin 0.90

(0.85–0.95)

<0.001 0.94

(0.89–1.00)

0.04 0.95

(0.90–1.00)

0.05

Low muscle strength

Hemoglobin 0.94

(0.87–1.03)

0.17 0.97

(0.89–1.06)

0.52 0.98

(0.90–1.06)

0.60

Low physical performance

Hemoglobin 0.92

(0.83–0.99)

0.04 0.92

(0.85–0.99)

0.03 0.92

(0.85–0.99)

0.03

ASM, appendicular skeletal muscle mass; CI, confidence interval; HR, hazard ratio.
aAdjusted for sex, age, residence.
bAdjusted as Model 1 with further adjustments for marital status, socioeconomic level, education, smoking, drinking, body mass index.
cAdjusted as Model 2 with further adjustment for systolic blood pressure, diastolic blood pressure, hypertension, dyslipidemia, chronic kidney disease, heart disease, arthritis or rheumatism,

cystatin C.

FIGURE 1

Forest plot for multivariable Cox regression results to show the sex-specific association between hemoglobin and sarcopenia, stratified by residence,

body mass index level, drinking status, and smoking status.
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The overall prevalence of sarcopenia in the study population

was 13.41%, with a higher prevalence in females, similar to

other studies on Chinese population (33, 34). Our findings

were largely consistent with several previous studies (18, 21).

However, there were still some discrepancies in this field. A

cross-sectional study on a Taiwanese population demonstrated

that hemoglobin was only associated with physical performance

and muscle strength, not with sarcopenia or muscle mass (17).

Erythropoietin receptors are expressed in human skeletal muscle

(35). Skeletal muscle mass is independently associated with body

responsiveness to erythropoietin stimulating agents (36). It is

fairly possible that insufficient skeletal muscle led to decreased

hemoglobin production, caused a reverse causality that could not

be ruled out in a cross-sectional design and biased the result in that

Taiwanese study.

There is a paucity of longitudinal research on hemoglobin

and its association with sarcopenia, and there is even more scarce

research on sex-specific associations. Along with aging, the decline

in serum testosterone in males is associated with compromised

hematopoiesis, further inhibiting hemoglobin production (37–

39). The decline in hemoglobin in men usually starts in their

30s, whereas hemoglobin in women is slightly increased after

menopause before starting to decline in their 60s (40). In the study

population, the hemoglobin level in the oldest quartile of males

(mean age: 77.5 years) was on average 92.5% of that in the youngest

quartile (mean age: 61.5 years); in females, the mean hemoglobin in

the oldest quartile (mean age: 77.4 years) was 96.4% of that in the

youngest quartile (mean age: 61 years). The above relatively smaller

decline in hemoglobin in females as compared tomalesmay explain

the sex-specific differences in the magnitude of the association of

hemoglobin with sarcopenia, ASM, and physical performance.

This study did not find evidence of the association of

hemoglobin with muscle strength in either the cross-sectional or

cohort analyses. This finding was consistent with a study on older

individuals (41). Yet, another study demonstrated hemoglobin was

associated with handgrip strength in older individuals (42). It is

possible the higher average age of the participants (over 75 years)

and the different sample selections of the above study may justify

the conflicting results.

In the cohort study, we found a consistent association of

hemoglobin with physical performance. The current research on

the association between hemoglobin and physical performance

remains controversial. Studies using Functional Independence

Measure (43) demonstrated the association of hemoglobin with

physical function and performance. A systematic review of fifteen

randomized clinical trials and five observational studies reported a

negative association between hemoglobin and fatigue but not with

physical function (44). We solely evaluated physical performance

by the 5-time chair stand test without the gait speed test, and

thus the evaluation may not fully reflect the participants’ actual

physical performance. The CHARLS gait speed test was set at a

2.5m distance, which was much shorter than the recommended

six meters (24). The validity of the 2.5m distance is unclear,

although the 3-meter, 6-meter, and longer distance gait speed

tests have been validated (45, 46). As participants were more

capable of completing a shorter distance, the 2.5m test may

likely overestimate the gait speed. Only 41.90% of people had

both chair stand test and gait speed test records. Statistically

significant differences in height, weight, and handgrip strength

were found between individuals with gait speed records and

those without. Using people with available gait speed in this

study will heavily limit the sample size and may bias the

study result.

Urban residents and obese/overweight people had a larger

magnitude of hemoglobin-sarcopenia association; the underlying

mechanism accounting for the larger magnitude remains unclear.

Urban residents are known to have higher hemoglobin levels

than rural residents (47), and a higher BMI level has an inverse

association with hemoglobin in older Chinese people (48). It

may be possible that there is a threshold, and only an over-

threshold hemoglobin level is associated with sarcopenia. An in-

depth analysis of urban/rural residents and people of different BMI

groups is needed to further explore the abovementioned findings.

From a perspective of primary prevention and public health,

increasing hemoglobin levels in people aged 60 and above

can be better achieved through a multidisciplinary approach.

Providing access to nutrient-dense foods that are rich in

iron, vitamin B12, and folic acid. Older adults may have a

reduced appetite or difficulty chewing, so it is important to

provide meals that are easy to prepare, chew, and digest. In

addition to dietary changes, regular exercise can help increase

hemoglobin levels while strengthening muscle and improving

physical performance. Low-impact aerobic activities such as

walking, swimming, and biking may help increase circulation

and promote healthy oxygen levels in the body. Moderate

strength training can also help increase hemoglobin levels and

build muscle strength to prevent sarcopenia (49). Excessive

alcohol intake (over 2 alcoholic drinks/day) should be restricted

as they can lead to a decrease in hemoglobin levels (50).

It should consider the unique needs and challenges older

adults face when designing interventions and involve healthcare

providers, community organizations, and family caregivers in

the process.

Despite all the efforts made in this study, there were several

limitations. First, the core element of our research, the ASM, was

calculated using a validated formula instead of BIA/DXA methods.

Admittedly, using the formula may impair the generalization

of our findings in non-Chinese population. However, this is

unavoidable because our study was a secondary research using

existing data. Considering the scale and representativeness of

CHARLS, along with the consistence in our findings, we believe

that this study makes its contribution to solving the urgent

public health issue brought by sarcopenia. Readers are advised

to be aware of the possible bias of ASM evaluation. Second,

gait speed is an indicator of the overall health of the elderly

(51). Without adjusting gait speed, our findings may be biased

toward the null. Third, confounding factors, such as inflammatory

biomarkers and dietary patterns, were not adjusted due to data

availability. All this can confound the results. Finally, selection bias,

including volunteer bias, should be considered when interpreting

our results.

To conclude, our study demonstrated that hemoglobin

level is negatively associated with sarcopenia in the Chinese

population aged 60 and above. Males, urban residents, and
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people with a high BMI have a larger magnitude of the

negative association between hemoglobin level and sarcopenia.

Along with the high prevalence of sarcopenia and an aging

society, our findings may generate meaningful implications

for preventing sarcopenia and promoting healthy aging

in China.
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Introduction: A prior study showed an association between diversity in daily

activities (type, frequency, evenness) and frailty in older adults. However, the

causality of this relationship is unclear. Therefore, this study aimed to clarify the

relationship between activity diversity and frailty through a 2-year longitudinal

study conducted among community-dwelling older adults.

Methods: We evaluated data from the 2018 and 2020 waves of the Otassha Study.

Frailty was assessed using the Cardiovascular Health Study criteria, with pre-frail

and frail participants defined as frail and the other participants categorized into

the robust group. We enrolled a total of 207 participants who were not frail at

baseline. Activity type, frequency, and evenness scores were calculated using an

Activity Diversity Questionnaire. The association between each activity diversity

score and the incidence of frailty was evaluated using logistic regressionmodeling

(each diversity score was entered the model after Z-transformation).

Results: Of the 207 enrolled participants (median age, 73 years; age range, 65–91

years; 60.4% women), 64 (30.9%) had incident frailty during the follow-up period.

A logistic regression analysis adjusting for sociodemographic and psychosomatic

factors revealed odds ratios for activity type and evenness scores of 0.64 and

0.61, respectively (P < 0.05). These factors were significantly associated with the

incidence of frailty.

Discussion: Activity type and evenness (except frequency) within daily activities

were predictors of frailty during 2 years of follow-up. Engagement in diverse

activities appears to be more e�ective in preventing frailty than does engagement

in a few activities.

KEYWORDS

frailty, older adults, longitudinal study, activity, diversity

1. Introduction

In developed countries, the burden of nursing care due to aging has become a major

social problem, and extending healthy life expectancy is of urgent concern (1, 2). A decline

in physical and mental functioning due to aging causes a decline in activities of daily living

(ADL) and individuals’ overall quality of life. Moreover, it burdens their families and the

national medical care system as a whole (2).
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Frailty is defined as an age-associated syndrome presenting

as decreased reserve and resistance to stressors that cause

vulnerability to adverse health outcomes (3). It is an important

public health issue of increasing concern due to the global

aging of the population (4). Previous studies have reported that

frailty is associated with various health problems, including

impairments in ADL, falls, institutionalization, hospitalization,

and mortality risk (5). However, frailty has been reported

to be reversible (4). Moreover, it might be possible to

extend healthy life expectancy in at-risk individuals through

appropriate interventions.

Factors have been reported to be associated with frailty,

including sociodemographic, medical, physiological, and lifestyle

factors (6, 7). In particular, lifestyle factors are modifiable

and have attracted many researchers’ attention. Previous

studies have focused on daily activities, including physical,

cultural, intellectual, and social activities. Daily activities

have been reported to be associated with frailty in prior

studies (8, 9). Although these studies examined associations

between specific daily activity types and frailty, they did

not evaluate daily activities comprehensively. As daily life

consists of various activities, it is necessary to comprehensively

consider these activities in terms of diversity and examine

the association between the diversity of daily activities

and frailty.

Several studies have examined associations between activity

diversity and health outcomes. Menec (10) and Lee HY et al.

(11) defined activity diversity as number of “types” of activities

and reported that those who engaged in more types of activities

had better cognitive function, less depression, and lower mortality

rates. Verghese et al. (12) and Kesavayuth et al. (13) defined

activity diversity as “frequency” of activities and reported that

those who engaged in more frequency of activities were associated

with better cognitive functioning and lower risk of dementia. In

addition, Lee S et al. (14) defined activity diversity as “evenness”

of engagement in activities over a week and reported that those

who engaged in more evenness of activities had better mental

health. The above studies have demonstrated that older adults

who engage in diverse activities in their lives have better health

conditions. However, few studies have examined their relationship

with frailty.

In our previous study, we developed the Activity Diversity

Questionnaire (ADQ), which is a questionnaire that assesses the

implementation of 20 activities of daily living, including physical,

intellectual, and social activities (15, 16). Then, we defined activity

diversity as the type, frequency, and evenness of daily activities

and conducted a cross-sectional study to examine the relationship

between activity diversity and frailty in older adults. The results

showed that activity diversity scores (including type, frequency,

and evenness scores) were independently associated with frailty

(17). However, this was a cross-sectional study, and the causal

relationship between activity diversity and frailty was unclear.

The current study investigated the association between activity

diversity scores and the incidence of frailty in community-dwelling

older adults in a 2-year longitudinal cohort study aiming to clarify

the causal factors in the association between activity diversity

and frailty.

2. Materials and methods

2.1. Study design and participants

We conducted a 2-year longitudinal study using data from

the Otassha Study cohorts. The Otassha Study cohorts is

conducted among older adults aged 65 years or older living

in nine areas of Itabashi Ward, Tokyo, except for those

residing in nursing homes. Comprehensive health checkup

surveys, consisting of a mail survey part and a venue survey

part, are conducted in September and October every year (18,

19).

We enrolled individuals who participated in the 2018 survey.

Individuals with frail or pre-frail at the time of the 2018

survey and those with missing data on outcomes or important

covariates were excluded from the current study. In addition,

individuals with cardiac disease or stroke in the past 6 months

and with blood pressure above the reference value (systolic

blood pressure ≥180 mmHg, diastolic blood pressure ≥100

mmHg) were also excluded as grip strength (the evaluation

of which is required in the assessment of frailty) was not

measured. All participants had been fully informed about the

study (procedures, benefits, and drawbacks) and had provided their

written informed consent prior to participation. This study was

approved by the Ethics Committee of the Tokyo Metropolitan

Institute of Gerontology (approval number: 2018–16) and was

conducted in accordance with the principles of the Declaration

of Helsinki.

2.2. Assessment of frailty

Frailty was assessed in the 2018 and 2020 surveys using the

five items in the Japanese version of the Cardiovascular Health

Study (J-CHS) criteria (20): weight loss, low activity, exhaustion,

weakness, and slowness. Weight loss was defined as a loss of 2–

3 kg or more in the past 6 months. Low activity was indicated

by a negative response to both of the following items: “Do you

engage in moderate levels of physical exercise or sports aimed

at health?” “Do you engage in low levels of physical exercise

aimed at health?” Exhaustion was indicated by a positive response

to the following item: “(In the last 2 weeks) I have felt tired

for no particular reason.” Weakness was indicated by a grip

strength of <26 kg for men and <18 kg for women. Slowness

was indicated by a usual gait speed of 1.0 m/s or less. Weight

loss, low activity, and exhaustion were assessed in a mailed survey

using a self-administered questionnaire, whereas grip strength and

gait speed were measured at the survey site. Grip strength was

measured twice using a hand dynamometer (Smedley-type hand

dynamometer, Yagami, Nagoya, Japan). The strongest grip value

of the two tests was considered for the analysis. Usual gait speed

was obtained using a stopwatch to measure the time necessary

to walk a 5-m walkway with 3-m acceleration and deceleration

areas placed before and after the walkway. Walking speed was

measured once. Those who met three or more of the above criteria

were considered frail. Those who met one or two criteria were

designated as pre-frail. Participants who were frail or pre-frail
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at baseline were excluded from the current study. Finally, those

who developed pre-frailty or frailty during the 2-year follow-

up period were allocated to the frail group and the rest to the

robust group.

2.3. Assessment of activity diversity

Activity diversity was assessed using the Activity Diversity

Questionnaire (ADQ) administered during the 2018 survey (10).

The ADQ is a self-administered questionnaire that assesses 20

daily activities (see Supplementary Table 1). This questionnaire has

been reported to have good reliability and validity within prior

research (15). The 20 questionnaire items were preceded by the

question: “How often did you engage in these activities in the

last week?” The responses to the items were scored from 0 to 3,

where 0 = “rarely,” 1 = “1–2 times a week,” 2 = “once every 2

days,” and 3= “almost every day.” Activity diversity was defined as

daily activities’ type, frequency, and evenness (17). Scores for type,

frequency, and evenness were calculated as follows. Type scores

were calculated as the total number of activity types the individuals

engaged in at least once a week; these scores could range from 0 to

20. Frequency scores were calculated by summing the frequency of

engagement within the 20 activities (score range, 0–60). Evenness

scores were calculated according to Shannon’s entropy formula

(21), as indicated by the following equation:

Evenness score = −

(

1

logm

) m
∑

i=1

Pi
(

log Pi
)

Where m represents the total number of activities (m = 20), i

represents each activity, and Pi represents the proportion of each

implemented activity. Evenness scores could range from 0 to 1,

with higher scores indicating wide-ranging and even engagement

in daily activities across the 20 evaluated items.

2.4. Covariates

Age, sex, the number of chronic diseases (stroke, heart disease,

chronic obstructive pulmonary disease, chronic kidney disease,

cancer, diabetes), subjective financial status (sufficient to live

on, not sufficient to live on), and family structure (living with

others, living alone) were examined as sociodemographic factors.

In addition, physical and mental functioning were assessed using

body mass index (BMI; <18.5, 18.5–25.0, and >25.0 kg/m2), Mini-

Mental State Examination (MMSE) (22), and the World Health

Organization-Five Wellbeing Index (WHO-5) (23, 24). Subjective

financial status and family structure were assessed through amailed

survey, whereas the other covariates were assessed at the survey site

in 2018.

2.5. Statistical analysis

Differences in medical and demographic characteristics

between the robust and incident frail groups were examined using

t-tests and χ
2 tests. Logistic regression analysis was performed to

examine associations between activity diversity and the incidence

of frailty, with the presence or absence of frailty as the dependent

variable. To evaluate these associations, we implemented the

following models: (i) a crude model, in which each of the three

indicators of activity diversity (type, frequency, and evenness

scores) were entered as independent variables; (ii) Model 1, in

which sociodemographic factors were added as covariates to the

crude model; and (iii) Model 2, in which physical and mental

functioning factors were added to Model 1. The three indicators

of activity diversity (type, frequency, and evenness score) were

strongly correlated [type score vs. frequency score: r = 0.79 (p

< 0.001), type score vs. evenness score: r = 0.98 (p < 0.001),

and frequency score vs. evenness score: r = 0.85 (p < 0.001)],

respectively. Due to multicollinearity issues, each indicator was

not put into the model simultaneously. In the logistic regression

analyses, the three indicators of activity diversity were standardized

via Z-transformation to compare the odds ratios (ORs). Moreover,

a power analysis was conducted using the G∗Power software (25).

Based on prior studies, the OR of the standardized activity diversity

indicators with respect to the incidence of frailty or pre-frailty

during study follow-up was presumed to be 1.5 (17). In contrast,

the predicted incidence of frailty or pre-frailty was presumed to

be 0.34 (26). Given an α of 0.05 and a targeted statistical power of

0.80, the minimum target sample size necessary within this study

was n= 179.

We performed the following two supplementary analyses to

examine the effects of those who were lost to follow-up and

missing values. First, we compared medical and demographic

characteristics at the baseline survey between the participants

enrolled in the final analysis (n = 207) and those lost to follow-up

(n= 119) using t-tests andχ-square tests. In addition, to ensure the

robustness of the data in this study, missing value imputation was

conducted supplementally using the multiple imputation method.

The results with missing value imputation and the results from the

complete case analysis were compared. Missing value imputation

was performed on data from those who participated in both the

2018 and 2020 surveys (n = 456). Missing values were found in

J-CHS criteria item [e.g., weight loss (n = 25), weakness (n = 47),

slowness (n= 2) and low activity (n= 1)], subjective financial status

(n = 34), family structure (n = 4) and MMSE (n = 1). Multiple

imputation was performed using an iterative Markov chain Monte

Carlo method (27). The number of imputed data sets was set to

100 (28), and logistic regression analysis was performed on the

association between activity diversity and the occurrence of frailty,

as in the main analysis. Since the missing value imputation was

conducted as a supplementary analysis, only the results of the

complete case analysis are shown in the main text.

The statistical significance level was set to a threshold of P

< 0.05. All statistical analyses were conducted using IBM SPSS

statistical software (version 28, IBM Corp. Armonk, NY, USA).

3. Results

The 2018 wave of the study included 769 participants, of whom

443 were excluded from the current secondary analysis due to the
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FIGURE 1

Flow chart of participant enrollment. J-CHS, Japanese version of

the Cardiovascular Health Study.

aforementioned exclusion criteria (missing data, 111; frail or pre-

frail status, 332). One hundred nineteen participants were lost to

follow-up as of the 2020 study wave. The final analysis included 207

participants [median age, 73 years; range, 65–89 years; 125 (60.4%)

women]. Of the enrolled participants, there were 143 (69.1%)

participants in the robust group as of the end of the study follow-up

period and 64 (30.9%; pre-frail: n= 62, frail: n = 2) participants in

the frail group (Figure 1).

Of the participants enrolled in the final analysis, 150 (72.5%)

had an appropriate (normal) BMI (18.5–24.9 kg/m2). The mean

MMSE score was 29.0 [standard deviation (SD) = 1.4]. The mean

WHO-5 score was 18.5 (SD = 3.8). The evaluated activity type,

frequency, and evenness scores were 11.2 (SD = 2.3), 24.4 (SD

= 5.1), and 0.77 (SD = 0.07), respectively (Table 1). Type scores

[robust vs. frail; 11.4 (SD= 2.2) vs. 10.6 (SD= 2.5), P= 0.015] and

evenness scores [0.78 (SD = 0.07) vs. 0.75 (SD = 0.08), P=0.015]

were lower in the frail group than in the robust group. There were

no significant differences between the two groups with respect to

the other evaluated items.

A comparison of medical and demographic characteristics

between the participants enrolled in the final analysis (n =

207) and those lost to follow-up (n = 119) are shown in

Supplementary Table 2. Compared with the participants included

in the final analysis, those who were lost to follow-up were

significantly younger (final analysis vs. lost to follow-up, 72.8 (SD

= 5.4) years vs. 71.2 (SD = 6.2) years, P = 0.013). No significant

differences were observed with respect to the other evaluated items.

The results of logistic regression modeling showed that

standardized type and evenness scores were significantly associated

with the incidence of frailty in the crude model. This association

was maintained after adjusting for all covariates specified within

Models 1 and 2. The ORs for standardized type and evenness

scores were ∼0.6, indicating a similar degree of association with

the incidence of frailty. Conversely, no significant associations were

found for frequency scores within any model (crude model, Model

1, Model 2; Table 2).

When examining the association between activity diversity and

the occurrence of frailty at 2 years in the data set with missing value

imputation, a significant association was found between the type

and evenness scores. On the other hand, the frequency score was

not significantly associated with frailty (Supplementary Table 3).

These results were similar to those of the main analysis using the

complete case analysis method; therefore, only the results of the

complete case analysis method are presented in the main text.

4. Discussion

The present study investigated associations between activity

diversity and the incidence of frailty in community-dwelling older

adults through a 2-year longitudinal study. Type and evenness

scores were significantly associated with the incidence of frailty,

even after adjusting for covariates such as sociodemographic

variables and physical and mental functioning evaluations. While

several prior studies have examined the association between frailty

and specific daily activities (8, 9), few studies have focused

on diversity in daily activities. To the best of our knowledge,

this study is the first to show that activity diversity is a

predictor of frailty, revealing the importance of maintaining and

increasing the diversity of daily activities in older adults to

prevent frailty.

The median age of the participants enrolled in this study

was 73 years. Nevertheless, the percentage of participants with

a normal BMI (18.5–24.9 kg/m2) was 75.8%, and the average

scores for the MMSE and WHO-5 evaluations were 29.0 and

18.5, respectively. These findings indicate that the physical and

mental functioning of these older participants was superior to

that of participants evaluated in other cohort studies (23, 29–31).

During the follow-up period, only two individuals became newly

frail (vs. pre-frail) in this study (4.8 new cases per 1,000 person-

years). This incidence of frailty was lower than that reported in a

prior investigation (12.0 new cases per 1,000 person-years) (32).

Thus, healthier older adults could have been recruited for this

study due to the survey being conducted at a venue. Moreover,

those with a deteriorated health condition (who were thus at a

high risk of frailty) may have dropped out of the study during

follow-up. However, it is important finding that even among these

healthy older adults with a low risk of frailty, an independent

association was found between activity diversity and the incidence

of frailty (defined as frailty or pre-frailty). Although activity

type and evenness scores at baseline were significantly lower in

the frail group than in the robust group, the two groups were

not significantly different with respect to the other evaluated

characteristics. This suggests the importance of activity diversity in

preventing frailty.
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TABLE 1 Comparison of participants’ medical and demographic characteristics in the 2018 survey.

Variable All n = 207 Frailty status P-value

Robust group Frailty group

n = 143 n = 64

Age, years, median (range) 73 (65–89) 72 (65–89) 73 (65–84) 0.733

Women, n (%) 125 (60.4) 90 (62.9) 35 (54.7) 0.262

Number of chronic diseases, n (%) 0.222

0 110 (53.1) 81 (56.6) 29 (45.3)

1 66 (31.9) 44 (30.8) 22 (34.4)

2+ 31 (15.0) 18 (12.6) 13 (20.3)

Subjective financial status, n (%) 0.067

Sufficient to live on 189 (91.3) 134 (93.7) 55 (85.9)

Not sufficient to live on 18 (8.7) 9 (6.3) 9 (14.1)

Family structure, n (%) 0.111

Living with others 157 (75.8) 113 (79.0) 44 (68.8)

Living alone 50 (24.2) 30 (21.0) 20 (31.3)

BMI, kg/m2 , n (%) 0.106

18.5–24.9 150 (72.5) 109 (76.2) 41 (64.1)

<18.5 14 (6.8) 10 (7.0) 4 (6.3)

≥25.0 43 (20.8) 24 (16.8) 19 (29.7)

MMSE, mean (SD) 29.0 (1.4) 29.1 (1.3) 28.9 (1.4) 0.352

WHO-5, mean (SD) 18.5 (3.8) 18.7 (3.8) 18.0 (4.0) 0.203

Type score, mean (SD) 11.2 (2.3) 11.4 (2.2) 10.6 (2.5) 0.015

Frequency score, mean (SD) 24.4 (5.1) 24.8 (5.1) 23.6 (5.3) 0.144

Evenness score, mean (SD) 0.77 (0.07) 0.78 (0.07) 0.75 (0.08) 0.015

BMI, body mass index; MMSE, Mini-Mental State Examination; SD, standard deviation; WHO-5, World Health Organization-Five Wellbeing Index.

TABLE 2 Results of logistic regression analyses with respect to the association between activity diversity and the incidence of frailty.

Variable Crude model Model 1 Model 2

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Standardized type scores 0.66 (0.47–0.93) 0.017 0.64 (0.45–0.91) 0.014 0.64 (0.44–0.92) 0.018

Standardized frequency scores 0.78 (0.56–1.09) 0.144 0.76 (0.54–1.07) 0.117 0.76 (0.53–1.09) 0.130

Standardized evenness scores 0.64 (0.44–0.92) 0.017 0.61 (0.41–0.90) 0.014 0.61 (0.40–0.91) 0.017

BMI, body mass index; CI, confidence interval; MMSE, Mini-Mental State Examination; OR, odds ratio; WHO-5, World Health Organization-Five WellBeing Index.

Crude model: Standardized type scores, standardized frequency scores, and standardized evenness scores were entered as independent variables.

Model 1: Adjusted for age, sex, the number of chronic diseases, perceived financial status, and family structure.

Model 2: Adjusted for the covariates in Model 1, plus BMI, MMSE, and WHO-5 scores.

Logistic regression analysis demonstrated that both type and

evenness scores were significantly associated with the incidence

of frailty even after adjusting for all covariates, suggesting the

importance of implementingmore activities evenly. Seino et al. (33)

investigated the association between the occurrence of functional

disability and three healthy habits (moderate-to-vigorous-intensity

physical activity, dietary variety, and social interaction). Their

results showed that the risk of functional disability was reduced

by 28% in those who had one type of habit, 49% in those

who had two types of habits, and 62% in those who had

all three types of habits compared to those who did nothing,

suggesting that having a multidimensional lifestyle is important

for the health of older adults. Ngandu et al. (34) examined the

effect of a Multidimensional Lifestyle Improvement Intervention

combining exercise, nutritional guidance, cognitive training, and

social participation on cognitive function in the Finnish Geriatric

Intervention Study to Prevent Cognitive Impairment and Disability

(FINGER). They reported that the multidimensional approach

to lifestyle was effective in reducing cognitive impairment. This,

therefore, suggests that multidimensional lifestyle has positive
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impacts on health of older adults. Our findings showed that

type and evenness scores were significantly associated with the

occurrence of frailty. This suggests that those who engaged

in more types of activities evenly were more likely to have

a multidimensional lifestyle, and this may have been effective

in preventing the occurrence of frailty. On the other hand,

frequency scores showed no significant association with the

incidence of frailty in the current study. Frequency scores

were evaluated as the sum of the frequency of each activity;

if the frequency of even one activity was high, the overall

frequency score was high. Therefore, a high-frequency score does

not necessarily indicate the implementation of multidimensional

activities and may not be associated with the incidence of frailty

(in contrast to the other two evaluated scores). In addition,

the type score and evenness score were highly correlated (r

= 0.98). This may be because the evenness score weights

each activity according to the proportion of each implemented

activity, but is also greatly influenced by the number of types

of activities, which may have approximated the type score.

The current operationalizations failed to empirically distinguish

the two concepts, i.e., type and evenness. The two scores are

theoretically distinct but methodologically not distinct. Therefore,

it may be necessary to consider a new methodology for

evenness indicator that is separated from the effects of number

of types.

This study had some limitations. First, many participants were

lost to follow-up (n = 119) or had missing data (n = 111). If the

causes of dropout were related to the development of flailty, the

bias due to lost to follow-up may have influenced the results of

this study. The item with the highest amount of missing data was

weight loss (n = 85, a sub-item of the J-CHS criteria), followed

by subjective financial status (n = 58). The missing data was

considerable, as information was obtained through amailed survey.

However, comparing the baseline characteristics of the participants

included in the final analysis and those lost to follow-up showed

only a significant difference in age. No significant differences in

physical and mental functioning were observed. Furthermore, the

analysis was also performed for the dataset with missing data

imputation, and the results were similar to those of the main

analysis. These results suggest a slight bias due to loss of follow-

up and missing data. Moreover, we did not evaluate the amount

of physical activity. A decreased amount of activity may affect the

association between activity diversity and the incidence of frailty.

Thus, it is necessary to simultaneously evaluate activity diversity

and the amount of physical activity. Future studies enrolling

more participants and intervention studies aimed at maintaining

and improving activity diversity in older adults are warranted to

confirm the findings of this investigation.

In conclusion, we found that activity type and evenness

scores concerning daily activities were significantly associated

with the incidence of frailty during a 2-year follow-up period,

even after adjusting for a range of covariates. These results

indicate the importance of diversity in daily activities (i.e.,

performing many types of daily activities evenly) to prevent

frailty. Furthermore, our findings demonstrate the need for future

efforts to maintain and improve the diversity of daily activities in

older adults.
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severity and poor cognitive
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community-dwelling older adults
in Japan: The IRIDE Cohort Study

Takahisa Ohta1*, Hiroyuki Sasai2, Yosuke Osuka2,3,

Narumi Kojima2, Takumi Abe4, Mari Yamashita1,

Shuichi P. Obuchi5, Tatsuro Ishizaki5, Yoshinori Fujiwara1,4,
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1Integrated Research Initiative for Living Well With Dementia, Tokyo Metropolitan Institute for Geriatrics

and Gerontology, Tokyo, Japan, 2Research Team for Promoting Independence and Mental Health, Tokyo

Metropolitan Institute for Geriatrics and Gerontology, Tokyo, Japan, 3Department of Frailty Research,

Center for Gerontology and Social Science, Research Institute, National Center for Geriatrics and

Gerontology, Obu, Japan, 4Research Team for Social Participation and Community Health, Tokyo

Metropolitan Institute for Geriatrics and Gerontology, Tokyo, Japan, 5Human Care Research Team,

Tokyo Metropolitan Institute for Geriatrics and Gerontology, Tokyo, Japan, 6Tokyo Metropolitan Institute

for Geriatrics and Gerontology, Tokyo, Japan

Introduction: This study examined whether the association between

sarcopenia severity and cognitive function di�ered according to sex and

age in community-dwelling older adults in Japan.

Methods: This is a cross-sectional study of older adults (age ≥ 65 years)

consisting of five regional cohorts integrated as the Integrated Research Initiative

for Living Well with Dementia (IRIDE) Cohort Study. Sarcopenia severity was

determined based on the Asian Working Group for Sarcopenia 2019, which

assessed grip strength, walking speed, and skeletal muscle mass index. Poor

cognitive function was defined as a Mini-Mental State Examination score of ≤ 23.

Odds ratios (ORs) and 95% confidence intervals (CIs) for poor cognitive function

were calculated by sex and age group (65–74 and ≥75 years) using binomial

logistic regression models, which were adjusted for age, educational attainment,

history of non-communicable diseases, smoking and drinking habits, living alone,

frequency of going outdoors, exercise habits, and depressive symptom.

Results: Of the 8,180 participants, 6,426 (1,157 men aged 65–74 and 1,063

men aged 75 or older; 2,281 women aged 65–74 and 1,925 women aged 75 or

older) were analyzed. The prevalence ratio of sarcopenia and severe sarcopenia

were 309 (13.9%) and 92 (4.1%) among men and 559 (13.3%) and 166 (3.7%)

among women, respectively. A total of 127 (5.8%) men and 161 (3.9%) women had

a poor cognitive function. Setting non-sarcopenia as a reference, the adjusted

ORs (95% CI) of poor cognitive function were 2.20 (1.54, 3.15) for sarcopenia

and 3.56 (2.20, 5.71) for severe sarcopenia. A similar trend was observed in

analyses stratified by sex and age, with linear associations (P for trend <0.05)

in both categories. Furthermore, there was a significant interaction (P < 0.05)

between sex and sarcopenia severity, indicating a stronger linear association of

sarcopenia severity with poor cognitive function in women compared with men.
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Discussion and conclusion: Sarcopenia severity was linearly associated with poor

cognitive function in adults aged≥ 65 years, with a stronger association in women

compared with men.

KEYWORDS

sarcopenia, cognitive function, poor cognitive function, Asian Working Group for

Sarcopenia 2019, sarcopenia severity

Introduction

Cognitive decline leading to dementia or mild cognitive

impairment (MCI) is characterized by decreased memory,

language, and executive function abilities. The number of dementia

patients worldwide is projected to reach 78 million by 2030 and 139

million by 2050 (1). In addition, the number of dementia patients in

the super-aged society of Japan is estimated to reach 7.4 million in

2030 and 8.5 million in 2060 (2). Therefore, examining the factors

that may lead to poor cognitive function is essential.

Risk factors of poor cognitive function include genetic,

psychological, and environmental factors, such as physical

inactivity (3). Physical inactivity increases the risk of cognitive

decline resulting from cardiovascular disease (4), and promotes

the accumulation of amyloid-β and tau proteins specific to

Alzheimer’s disease (5). In contrast, myokines, such as brain-

derived neurotrophic factor (BDNF), are secreted by muscle

cells with the contraction of skeletal muscles in regular exercise.

These myokines cross the blood-brain barrier and promote

further BDNF production in the brain. This, in turn, promotes

improved neurogenesis, memory, and learning, suggesting that

myokines may be effective in improving cognitive function (5, 6).

Therefore, since physical activity is closely related to skeletal muscle

performance (7), the quantity, quality, and function of skeletal

muscle may substantially impact cognitive function.

From an epidemiological perspective, the association between

sarcopenia and MCI has been reported in numerous observational

studies and systematic reviews (8–10). Sarcopenia is defined as

an age-related decline in skeletal muscle mass, muscle strength,

and physical function, with decreased physical activity and poor

nutrition as risk factors (11). As evidence suggests a close

relationship between reduced muscle mass and strength and

neuroinflammatory responses in the cerebrum, many individuals

with sarcopenia may experience a cognitive decline (12, 13).

However, the associations between sarcopenia and cognitive

function may be controversial due to methodological issues such

as insufficient sample sizes, and no consistent conclusions have

been obtained (8, 9). In addition, the relationship between sex- and

age-related sarcopenia and cognitive function in Japan’s super-aged

society, particularly with regard to cognitive decline in severely

physically impaired sarcopenic individuals, has not been examined,

and these findings may serve as a guideline for the realization of

healthy longevity.

This study aimed to examine the association between

sarcopenia and cognitive function, and its specificity by sex and

age, in a large sample of community-dwelling older Japanese

adults. These findings may provide a valid basis for detecting

cognitive decline according to skeletal muscle characteristics in

older populations.

Methods

Study design and participants

This study analyzed cross-sectional data from the Integrated

Research Initiative for Living Well With Dementia Cohort Study

(IRIDE-CS) conducted by the Tokyo Metropolitan Institute

of Gerontology (14). The IRIDE-CS included five cohorts

of community-dwelling older adults (≥65 years) from the

Otassha Study (n = 3,426), Takashimadaira Study (n = 2,053),

Septuagenarians, Octogenarians, Nonagenarians Investigation with

Centenarians (SONIC) Study (n = 567), Hatoyama Study

(n = 742), and Kusatsu Longitudinal Study on Aging (n =

1,392). Each cohort is an ongoing longitudinal study with its own

recruitment methods (15–19). A total of 8,180 older adults were

included in the IRIDE-CS.

All participants were informed about the aims and protocols

of each cohort study as well as the IRIDE-CS, and written

informed consent was obtained. This study was conducted in

accordance with the Declaration of Helsinki and was approved by

the Research Ethics Committee of the TokyoMetropolitan Institute

for Geriatrics and Gerontology (R21–28).

Assessment of sarcopenia

Sarcopenia status was based on lean mass, muscle strength,

and physical function, and was defined according to the criteria

established by the 2019 Asian Working Group for Sarcopenia

(AWGS) (11). Lean mass was assessed using direct segmental

multi-frequency bioelectrical impedance analysis (InBody S10,

Biospace, Seoul, Korea for Takashimadaira cohort, InBody 720

analyzer, InBody Co., Ltd., Seoul, Korea for the other cohorts). Low

muscle mass was defined as a skeletal muscle mass index of <7.0

kg/m2 for men and <5.7 kg/m2 for women. Low muscle strength

was defined as handgrip strength of 28 kg for men and < 18 kg for

women. Handgrip strength was assessed with Takei 5401 Digital

Dynamometer (Takei, Japan). Low physical function was defined as

a 5-m gait speed of<1.0 m/s for both sexes. Sarcopenia was defined

as low muscle mass, and either low muscle strength or low physical

function. Severe sarcopenia was defined as low muscle mass and

strength as well as low physical function.
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Definition of poor cognitive function

Cognitive function was assessed using the Mini-Mental State

Examination, which assessed the following: time registration,

place registration, immediate and delayed recall of three words,

mathematical calculation, object naming, sentence recall, three

levels of verbal commands, written commands, sentence writing,

and pentagon drawing (20). The cutoff for MMSE was set at

24 points, at which substantial hippocampal atrophy may be

detected (21).

Assessment of covariates

Information on the history of non-communicable diseases

(hypertension, diabetes, dyslipidemia, and stroke) was obtained

using a questionnaire with yes/no answers in self-reported form

and interview. Data on smoking status (never/past/current),

drinking status (never/past/current), educational attainment

(years), frequency of going outdoors (days per week) (<1, 1–2, 3–6,

7), exercise habits (days per week; <1, 1–4, >4), and depressive

symptoms [Geriatric Depression Scale-15 (GDS-15)] were also

obtained (22).

Statistical analysis

Participants were divided by sex and age (65–74 and ≥

75 years). Continuous variables, which performed normality

tests, were expressed as means (standard deviations) or median

[interquartile range], and categorical variables were expressed as

numbers and percentages.

The association between sarcopenia severity and poor cognitive

function was evaluated using binary logistic regression analyses.

Multivariable odds ratios (ORs) and 95% confidence intervals (CIs)

were calculated using non-sarcopenia as a reference after adjusting

for age, educational attainment, smoking and drinking status,

cohort categories, living alone, history of non-communicable

diseases (hypertension, diabetes, dyslipidemia, and stroke), GDS-15

scores, frequency of going outdoors, and exercise habits. Sex- and

age-stratified analyses were also performed. In addition, the

linearity association was tested by entering sarcopenia severity as

a continuous variable in a regression model. Finally, to test whether

sex differences in the association between sarcopenia severity and

cognitive function existed, an interaction term (sex∗sarcopenia

severity) was created and added to the multivariate model

for analysis.

Data were analyzed using SPSS Statistics version 25.0 (IBM

Corporation, Armonk, NY, USA), and statistical significance was

set at p < 0.05.

Results

Some of the SONIC and Takashimadaira studies were excluded

from the analysis because sarcopenia could not be determined

(e.g., missing body composition and gait function). In addition,

those with missing MMSE scores (n = 91) and sarcopenia status

(n= 404) were excluded. In total, 6,426 participants were included

in the analysis (Figure 1).

The characteristics of the cohort [mean age (min-max): 72.9

(65–95) years] are shown in Table 1. The prevalence of sarcopenia

was 13.9% for men and 13.3% for women. The prevalence of

severe sarcopenia was 4.2% for men and 3.9% for women. Poor

cognitive function was observed in 270 participants (4.2%), with a

higher prevalence in men (5.7%) compared with in women (3.4%).

Educational attainment was higher in men than in women and

decreased with sarcopenia severity in both sexes.

There was a positive association between sarcopenia severity

and poor cognitive function (P for trend<0.001). Themultivariable

OR (95% CIs) for poor cognitive function was 2.19 (1.54, 3.13)

for individuals with sarcopenia and 3.43 (2.14, 5.49) for those with

severe sarcopenia (Table 2).

The sex- and age-stratified analyses showed that prevalence

of poor cognitive function was higher in the older age group

than in the younger age group for both sexes. Additionally, the

prevalence of poor cognitive function was higher in men (57.2%)

than that in women (34.0%) and higher in older category (86.5%

for men and 59.7% for women). Multivariate analyses showed a

positive association between sarcopenia severity and poor cognitive

function in both sexes and age-category. Its association was

stronger in women than men (p for interaction; <0.001) between

sex and sarcopenia severity in both age groups.

Discussion

This study investigated the association between sarcopenia

severity and poor cognitive function according to sex and

age among community-dwelling older adults in Japan. There

was a linear relationship between sarcopenia severity and poor

cognitive function across different sex and age categories and was

most clearly reflected in the older age group. Additionally, this

association was stronger in women compared with men. These

findings indicate that the association between sarcopenia severity,

or skeletal muscle health, and cognitive function is clearer for

women than for men. Additionally, these results suggest that

skeletal musclemass and function andmotor control may be closely

associated with cognitive function and, through related behavior

change, may serve as a method for preventing MCI and dementia.

Systematic reviews and meta-analyses have reported an

association between sarcopenia and cognitive impairment, but

the heterogeneity is high and inconclusive (8, 9). Our results

showed that severe sarcopenia was associated with a higher risk

of poor cognitive function than sarcopenia and non-sarcopenia

in both sexes and age categories, consistent with a previous

study demonstrating a strong association between poor physical

function and cognitive impairment (23). Therefore, not only

muscle mass, but also muscle strength and gait function may

contribute to cognitive function. The role of skeletal muscle as

an endocrine organ includes the secretion of myokines with its

contraction in exercise. For instance, physical activity and exercise

stimulate BDNF expression in the hippocampus, a brain region

responsible for memory and learning (24). This association is

widely recognized as muscle-brain crosstalk, and quantitative and

qualitative (neurological) aspects of skeletal muscle are closely
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FIGURE 1

Flowchart of participant selection.

related to poor cognitive function (6, 25). Indeed, aerobic and

resistance exercise interventions have been shown to be effective

in improving cognitive function, regardless of cognitive status (26).

Other possibilities include an increased fear of falling and injury

due to reduced skeletal muscle function, which may result in a

shift away from social participation and a decline in cognitive

function (27). Alternatively, the progression of sarcopenia could

lead to vascular cognitive dysfunction via exacerbation ofmetabolic

diseases (28). Therefore, further longitudinal studies from multiple

perspectives on the relationship between sarcopenia and cognitive

function are needed.

The detailed mechanisms for the sex differences in the

effects of sarcopenia severity on cognitive function are unclear,

although they may be related to biological differences between

men and women, such as differences in brain volume (29,

30), sex hormones (31), and body composition and physical

performance (31). In particular, brain volume is related to brain

reserve and is known to be one of the factors contributing

to sex differences in cognitive decline (32). It has also been

shown that elevated inflammatory markers (e.g., interleukin-6

and C-reactive protein) associated with reduced skeletal muscle

mass are particularly noticeable in women (33). These may be

one factor explaining the possible strong association between

sarcopenia severity and poor cognitive decline in women than in

men (29).

Moreover, the correlation between sarcopenia and poor

cognitive function may be due to inflammation, oxidative

stress, and abnormal hormone secretion (34). These conditions

affect skeletal muscle and brain health and may contribute to

brain atrophy in neurodegenerative diseases (35). In addition,

inflammatory biomarkers, such as tumor necrosis factor-α,

interleukin-6, and C-reactive protein, are associated with physical

function and medial temporal lobe atrophy (36, 37). Therefore,

future longitudinal studies should be conducted to ascertain

whether inflammatory markers mediate the association between

sarcopenia and poor cognitive function.

We clearly demonstrated linear association between sarcopenia

severity and poor cognitive function according to sex and

age categories. This can be attainable due to larger sample

size than that of previous studies and systematic reviews.

However, there are several noteworthy limitations. First, the

study’s cross-sectional and observational nature prevented the

determination of causal relationships between sarcopenia and

poor cognitive function. Second, although the model adjusted

for potential confounding factors, unmeasured confounders may

have affected the association, including dietary habits, and genetic

factors. Third, the voluntary nature of participation in health

checkups may have led to selection bias, where the individuals

who underwent checkups tended to have higher health literacy

levels, and those who did not might have had additional health
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TABLE 1 Characteristics of the cohort according to the severity of sarcopenia.

Men (n = 2,220) Women (n = 4,206)

Sarcopenia status Sarcopenia status

Overall
(n = 6,426)

Non-
sarcopenia
(n = 1,819,
81.9%)

Sarcopenia
(n = 309, 13.9%)

Severe
sarcopenia
(n = 92, 4.2%)

Non-sarcopenia
(n = 3,481,
82.8%)

Sarcopenia
(n = 559, 13.3%)

Severe
sarcopenia

(n = 166, 3.9%)

Age, years 74 [9] 73 [10] 79 [7] 83 [6] 73 [9] 78 [8] 80 [8]

65–74 3,438 (53.5) 1,078 (59.3) 70 (22.7) 9 (9.8) 2,081 (59.8) 180 (32.2) 20 (12.0)

≥75 2,988 (46.5) 741 (40.7) 239 (77.3) 83 (90.2) 1,400 (40.2) 379 (67.8) 146 (88.0)

MMSE, score 29 [3] 29 [2] 28 [4] 27 [4] 29 [2] 28 [2] 27 [4]

Poor cognitive function, yes 270 (4.2) 74 (4.1) 34 (11.0) 19 (20.7) 75 (2.2) 35 (6.3) 33 (19.9)

Past medical history

Hypertension 2,849 (44.3) 880 (48.4) 145 (46.9) 49 (53.3) 1,439 (41.3) 249 (44.5) 87 (52.4)

Diabetes 811 (12.6) 322 (17.7) 62 (20.1) 20 (21.7) 328 (9.4) 57 (10.2) 22 (13.3)

Dyslipidemia 2,257 (35.1) 510 (28.0) 78 (25.2) 22 (23.9) 1,373 (39.4) 227 (40.6) 47 (28.3)

Stroke 377 (5.9) 154 (8.5) 23 (7.4) 16 (17.4) 137 (3.9) 32 (5.7) 15 (9.0)

Smoking

Current 624 (9.7) 312 (17.2) 54 (17.5) 13 (14.1) 201 (5.8) 35 (6.3) 9 (5.4)

Past 1,623 (25.3) 968 (53.2) 162 (52.4) 52 (56.5) 370 (10.6) 52 (9.3) 19 (11.4)

Never 4,065 (63.3) 505 (27.8) 89 (28.8) 23 (25.0) 2,865 (82.3) 459 (82.1) 124 (74.7)

Alcohol consumption

Current 2,844 (44.3) 1,190 (65.4) 173 (56.0) 34 (37.0) 1,265 (36.3) 143 (25.6) 39 (23.5)

Past 518 (8.1) 172 (9.5) 54 (17.5) 20 (21.7) 206 (5.9) 50 (8.9) 16 (9.6)

Never 2,881 (44.8) 393 (21.6) 66 (21.4) 29 (31.5) 1,955 (56.2) 341 (61.0) 97 (58.4)

Educational attainment, years 12 [4] 12 [4] 12 [7] 12 [7] 12 [3] 12 [3] 11 [3]

GDS-15, score 2 [3] 2 [3] 3 [5] 4 [4] 2 [3] 3 [5] 4 [4]

Depressive symptoms, n 1,244 (19.4) 313 (17.2) 96 (31.4) 30 (32.6) 568 (16.3) 180 (32.2) 57 (34.3)

Frequency of going outdoors (days per week)

<1 39 (0.6) 12 (0.7) 3 (1.0) 3 (3.3) 12 (0.3) 3 (0.5) 6 (3.6)

1–2 192 (3.0) 49 (2.7) 13 (4.2) 8 (8.7) 67 (1.9) 34 (6.1) 21 (12.7)

3–6 1,269 (19.7) 310 (17.0) 78 (25.2) 26 (28.3) 665 (19.1) 148 (26.5) 42 (25.3)

7 4,902 (76.3) 1,445 (79.4) 213 (68.9) 52 (56.5) 2,727 (78.3) 370 (66.2) 95 (57.2)

Exercise habits (days per week)

<1 888 (13.8) 246 (13.5) 41 (13.3) 13 (14.1) 471 (13.5) 89 (15.9) 28 (16.9)

1–4 5,068 (78.9) 1,380 (75.9) 237 (76.7) 65 (70.7) 2,842 (81.6) 427 (76.4) 117 (70.5)

>4 86 (1.3) 49 (2.7) 2 (0.6) 1 (1.1) 30 (0.9) 2 (0.4) 2 (1.2)

Data are means (standard deviations) or median [interquartile range], or numbers (percentages).

MMSE, Mini-mental State Examination; GDS, Geriatric Depression Scale-15.

Depressive symptoms were defined as a GDS ≥ 5.
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TABLE 2 Sex-stratified odds ratios (95% confidence intervals) of poor cognitive function according to sarcopenia status and gender.

Age-stratified Number of cases
(%)

Sarcopenia Severe
sarcopenia

P for trend Interaction
between sex and

sarcopenia
severity

All participants (n= 6,426) 270 (4.2) Unadjusted 3.16 (2.37, 4.21) 9.91 (7.11, 13.81) <0.001

Age-adjusted 2.05 (1.52, 2.77) 4.50 (3.12, 6.51) <0.001

Multivariate† 2.19 (1.54, 3.13) 3.43 (2.14, 5.49) <0.001

Men Total cohort

(n= 2,220)

127 (5.7) Unadjusted 2.92 (1.91, 4.46) 6.14 (3.52, 9.74) <0.001

Age-adjusted 1.93 (1.22, 3.06) 2.80 (1.48, 5.30) <0.001

Multivariate∗ 2.00 (1.14, 3.51) 2.78 (1.24, 6.23) 0.003

65–74 years

(n= 1,157)

35 (3.0) Age-adjusted 5.12 (2.16, 12.12) 4.71 (0.55, 40.02) 0.002

Multivariate∗ 3.74 (1.03, 13.60) 18.27 (1.29, 259.69) 0.007

≥75 years

(n= 1,083)

92 (8.7) Age-adjusted 1.45 (0.87, 2.42) 2.70 (1.42, 5.13) 0.005

Multivariate∗ 1.73 (0.92, 3.24) 2.41 (1.02, 5.70) 0.021



























































0.001

Women Total cohort

(n= 4,206)

143 (3.4) Unadjusted 3.37 (2.28, 4.96) 13.50 (8.88, 20.52) <0.001

Age-adjusted 2.00 (1.31, 3.07) 5.36 (3.26, 8.79) <0.001



























































0.001

Multivariate∗ 2.36 (1.48, 3.76) 4.18 (2.31, 7.56) <0.001 <0.001

65–74 years

(n= 2,281)

28 (1.2) Age-adjusted 3.05 (1.22, 7.63) 13.97 (3.75, 51.98) <0.001

Multivariate∗ 3.57 (1.29, 9.88) 15.68 (2.97, 82.93) 0.001

≥75 years

(n= 1,925)

115 (6.0) Age-adjusted 1.99 (1.27, 3.10) 5.15 (3.16, 8.41) <0.001

Multivariate∗ 2.04 (1.21, 3.44) 3.57 (1.87, 6.80) <0.001

The odds ratios and 95% confidence intervals were calculated using non-sarcopenia as a reference in each model.
†Adjusted for sex, age, educational attainment, smoking status, drinking status, cohort categories, living alone, history of non-communicable diseases (hypertension, diabetes, dyslipidemia, and stroke), geriatric depressive symptom (GDS ≥ 5), frequency of going

outdoors, and exercise habits.
∗ ,†minus sex.
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conditions or lower health literacy levels. Finally, poor cognitive

function was assessed using the MMSE, and a cutoff with high

sensitivity and specificity for MCI was applied. However, the

MMSE is not necessarily valid for diagnosing dementia or MCI.

Therefore, some participants with poor cognitive function may

have beenmisclassified. Future studies should incorporate methods

higher sensitivity levels for monitoring cognitive outcomes

during examinations.

Conclusion

In conclusion, sarcopenia severity was linearly associated with

poor cognitive function among community-dwelling older adults

in Japan, and this association was stronger in women compared

with men. Further studies should examine the longitudinal

relationship between sarcopenia and poor cognitive function,

including the onset of MCI and dementia.
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China, 6 Ganquan Community Health Service Center, Shanghai, China

Introduction: In the elder population, both low hemoglobin (Hb)/anemia and 
osteoporosis (OP) are highly prevalent. However, the relationship between Hb 
and OP is still poorly understood. This study was to evaluate the correlation 
between Hb and OP in Chinese elderly population.

Methods: One thousand and sisty-eight individuals aged 55–85 years were 
enrolled into this cross-sectional study during June 2019–November 2019. Data 
on the demographics and clinical characteristics were recorded. Detections of 
complete blood count, liver/kidney function, glucose metabolism and lipid profile, 
and thoracolumbar X-ray were performed, and bone mineral density (BMD) at 
lumbar spine 1–4, femur neck, and total hip was measured by dual-energy X-ray 
absorptiometry (DXA). Univariate and multivariate linear regression analyses were 
employed to evaluate the correlation between Hb with BMD T-score. Logistic 
regression analysis was performed to access the correlation between different Hb 
levels and the odds ratio (OR) for OP.

Results: Compared with non-OP group, OP patients had lower level of Hb. 
Univariate linear regression analysis indicated Hb level was positively related to 
the BMD of lumbar spine 1–4, femur neck and total hip, and this relationship 
remained after adjusting confounding variables [gender, age, body mass index 
(BMI), diabetes mellitus (DM) and morphological vertebral fracture]. Logistic 
regression analysis showed the ORs for OP decreased with the increase of Hb. 
Compared with the subjects with the lowest quartile of Hb, the OR for OP in the 
highest quartile group was 0.60 (0.41–0.89) after adjusting for gender, age and 
BMI, and the OR for OP was 0.62 (0.41–0.92) after further adjustment for gender, 
age, BMI, DM, and lipid indexes.

Discussion: In conclusion, Lower Hb level is related to lower BMD in the elderly 
population. However, whether Hb level could be used to predict the risk of OP 
needs to be further determined in more longitudinal clinical studies.
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1. Introduction

Along with the aging of society, osteoporosis (OP) and anemia 
become more and more popular, which may be  related to the 
prevalence of malnutrition in the aged population (1, 2). OP is a 
metabolic skeletal disease characterized by the decreased bone 
mineral density (BMD) and microarchitectural deterioration with 
increased bone fragility and susceptibility to fractures, which may 
increase the disability and mortality (3, 4). OP, the most common 
metabolic bone disorder, brings major burden to the public health and 
affects an enormous number of people (5). According to the statistics 
from the International Osteoporosis Foundation (IOF), one in three 
women and one in five men older than 50 years will experience 
osteoporotic fracture in their lifetime (6). There are many causes for 
the decreased BMD in the elder population, including reduction of 
sex steroid (7), lower insulin-like growth factor-1(IGF-1) (8), 
inadequate physical activity (9), and improper nutrition status (10). In 
addition, nutritional deficiency due to reduced dietary intake and/or 
inadequate absorption of particular nutrients has been identified as an 
important cause of osteopenia and OP (11).

Hemoglobins (Hbs) are large and complex protein molecules, and 
the Hb level is related to nutrients from dietary intakes (12). Animal 
experiments have shown that lower Hb level is related to the impaired 
bone turnover and poor bone strength (13–15). Dietary iron 
deficiency in Wistar rats can induce the decrease of Hb concentration, 
accompanied by decreased serum osteocalcin concentration, bone 
mineral content, BMD, and mechanical strength of the femur (14). 
Thalassemia and sickle cell anemia are two hematopoietic disorders. 
The trabecular bone volume, trabecular number, trabecular thickness, 
cortical thickness, and cortical area reduce significantly in both 
heterozygous and homozygous thalassemia mice (th3) (16). These 
bone abnormalities in thalassemia may be  induced by ineffective 
erythropoiesis, iron overload, chelation, and endocrine dysfunction 
secondary to iron overload (17, 18). In addition, abnormal bone 
microarchitectural and biomechanical properties have also been 
identified in sickle cell anemia mice (19). Comparing to wild-type 
mice, transgenic sickle cell anemia mice displayed significantly fewer 
and deteriorated geometry trabeculae, decreased cortical thickness, 
and lower elastic modulus of the cortical bone (19). These indicate that 
lower Hb level and anemia are related to the abnormal bone 
phenotypes in animals.

There is evidence showing that lower Hb level is related to the 
lower BMD. An Italy population-based study on 950 elderly 
individuals showed that the individuals with lower Hb levels or 
anemia had lower bone density on the peripheral quantitative 
computed tomography (pQCT), especially in the cortical bone (20). 
Similar results were reported in another Italy study on the elderly 
population (>75 years) when BMD was detected by ultrasound bone 
densitometer (21). A Korean cross-sectional study involving 13,127 
subjects (>20 years) also showed that Hb level was positively related to 
the lumbar spine and femoral neck BMD on dual-energy X-ray 
absorptiometry (DXA) in men (22). Concerning the possible 
biological mechanisms between Hb and BMD, the bone-derived 
hormone fibroblast growth factor 23 (FGF-23), mainly produced by 
osteoblasts and osteocytes, can regulate erythropoiesis and may be an 
important link between bone metabolism and erythropoiesis (23). 
Besides, another study proposed that extracellular acidification and 
oxidative stress under hypoxemia caused by anemia could increase 

bone resorption and lead to lower BMD (24). Nevertheless, a 
prospective longitudinal study from United States failed to show the 
association between Hb level and lumbar spine or total hip BMD in 
the community-dwelling older individuals (25). Besides BMD, some 
studies have also focused on the relationship between serum Hb level 
and fracture risk. A prospective cohort study showed that the 
increased fracture risk associated with anemia ranged from 7 to 38% 
across the fracture sites in the United States. postmenopausal women 
of diverse racial and ethnic backgrounds (26), but some other studies 
showed the U-shaped relationship between Hb level and hip fracture 
risk (27).

There were few studies investigating the relationship between Hb 
and OP in China. A cross-sectional study which included 495 type 2 
diabetes mellitus (T2DM) patients showed that Hb levels were 
associated with the presence of OP in male patients, especially in those 
with aged 50 years and older (28). Another retrospective study 
conducted in China demonstrated that the Hb level in the OP group 
were higher than those without OP, and moreover, BMD was 
negatively correlated with Hb level in postmenopausal women (29). 
To further confirm the relationship between Hb level and OP in aged 
Chinese individuals, we conducted a cross-sectional study with larger 
samples than the published study.

2. Materials and methods

2.1. Study population

This was a cross-sectional study conducted from June 2019 to 
November 2019. The participants in this study were recruited from 
individuals who underwent routine physical examination at Ganquan 
community and Yichuan community in Putuo District, Shanghai, 
China. Questionnaire including name, gender, age, birth of data, race, 
home address, weight, and height was collected during visit. The 
inclusion criteria were as follows: (1) 55–85 years old; (2) BMI 
between18.5 and 35.0 kg/m2; (3) normal liver and renal function; and 
(4) never use of drugs that can affect bone metabolism such as anti-
osteoporotic drugs, glucocorticoid, thyroid hormones, estrogen, and 
thiazolidinedione. The exclusion criteria were as follows: (1) a history 
of gastrointestinal surgery; (2) a history of Hb disease (e.g., sickle cell 
anemia, thalassemia); (3) a history of diseases that can affect Hb levels 
(e.g., diabetes insipidus and parathyroid storm); (4) a history of major 
cardiovascular and cerebrovascular diseases; (5) autoimmune diseases; 
(6) malignant tumors; (7) mental diseases; (8) Non-menopausal 
women; and (9) with unhealthy lifestyle habits (e.g., addiction to 
smoking and excessive drinking). A total of 1,068 participants (449 
males and 619 females) were recruited into this study. OP was 
diagnosed according to the AACE/ACE primary osteoporosis 
guideline (2020) (2). Written informed consent was obtained from 
each participant. This study was approved by the Ethics Committee of 
Shanghai Tongji Hospital.

2.2. Demographics and clinical 
characteristics

Data on demographics including age, height, weight, body 
mass index (BMI), and clinical characteristics (diseases, 
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medications, etc.) were recorded. Physical examinations were 
performed by trained medical staffs following standardized  
procedures.

2.3. Complete blood count and 
biochemical parameters

Fasting blood samples were obtained and complete blood 
count [red blood cell (RBC) count, Hb, mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular 
hemoglobin concentration (MCHC), and white blood cell (WBC) 
count] was measured using an automatic blood analyzer (SYSMEX 
XN3000) immediately. Serum and plasma were stored at −80°C 
for further automatic biochemical assays, including glucose 
metabolic indices, lipid profile [triglyceride (TG), total cholesterol 
(TC), low-density lipoprotein-cholesterol (LDL-C), and high-
density lipoprotein-cholesterol (HDL-C)], and liver and kidney 
function. All laboratory examinations were performed in Shanghai 
Tongji Hospital, Shanghai, China. Considering gender difference, 
patients were divided into four groups according to Hb quartiles 
as follows: Quartile 1, ≤143.0; Quartile 2, 143.1–151.0; Quartile 
3, 151.1–159.6; and Quartile 4, >159.6 g/L for men; and Quartile 
1, ≤130.0; Quartile 2, 130.1–137.0; Quartile 3, 137.1–143.0; and 
Quartile 4, >143.0 g/L for women, separately.

2.4. Thoracolumbar spine X-ray

The radiographs of the spine (standing long-cassette coronal and 
lateral views) of each individual were evaluated with the Genant visual 
semi-quantitative method independently by three radiologists. The 
lateral view should include at least T4 to L5.

2.5. BMD by dual-energy X-ray 
absorptiometry

Bone mineral density at lumbar spine 1–4, femur neck and total 
hip were detected by dual-energy X-ray absorptiometry (DXA, 
HOLOGIC Discovery; coefficient of variation <1%).

2.6. Statistical analysis

Kolmogorov–Smirnov test was used to assess the distribution of 
continuous variables. Data were expressed as median (interquartile 
range, IQR) or mean ± SD for continuous variables or as frequency (%) 
for categorical variables. The differences between continuous variables 
were examined using the Mann–Whitney U test or Student’s t-test; 
categorical variables were tested using the Chi-square test.

Multivariate linear regression model was employed to analyze 
the association of BMD T-score at each site with clinical 
characteristics and results from blood examinations. Logistic 
regression model was used to estimate the odds ratios for OP 
according to different Hb levels/categories. All analyses were 
adjusted for gender, age, and BMI (Model 1), and then for gender, 
age, BMI, and diabetes mellitus (DM; Model 2), and further for 

gender, age, BMI, DM, TG, TC, LDL-C, and HDL-C. A value of 
two-sided p < 0.05 was considered statistically significant.

3. Results

3.1. Clinical characteristics

The enrolled individuals (n = 1,068) were divided into osteoporotic 
(OP) and non-osteoporotic (non-OP) groups according to the 
guideline from the IOF (30). Subjects in the OP group had significantly 
older age (68.81 ± 4.96 vs. 67.81 ± 5.57 years, p = 0.004) and lower BMI 
(23.15 ± 3.88 vs. 24.40 ± 3.47 kg/m2, p < 0.001) when compared with 
those in the non-OP group. Furthermore, the prevalence of DM was 
lower (20.54 vs. 30.05%, p = 0.001) and the rate of morphological 
vertebral fracture was higher (78.85 vs. 45.22%, p < 0.001) in the OP 
group as compared to the non-OP group.

Red blood cell count, Hb, and mean corpuscular hemoglobin (MCH) 
were markedly lower in the OP group than in the non-OP group 
(4.56 ± 0.51 × 1012/L vs. 4.78 ± 0.50 × 1012/L, p < 0.001; 137.68 ± 12.35 vs. 
145.40 ± 13.15 g/L, p < 0.001 and 30.37 ± 1.83. vs 30.65 ± 1.72 pg., p = 0.015). 
Moreover, as compared to the subjects in the non-OP group, subjects in 
the OP group had lower fasting plasma glucose (FBG; 5.51 ± 1.28 vs. 
5.80 ± 1.45 mmol/L, p = 0.001) and higher TC (5.41 ± 1.10 vs. 
5.05 ± 1.07 mmol/L, p < 0.001), LDL-C (3.11 ± 0.94 vs. 2.90 ± 0.95 mmol/L, 
p = 0.001) and HDL-C (1.51 ± 0.44 vs. 1.33 ± 0.40 mmol/L, p < 0.001) but 
lower TG (1.64 ± 0.93 vs. 1.79 ± 1.20 mmol/L, p = 0.020; Table 1).

3.2. Correlation between Hb and BMD 
T-score on multivariate linear regression 
analysis

The correlations of clinical parameters (gender, age, BMI, 
history of DM, and vertebral fracture) and Hb with BMD T-score 
were analyzed by multivariate linear regression. As compared to 
males, the gender of female was negatively related to the BMD 
T-score at lumbar spine 1–4 (β = −1.156, p < 0.001), femur neck 
(β = −0.494, p < 0.001), and total hip (β = −0.513, p < 0.001). Age 
was negatively related to the BMD T-score at the femur neck 
(β = −0.031, p < 0.001) and total hip (β = −0.015, p = 0.004). 
Moreover, BMI and history of DM were positively related to the 
BMD T-score at lumbar spine 1–4 (β = 0.083, p < 0.001 and 
β = 0.409, p < 0.001), femur neck (β = 0.036, p < 0.001 and β = 0.244, 
p < 0.001), and total hip (β = 0.054, p < 0.001 and β = 0.303, 
p < 0.001), and fracture history was negatively related to the BMD 
T-score at femur neck (β = −0.178, p = 0.004) and total hip 
(β = −0.267, p < 0.001). Most interestingly, Hb level was positively 
related to the BMD T-score at lumbar spine 1–4 (β = 0.008, 
p = 0.035), femur neck (β = 0.006, p = 0.005), and total hip 
(β = 0.007, p = 0.007; Table 2).

3.3. Correlation between complete blood 
count and BMD T-score

Then, the correlation of complete blood count with BMD 
T-score was further evaluated after adjusting gender, age, BMI, 
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history of DM, and blood lipid profile (TG, TC, LDL-C, and 
HDL-C). In the Model 1, after adjusting gender, age and BMI, 
RBC count, and Hb level were positively related to the BMD 
T-score at lumbar spine 1–4 (β = 0.204, p = 0.020 and β = 0.008, 
p = 0.037), femur neck (β = 0.133, p = 0.011 and β = 0.006, 
p = 0.005), and total hip (β = 0.132, p = 0.023 and β = 0.007, 

p = 0.006). Meanwhile, MCV was negatively related to the BMD 
T-score at total hip (β = −0.010, p = 0.018) and MCHC was 
positively related to the BMD T-score at total hip (β = 0.007, 
p < 0.001). After further adjusting for DM (Model 2) and blood 
lipid profile (Model 3), the positively correlation between Hb and 
BMD T-score remained (Table 3).

3.4. Relationship of hemoglobin level with 
odds ratios of OP

In the overall enrolled individuals including men and women, the 
prevalence of OP in the groups of quartiles 3 and 4 of Hb level was 
lower than in the group of quartile 1 after adjusting gender, age, BMI, 
DM, TG, TC, LDL-C, and HDL-C (Table  4), and this was also 
observed in the groups of quartile 3 and 4 in women and in the group 
of quartile 3 in men (Table 4). For one SD increase of Hb level, the 
adjusted OR for OP was 0.73 (0.57–0.92; p = 0.008) in women and 0.74 
(0.57–0.96; p = 0.025) in men (Table 4).

4. Discussion

In the present study, a total of 1,068 individuals were enrolled 
and our results showed that OP individuals had significantly lower 
Hb level as compared to non-OP individuals, and the lower Hb 
level was related to higher OR of OP in the elderly 
Chinese population.

Currently, a total of 49.3 million women and 10.9 million men 
in China are estimated to have OP (31). Gender, age, and BMI are 
the major risk factors of OP. With the increase of age, the bone 
metabolism is impaired because of lower IGF-1 level (32), 
unbalanced sex hormones, lack of exercise, and so on (33). Lower 
BMI has been shown to have a relationship with higher risk of OP 
(34) which is induced by increased mechanical load on the bone 
with higher body weight and higher estrogen production in the 
adipose tissues (35). However, obesity may deteriorate bone 
because of ectopic adipocyte accumulation in the bone marrow 
(BM) cavities, and the adipocytes in BM can also release a wide 
variety of adipokines which may regulate bone remodeling 
directly or indirectly (36). Moreover, nutritional status and 
exercise levels can affect the correlation between Hb levels and 
BMD. Imbalance dietary habit can result in low protein and 
malnutrition, which can result in inadequate nutritional status 
and contribute to diseases such as anemia, hypoproteinemia, and 
low BMD (37). Moreover, physical exercise favors maintenance of 
bone mineral density during aging (38).

Anemia and OP always occur simultaneously in the elderly 
population. Some clinical studies have shown the relationship 
between anemia and risk of OP. One study conducted in Korea 
indicated a positive relationship between blood cell count and 
BMD in the healthy postmenopausal women which suggests that 
blood cell count may serve as a putative marker for estimating 
BMD (39). Another study on 371 postmenopausal women 
(including 82 anemic patients) showed that anemia was one of the 
risk factors for low BMD in the postmenopausal women (40). 
Moreover, a longitudinal study based on a large nationwide 

TABLE 1 Demographic and clinical characteristics of individual with/
without osteoporosis.

Variable Non-OP 
group 

(n = 659)

OP Group 
(n = 409)

p value

Gender (men/

women)

361/298 88/321 <0.001***

Age (years) 67.81 ± 5.57 68.81 ± 4.96 0.004**

BMI (kg/m2) 24.40 ± 3.47 23.15 ± 3.88 <0.001***

Diabetes mellitus, 

n (%)

198 (30.05) 84 (20.54) 0.001**

Vertebral fracture, 

n (%)

298 (45.22) 321 (78.85) <0.001***

Complete blood count

RBC count 

(×1012/L)

4.78 ± 0.50 4.56 ± 0.51 <0.001***

Hb (g/L) 145.40 ± 13.15 137.68 ± 12.35 <0.001***

MCV (fl) 91.56 ± 6.50 91.15 ± 6.66 0.329

MCH (pg) 30.65 ± 1.72 30.37 ± 1.83 0.015*

MCHC (g/L) 338.00 (321.00–

351.00)

336.00 (321.00–

348.00)

0.126

WBC count 

(×109/L)

5.75 ± 1.30 5.61 ± 1.41 0.102

Lipid profile

TG (mmol/L) 1.54 (1.00–2.08) 1.44 (1.00–2.00) 0.034*

TC (mmol/L) 5.05 ± 1.07 5.41 ± 1.10 <0.001***

LDL-C (mmol/L) 2.90 ± 0.95 3.11 ± 0.94 0.001**

HDL-C (mmol/L) 1.23 (1.00–1.55) 1.46 (1.09–1.97) <0.001***

Liver and kidney function

AST (U/L) 20.00 (17.00–24.00) 19.00 (17.00–23.00) 0.208

ALT (U/L) 17.00 (14.00–24.00) 16.00 (12.00–21.00) <0.001***

Serum creatinine 

(μmol/L)

75.00 (65.00–85.00) 67.00 (59.00–76.00) <0.001***

Bone mineral density (T-score)

Lumbar spine 

(L1–L4)

−0.77 ± 1.25 −2.89 ± 0.90 <0.001***

Femur neck −1.44 ± 0.69 −2.65 ± 0.60 <0.001***

Total hip −0.62 ± 0.79 −1.87 ± 0.71 <0.001***

Data are expressed as mean ± SD, median (p25–p75), or number (%).
Non-OP group, participants without OP; OP group, participants with OP; BMI, body mass 
index; RBC, red blood cell; Hb, hemoglobin; MCV, mean corpuscular volume; MCH, mean 
corpuscular Hb; MCHC, mean corpuscular Hb concentration; WBC, white blood cell; TG, 
Triglyceride; TC, Total cholesterol; LDL-C, low-density lipoprotein-cholesterol; HDL-C, 
high-density lipoprotein-cholesterol; AST, aspartate aminotransferase; and ALT, alanine 
aminotransferase. *p < 0.05; **p < 0.01; and ***p < 0.001.
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TABLE 2 Multivariate linear regression analysis of clinical parameters and BMD T-score.

BMD of lumbar spine (L1-L4; 
T-score)

BMD of femur neck (T-score) BMD of total hip (T-score)

Covariates β (95% CI) p value β (95% CI) p value β (95% CI) p value

Gender

Male Reference

Female
−1.156 (−1.354, 

−0.959)
<0.001***

−0.494 (−0.611, 

−0.378)
<0.001***

−0.513 (−0.643, 

−0.384)
<0.001***

Age 0.001 (−0.015, 0.016) 0.911
−0.031 (−0.040, 

−0.022)
<0.001***

−0.015 (−0.025, 

−0.005)
0.004**

BMI 0.083 (0.061, 0.105) <0.001*** 0.036 (0.023, 0.049) <0.001*** 0.054 (0.039, 0.068) <0.001***

DM

Non-DM Reference

DM 0.409 (0.222, 0.595) <0.001*** 0.244 (0.134, 0.354) <0.001*** 0.303 (0.181, 0.425) <0.001***

Morphological vertebral fracture

No fracture Reference

Fracture
−0.198 (−0.403, 

0.006)
0.057

−0.178 (−0.298, 

−0.057)
0.004**

−0.267 (−0.402, 

−0.133)
<0.001***

Hb 0.008 (0.001, 0.015) 0.035* 0.006 (0.002, 0.010) 0.005** 0.007 (0.002, 0.011) 0.007**

BMD, bone mineral density; BMI, body mass index; DM, diabetes mellitus; Hb, hemoglobin; CI, confidence interval. *p < 0.05; **p < 0.01; and ***p < 0.001.

TABLE 3 Correlation between blood indices and BMD T-score at lumbar spine1-4, femur neck, and total hip.

BMD of lumbar spine (L1–
L4; T-score)

BMD of femur neck 
(T-score)

BMD of total hip (T-score)

Covariates β p value β p value β p value

Model 1: Adjusting gender, age, and BMI

RBC count 0.204 0.020* 0.133 0.011* 0.132 0.023*

Hb 0.008 0.037* 0.006 0.005** 0.007 0.006**

MCV −0.008 0.224 0.000 0.957 −0.010 0.018*

MCH −0.002 0.935 0.008 0.568 0.024 0.141

MCHC 0.003 0.116 0.001 0.455 0.007 <0.001***

WBC count −0.001 0.985 −0.006 0.736 0.011 0.583

Model 2: Adjusting gender, age, BMI, and DM

RBC count 0.190 0.130 0.124 0.017** 0.121 0.036*

Hb 0.008 0.027* 0.006 0.003** 0.007 0.004**

MCV −0.005 0.405 0.002 0.651 −0.008 0.049*

MCH 0.009 0.715 0.015 0.309 0.032 0.048*

MCHC 0.003 0.128 0.001 0.492 0.006 <0.001***

WBC count −0.018 0.574 −0.017 0.373 −0.001 0.957

Model 3: Adjusting gender, age, BMI, DM, TG, TC, LDL-C, and HDL-C

RBC count 0.170 0.058 0.112 0.035* 0.083 0.158

Hb 0.007 0.049* 0.006 0.008** 0.005 0.033*

MCV −0.007 0.267 0.002 0.550 −0.006 0.153

MCH 0.010 0.679 0.016 0.273 0.035 0.029*

MCHC 0.004 0.050 0.001 0.526 0.006 <0.001***

WBC count −0.038 0.244 −0.024 0.203 −0.014 0.519

BMD, bone mineral density; RBC, red blood cell; Hb, hemoglobin; MCV, mean corpuscular volume; MCH, mean corpuscular Hb; MCHC, mean corpuscular Hb concentration; and WBC, 
white blood cell. *p < 0.05; **p < 0.01; and ***p < 0.001.
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population showed that patients with a history of iron deficiency 
anemia (IDA) had a near two-fold risk for OP (41).

With the increase of age, the decrease of Hb may be caused by 
the decline of red blood cell production due to hematopoietic 
dysfunction including reduced regenerative capacity and myeloid-
biased differentiation (1, 42), the shortened survival of red blood 
cells (43), nutritional deficiency, and impaired inflammatory 
processes (44). However, recent studies also reveal direct 
connection between bone metabolism and hematopoiesis. Firstly, 
hematopoiesis origin from bone marrow which facilitates 
structural support and provides sites for hematopoiesis (45). 
Secondly, osteoblastic lineage cells, as a part of hematopoietic 
stem cell niche, have been shown to support bone marrow 
hematopoietic stem and progenitor cells (HSPCs) in mice (46, 47). 
Other findings also indicate that bone marrow hematopoietic 
dysfunction may affect bone metabolism (48), Moreover, chronic 
hypoxia and its related oxidative stress (49, 50) due to lower Hb 
level may directly interfere with bone mass and bone 
metabolism (51).

There were several strengths in the present study. The 
individuals who had no diseases or did not take drugs which 
could influence Hb level and bone metabolism were included in 
this study, and thus the results may be applicable in most elderly 

subjects. However, there are also some limitations. (1) As a cross-
sectional study, the cause-and-effect relationships cannot be fully 
established and long-term follow-up studies are needed; (2) 
We did not take into account other factors that may affect the 
correlation between Hb levels and BMD, such as nutritional status 
and exercise levels in this study; and (3) Whether the increase of 
Hb level after nutritional supplementation may delay the bone loss 
in the elderly population is needed to be  determined by more 
randomized, controlled trials.

5. Conclusion

Serum Hb level is positively related to the bone mass in the elderly 
Chinese population and the decrease of Hb level may increase the 
odds ratio of OP. Thus, BMD should be monitored closely in the 
anemia patients.

Data availability statement

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

TABLE 4 Relationship between Hb quartiles and risk of OP after gender stratification and adjustment.

No. of 
participants

No. of 
cases

Model 1 Model 2 Model 3

Odds ratio 
(95% CI)

p value Odds ratio 
(95% CI)

p value Odds ratio 
(95% CI)

p value

Overall

Quartile1 256 124 1 (reference) 1 (reference) 1 (reference)

Quartile 2 281 122 0.84 (0.58–1.22) 0.361 0.84 (0.58–1.21) 0.339 0.83 (0.57–1.20) 0.310

Quartile 3 263 83 0.55 (0.37–0.81) 0.002** 0.54 (0.37–0.78) 0.002** 0.54 (0.36–0.80) 0.002**

Quartile 4 248 78 0.60 (0.41–0.89) 0.012* 0.60 (0.41–0.90) 0.012* 0.62 (0.41–0.92) 0.019*

p for trend 0.001** 0.001** 0.001**

One SD increase 0.75 (0.63–0.88) 0.001** 0.74 (0.63–0.88) <0.001*** 0.75 (0.63–0.89) 0.001**

Men

Quartile 1 120 30 1 (reference) 1 (reference) 1 (reference)

Quartile 2 108 22 0.88 (0.46–1.67) 0.695 0.89 (0.46–1.70) 0.716 0.84 (0.44–1.62) 0.603

Quartile 3 110 13 0.45 (0.21–0.94) 0.034* 0.44 (0.21–0.94) 0.034* 0.42 (0.19–0.89) 0.024*

Quartile 4 111 21 0.87 (0.45–1.69) 0.688 0.88 (0.45–1.71) 0.699 0.79 (0.39–1.57) 0.493

p for trend 0.340 0.347 0.225

One SD increase 0.79 (0.62–1.01) 0.057 0.79 (0.61–1.01) 0.059 0.74 (0.57–0.96) 0.025*

Women

Quartile 1 156 94 1 (reference) 1 (reference) 1 (reference)

Quartile 2 173 100 0.82 (0.52–1.29) 0.390 0.80 (0.51–1.27) 0.350 0.78 (0.49–1.24) 0.291

Quartile 3 153 70 0.57 (0.36–0.92) 0.020* 0.57 (0.35–0.91) 0.018* 0.57 (0.35–0.92) 0.022*

Quartile 4 137 57 0.50 (0.31–0.81) 0.005** 0.50 (0.31–0.81) 0.005** 0.52 (0.32–0.86) 0.010*

p for trend 0.002** 0.002** 0.004**

One SD increase 0.71 (0.56–0.89) 0.003** 0.70 (0.56–0.89) 0.003** 0.73 (0.57–0.92) 0.008**

Model 1: Adjusted for gender, age, and BMI. Model 2: Adjusted for gender, age, and DM. Model 3: Adjusted for gender, age, BMI, DM, TG, TC, LDL-C, and HDL-C.
CI, confidence interval. *p < 0.05; **p < 0.01; and ***p < 0.001.
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Adherence to the physical activity 
guideline beyond the 
recommended minimum weekly 
amount: impacts on indicators of 
physical function in older adults
Jort Veen , Peter Edholm , Lara Rodriguez-Zamora , 
Mattias Folkesson , Fawzi Kadi  and Andreas Nilsson *

School of Health Sciences, Örebro University, Örebro, Sweden

Introduction: The extent to which additional health benefits of accumulating 
twice the minimum amount of time in moderate-to-vigorous physical activity 
(MVPA) affects indicators of physical function in older adults is unclear. Therefore, 
the aim of the present study was to assess indicators of physical function in 
older adults who accumulate at least 150 but less than 300 min/week of MVPA 
compared to those accumulating at least 300 min/week.

Methods: Indicators of physical function, including handgrip strength, 5 times sit-
to-stand test (5-STS), squat jump and 6-min walk test (6MWT) were assessed in a 
sample of 193 older men (n = 71, 67 ± 2 years), and women (n = 122, 67 ± 2 years), who 
all accumulated at least 150 weekly minutes of MVPA. Time in MVPA was assessed 
by accelerometry during 1 week and engagement in muscle strengthening 
activities (MSA) was assessed by self-report. Protein intake was assessed by a 
food-frequency-questionnaire. Participants were classified as physically active 
(≥150 but <300 min of MVPA per week) or as highly physically active (≥300 min of 
MVPA per week).

Results: Factorial analysis of variance revealed that older adults accumulating 
at least 300 min of MVPA per week had a significantly (p < 0.05) better 6MWT 
performance and overall physical function compared to the less active group. 
These findings remained significant after further adjustment for MSA, sex, waist 
circumference and protein intake. In contrast, no significant differences in 
indicators of muscle strength were observed between the two groups.

Discussion: Adherence to twice the recommended minimum amount of weekly 
MVPA time is related to a better physical function, evidenced by a better walking 
performance compared to adherence to the minimum weekly amount of MVPA. 
This finding emphasizes the benefits of accumulating daily MVPA beyond the 
minimum recommended amount to optimize the ability to perform activities of 
daily living, thus reducing the burden of physical disability and related health-care 
costs.

KEYWORDS

exercise, sarcopenia, aging, muscle strength, physical performance, protein intake, 
six-minute walk test

OPEN ACCESS

EDITED BY

Ricardo Aurélio Carvalho Sampaio,  
Federal University of Sergipe, Brazil

REVIEWED BY

Garyfallia Pepera,  
University of Thessaly, Greece
Juliette Hussey,  
Trinity College Dublin, Ireland

*CORRESPONDENCE

Andreas Nilsson  
 andreas.nilsson@oru.se

RECEIVED 30 March 2023
ACCEPTED 22 May 2023
PUBLISHED 13 June 2023

CITATION

Veen J, Edholm P, Rodriguez-Zamora L, 
Folkesson M, Kadi F and Nilsson A (2023) 
Adherence to the physical activity guideline 
beyond the recommended minimum weekly 
amount: impacts on indicators of physical 
function in older adults.
Front. Public Health 11:1197025.
doi: 10.3389/fpubh.2023.1197025

COPYRIGHT

© 2023 Veen, Edholm, Rodriguez-Zamora, 
Folkesson, Kadi and Nilsson. 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 13 June 2023
DOI 10.3389/fpubh.2023.1197025

70

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.2023.1197025%EF%BB%BF&domain=pdf&date_stamp=2023-06-13
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1197025/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1197025/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1197025/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1197025/full
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1197025/full
mailto:andreas.nilsson@oru.se
https://doi.org/10.3389/fpubh.2023.1197025
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.2023.1197025


Veen et al. 10.3389/fpubh.2023.1197025

Frontiers in Public Health 02 frontiersin.org

1. Introduction

The aging process is accompanied by a gradual decline in physical 
performance including compromised muscle strength, muscle power 
and aerobic capacity (1–3). These changes lead to a reduced physical 
function, which in turn may limit older adults’ ability to carry out 
tasks of daily living, reduce their independency and increase the risk 
of sarcopenia (4, 5).

Major health organizations, including the World Health 
Organization (WHO), have emphasized the important role of regular 
physical exercise as a therapeutic tool to delay age-related functional 
decline and treat functional limitations (6). Therefore, a physically 
active lifestyle represents a key behavior to maintain physical function 
by advancing age (7), where engagement in moderate-to-vigorous 
physical activity (MVPA) is related to better functional health 
outcomes (8–10). Current PA guidelines for older adults (65+) 
stipulate engagement in 150–300 weekly minutes of aerobic type PA 
of at least moderate intensity to promote healthy aging (11). 
Furthermore, the WHO also indicates that additional health benefits 
would be  achieved by accumulating twice the recommended 
minimum amount of aerobic type MVPA (300 weekly minutes) (11). 
Indeed, based on data from two databases the NHS (Nurses’ Health 
Study) and the HPFS (Health Professionals Follow-Up Study) 
including 116,221 female nurses with an age range between 30 and 
76 years, it was shown that adults reporting at least twice the 
recommended minimum amount of either vigorous intensity PA or 
moderate intensity PA exhibited a significantly lower mortality risk 
compared to those reporting less time in PA of any intensity (12). 
Interestingly, a recent meta-analysis of observational studies including 
36,383 participants (mean age: 62.6 years) based on objective 
assessment of PA using accelerometry reported that higher PA volume 
are related to a lower risk for premature mortality irrespective of the 
intensity level (13). Notably, the dose–response relationship between 
time in MVPA and all-cause mortality did not reveal any further 
significant risk reduction beyond a daily average amount of 25 min 
MVPA, which roughly corresponds to the minimum weekly 
recommended amount of MVPA, i.e., 150 min. Furthermore, using 
baseline data from the Alberta Caring for Diabetes (ABCD) cohort 
study including 1948 participants no further benefits on health-related 
quality of life were denoted between participants accumulating twice 
the recommended minimum amount of MVPA and those reporting 
less MVPA time (14). However, as indicated by the authors of that 
study the lack of statistical power may provide an explanation to the 
lack of significant differences between those who met baseline 
recommendations and those who adhered to twice the minimum 
recommendation (14). Thus, the proposed additional benefit of 
exceeding recommended minimum amount of MVPA remains a 
matter of debate and is likely dependent on the health outcome of 
interest. Currently, the extent to which additional accumulation of 
twice the minimum amount of MVPA benefits indicators of physical 
function in older adults is unknown. This is unfortunate given the 
importance of maintained physical function during the aging process. 
Additionally, the exploration of the potential benefits of accumulating 
MVPA time beyond the minimum recommendations would 
be substantially strengthened by the use of objectively assessed MVPA 
time, complemented by self-reported information regarding the type 
of activities performed. Indeed, in addition to the weekly aerobic type 
MVPA, older adults should engage in muscle-strengthening activities 

(MSA) at least twice a week (11). Emerging evidence suggests that 
engagement in MSA is related to a lower risk of sarcopenia (15), lower 
fall incidence (16), lower prevalence of obesity (17), and lower 
mortality risk (18). Therefore, adherence to the MSA guideline should 
be taken into account when investigating the potential benefits of 
accumulating twice the recommended minimum amount of aerobic 
type MVPA on indicators of physical function in older adults.

The aim of the present study was to assess physical function in 
older adults who accumulate at least 150 min/week but less than 
300 min/week of MVPA compared to those accumulating at least 
300 min/week, while taking into account engagement in MSA, protein 
intake and central obesity.

2. Materials and methods

2.1. Participants

Seventy-one men (67 ± 2 years) and 122 women (67 ± 2 years) were 
recruited through local advertisement. Inclusion criteria included the 
following: adherence to the recommended weekly amount of at least 
150 min of MVPA including absence of overt diseases, cardiovascular, 
diabetes and psychiatric conditions and disability issues regarding 
immobility. All procedures were conducted according to the principles 
set by the Declaration of Helsinki and all participants were provided 
with written information regarding the study and written signed 
consent was obtained. The study protocol was approved by the 
regional ethics committee of Uppsala, Sweden (Dnr, 2017/511).

2.2. Anthropometry

All anthropometric measurements were performed by trained 
personal. Body weight and body height were measured using 
standardized conditions and following standard procedures (19). 
Participants arrived at the testing facility between 8:00 a.m. and 
9:30 a.m. after an overnight fast. Weight was recorded using a Tanita 
scale (Tanita MC-780, Tanita Amsterdam, The Netherlands) to the 
nearest 0.1 kg. Body height was measured using a portable stadiometer 
(Seca 213, Hamburg, Germany) to the nearest 0.1 cm. Waist 
circumference (WC) was measured to the nearest 0.1 cm at the 
midpoint between the iliac crest and lower costal margin in a standing 
position (19) using a measuring tape (Seca 201, Hamburg, Germany).

2.3. Physical activity

Daily time spent in MVPA was assessed using the Actigraph GT3x 
(Actigraph, Pensacola, FL, United States) accelerometer, as previously 
described (20). All participants were instructed to wear the activity 
monitor during awake time for seven consecutive days with exception 
for showering or other water-based activities. The activity monitor was 
placed at the right hip using an adjustable waste-mounted elastic belt. 
Participants were instructed not to alter their daily living routines 
during the measurement period. A minimum of 10 h of daily wear 
time accumulated during at least 4 days was required for inclusion in 
further data analysis of physical activity. Accelerometer count 
cut-point for MVPA was set to >2019 counts per minute according to 
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Troiano et  al. (21). Based on average daily time spent in MVPA, 
participants were classified as physically active (accumulating 
≥150 min but <300 min of MVPA per week) or as highly physically 
active (accumulating ≥300 min of MVPA per week). Engagement in 
MSA was assessed using the EPAQ2 questionnaire, which has 
previously been validated (22). Accordingly, participants reported on 
duration and frequency of MSA during the last 12 months regarding 
the following activities: strength training, yoga and qigong types, 
rhythmic gymnastics, rubber band resistance exercises, water-based 
gym, group-based workout, DVD-based resistance exercises, core 
workout, and sit-ups. Participants reporting MSA at least twice a week 
were classified as adhering to the MSA guideline.

2.4. Protein intake

Daily protein intake was assessed by a validated food frequency 
questionnaire (FFQ) (23). Daily protein intake was expressed as g 
protein/kg body weight. Participants with a daily protein intake of at 
least 1.1 g/BW were classified as meeting recommendations on 
adequate protein intake in older adults (24).

2.5. Physical function

Handgrip strength (expressed in kg/kg body weight) was assessed 
by standardized procedures using a Jamar handheld dynamometer 
(Patterson Medical, Warrenville, IL, United States). Handgrip strength 
was assessed in standing position with elbow flexed 90° and wrist in 
neutral position. Participants performed 3 maximal attempts 
separated by 1.5 min of rest, where the highest score was recorded. A 
five times sit-to-stand test (5-STS; expressed in seconds, s) was 
performed, whereby participants were instructed to start from a seated 
position in a chair to a fully upright standing position and to sit down 
back in the chair. This sequence was repeated five times. The 
participants were also instructed to place their arms across their chest 
during the test and to perform this sequence as quickly as possible. 
Squat jump performance (expressed in N/kg body weight) was 
assessed on a force platform (Kistler 9,281 B, Kistler Nordic AB, 
Sweden). Participants started from a static position with knee bent in 
a 90° angle, with their hands kept on the hip during the jump. 
Participants performed 3 maximal jumps separated by 1.5 min of rest. 
The highest recorded maximal ground reaction force during the 
concentric phase of the squat jump was recorded (25). A six-minute 
walk test (6MWT, expressed in meters, m) (26) was used to assess 
functional walking capacity and cardiorespiratory fitness. Participants 
were instructed to walk as fast as possible along a 50-meter corridor 
for a period of 6 min. Participants were allowed to rest in case of any 
discomfort during the 6 MWT. The total distance walked was recorded.

2.6. Physical performance score

A continuous clustered physical performance score (PPS) 
covering the separate physical function indicators was created. The 
PPS was derived by first transforming each physical function indicator 
into sex-specific standardized units (z-scores). Thereafter, the four 
standardized variables were summed and averaged into one 

sex-adjusted composite variable, with a mean value of zero and where 
a positive score indicates a better physical function compared to a 
negative score. Since longer time to complete the 5STS test indicates 
a lower physical function, data on 5STS were inverted before creating 
the PPS.

2.7. Statistical analyses

Data are presented as mean and standard deviation unless 
otherwise stated. Data were checked for normality using the 
Kolmogorov–Smirnov normality test and visual inspection. In case of 
deviations from normality, data were log-transformed to better fit a 
normal distribution. Differences in physical function indicators 
between the physically active and highly physically active groups were 
analyzed using a factorial analysis of variance (ANOVA). All models 
were adjusted by sex, engagement in MSA and adherence to protein 
intake guideline. In addition, models analyzing 6MWT and 5-STS 
performances were further adjusted by waist circumference to account 
for adiposity level on weight-related exercises. A priori power 
calculation showed that small to moderate effect sizes were detected 
with a power of ≥80%, when based on our sample size and alpha level 
set to 0.05. All analyses were conducted using SPSS version 28 (SPSS, 
Chicago, IL, United States).

3. Results

A total of 193 community-dwelling older men (n = 71, 
67 ± 2 years), and women (n = 122, 67 ± 2 years) were included in the 
analysis. Forty-eight percent of the participants (n = 93) accumulated 
≥150 but <300 weekly minutes of MVPA and 52% (n = 100) 
accumulated ≥300 weekly minutes of MVPA. Correspondingly, 27% 
(n = 52) of the participants engaged in MSA for at least twice a week. 
Thirty-three percent of the participants (n = 63) adhered to the protein 
recommendation of at least 1.1 g/kg/day. Data on anthropometric 
measurements in physically active and highly physically active older 
men and women are presented in Table  1. Data on indicators of 
physical function in the two groups are presented in Table 2.

We first compared clustered PPS between the physically active and 
highly physically active groups. Factorial ANOVA revealed a 
significantly higher PPS in the highly physically active compared to 
physically active group (0.12 ± 0.07 vs. −0.13 ± 0.07, p < 0.05). 

TABLE 1 Body composition variables in the study sample.

Physically active Highly physically 
active

Men
(n = 35)

Women
(n = 58)

Men
(n = 36)

Women
(n = 64)

Height (cm) 177.0 ± 5.3 164.3 ± 5.9 179.2 ± 6.4 165.6 ± 4.6

Weight (kg) 80.4 ± 12.9 64.6 ± 9.1 79.5 ± 8.9 63.0 ± 9.2

Waist 

circumference 

(cm)

95.1 ± 11.1 79.6 ± 8.2 92.3 ± 8.6 78.7 ± 8.9

Data are presented as mean ± SD.
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Importantly, further adjustments by MSA, sex, WC and protein intake 
did not change the significance of the results (Figure 1).

Further analysis of each separate indicators of physical function 
showed that the highly physically active group had a significantly 
better 6MWT performance (p < 0.05) compared to the less active 
group (Table 2), which remained evident after adjustment for MSA, 
sex, WC, and protein intake (664 ± 6.09 m vs. 644 ± 6.46 m, p = 0.01). 
In contrast, no significant group differences in squat jump, hand grip 
strength and 5-STS were observed (Table 2).

4. Discussion

The World Health Organization recommends older adults to 
engage in a minimum of 150 weekly minutes of aerobic type PA of at 
least moderate intensity, while also advocating the potential health 
benefits of moving beyond this minimum threshold toward a doubling 
of the weakly recommended amount of aerobic type MVPA (300 
weekly minutes) (11). The scarcity of data addressing potential 
benefits of accumulating twice the minimum amount of MVPA on 
health outcomes in older adults may be explained by a generally low 
PA level in age groups similar to ours, i.e., above 65 years. Moreover, 
the benefits of doubling the minimum recommended PA amount on 
indicators of physical function in aging populations have not been 
previously explored. In the present study we show for the first time 
that accumulation of ≥300 weekly minutes of MVPA is related to a 
significantly better physical function, which is driven by a significantly 
better walking performance in older adults when compared to older 
adults who accumulate between 150 and 300 min/week.

A recently published large prospective US cohort study showed 
that adults reporting at least twice the recommended minimum 
amount of MVPA exhibited a significantly lower mortality risk 
compared to those with less MVPA time (12). Interestingly, the 
authors of this study including 116,000 participants aged between 30 
and 76 years showed that engaging in twice the amount of either 
moderate or vigorous intensity PA would result in similar health 
benefits. In our study, times spent in moderate and vigorous intensity 
PA were not analyzed separately, hence the impact of PA intensities 
above the moderate threshold on physical performance outcomes 
cannot be clarified. Notably, none of the participants in our study 
accumulated twice the recommended amount of weekly vigorous PA 
(150 min or more). Therefore, data on PA spent in moderate and 
vigorous PA were collapsed into one MVPA variable showing that 
aerobic-type activities of at least moderate intensity, such as brisk 
walking, is beneficial for cardiorespiratory fitness in older adults, as 
mirrored by the better 6MWT performance.

The results from our current study expand on the findings from 
Lee et al. (12) showing that benefits of being physically active beyond 
the minimum recommended MVPA level also include a better 
physical function. However, in contrast to the favorable impact on 
walking performance, no corresponding benefits were observed for 
any indicator of muscle strength and function. Handgrip strength, a 
proxy for overall muscle strength commonly used for strength 
assessment in older adults (27) was similar in the two groups. It may 
be hypothesized that most activities performed within the MVPA 
domain were predominantly of aerobic type, which would unlikely 
elicit significant improvements in forearm muscle flexors (28). 
Further, although the 5-STS is an established functional test for 
assessment of functional ability and lower limb strength (29), it may 
lack sensitivity to detect differences between participants who already 
adhere to the MVPA guideline. However, we further took advantage 
of using an instrument with higher sensitivity, a force platform, to 
determine lower limb strength, which confirmed the lack of beneficial 
impact of accumulating twice the minimum recommended MVPA 
amount on lower limb strength. However, we have previously reported 
(15) that engagement in MSA alongside adherence to the minimum 
weekly MVPA time is positively related to indicators of muscle 
strength and function. Thus, it can be speculated that doubling the 
recommended aerobic type MVPA amount alone would not 
be sufficient to infer benefits on all dimensions of physical function 
including muscle strength.

The fact that adherence to the MSA guideline was considered in 
the statistical analysis strengthens the finding that adherence to twice 
the recommended MVPA amount is related to better walking 
performance. Importantly, adherence to MSA guideline should still 
be encouraged alongside adherence to the aerobic-type guideline for 
optimal impacts on physical function during aging, as MSA can 
improve important fall risk factors including strength and flexibility 
(30). These findings may hold important clinical and public health 
implications on the ability to perform activities of daily living and 
reducing the burden of physical disability and related health-care costs 
during the aging process.

Importantly, the findings from our study are strengthened by the 
use of both objectively assessed PA and self-reported engagement in 
MSA. Further, important factors known to impact on physical 
performance, including sex, protein intake, adiposity level and 
physical activity type (MSA) were considered in the analysis. It should 
be  noted that for the specific purpose of the present study, only 

TABLE 2 Indicators of physical performance in the study sample.

Physically active 
(n = 93)

Highly physically 
active (n = 100)

Squat Jump (N/kg 

bw)

9.4 ± 2.3 9.8 ± 2.2

Handgrip (kg/kg bw) 0.48 ± 0.1 0.50 ± 0.1

5-STS (s) 10.3 ± 2.0 10.0 ± 2.3

6MWT (m) 631 ± 63 655 ± 62*

Data are presented as mean ± SD. 5-STS, 5-time sit to stand; 6MWT, Six-minute walk test; kg 
bw, kilogram body weight. *p < 0.05. vs. Physically active.

FIGURE 1

Physical performance score (z-score) in physically active and highly 
physically active older adults. Data are means ± SEM, adjusted for 
MSA, sex, waist circumference and protein intake. *p < 0.05.
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physically active older adults were included, which implies that data 
on indicators of physical function may not be representative of a larger 
sample of older adults with sedentary lifestyles. Finally, due to the 
cross-sectional analysis, causality cannot be determined.

In conclusion, the present study shows that accumulating at least 
300 weekly minutes of MVPA is linked to a better walking performance 
in older adults compared to those just adhering to the minimum 
weekly amount of MVPA. However, in order to promote maintenance 
of muscle strength and function, engagement in MSA is likely 
necessary alongside adherence to the aerobic-type MVPA guideline.
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Introduction: Agility training (AT) is used to improve neuromuscular performance

and dynamic balance, which are crucial for the physical function of older adults.

Activities of daily living, which decrease with age, involve tasks that simultaneously

require motor, and cognitive abilities and can be considered dual tasks.

Methods: This study investigates a training program’s physical and cognitive

e�ects using an agility ladder on healthy older adults. This program consisted of

30-min sessions twice per week and lasted for 14 weeks. The physical training

included four di�erent sequences with progressive di�culty levels, while the

cognitive training (CT) included di�erent verbal fluency (VF) tasks for each physical

task. Sixteen participants (mean age of 66.9 ± 5.0 years) were allocated to two

groups: AT alone (AT) and dual-task training (AT combined with CT [AT + CT]).

Assessments were performed before and after 14 weeks of interventions using

physical functional tests (e.g., Illinois agility test, five times sit-to-stand test, timed

up and go [TUG], and one-leg stand) and cognitive tests (cognitive TUG, verbal

fluency, attention, and scenery picture memory test).

Results: After this period, both groups had significant di�erences in physical

performance, muscle power, agility, static and dynamic balance, and short-term

memory, whereas only the AT + CT group improved phonological verbal fluency,

executive function (TUG combined with a cognitive task), attention (trail-making

test-B), and short-term memory (scenery picture memory test).

Conclusion: Indicating that only the group that received direct cognitive training

had better enhanced cognitive function.

Clinical trial registration: www.ClinicalTrials.gov, identifier: RBR-7t7gnjk.

KEYWORDS

aging, cognitive function, executive function, dual-task, physical function

Introduction

Aging is associated with neuromuscular, cardiovascular, and central nervous system

decline (1) and has been shown to impair physical function and decrease muscle mass,

strength, and power (2), leading to functional limitations associated with independence and

autonomy reduction, decreasing, consequently, the quality of life in older adults. In this
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respect, the World Health Organization (WHO) reported that

the age-related decrease in neuromuscular and cognitive function

limits the execution of multiple tasks, such as walking and

talking on the cell phone, or walking and watching traffic

lights (3). The performance of multiple tasks may demand a

special effort to coordinate and modulate the physical (physical

action, e.g., walking) and cognitive task (cognitive action, e.g.,

attention and executive function), simultaneously. The capacity

to modulate these functions is reduced with age. Moreover,

functional decline and geriatric syndromes associated with non-

communicable diseases reduce the capacity to perform activities of

daily living (1, 4).

The modulation of dual tasks or multiple tasks requires

divided attention in different actions, physical or cognitive

tasks. This modulation may have interfered with gait and

postural control, which may cause the risk of falling (3).

Therefore, new strategies, and therapies have been developed

as aerobic training, stepping training (agility), and resistance

training in dual task (physical task + cognitive task,

simultaneously), preserving neuromuscular and cognitive

function (5–9).

Agility training (AT) is the other physical function that can

increase neuromuscular performance and dynamic balance (10).

Agility has classically been defined as the simple ability to change

direction rapidly. According to Young et al., agility involves a rapid

displacing of the center of mass by changing direction or speed

when reacting to a stimulus (11). On the other hand, this kind of

physical activity was used as a methodology to improve physical

function in older adults (12).

Yamada et al. (9) trained older adults during 60min of rhythmic

step exercise (step to multidirectional) with a cognitive task

(reaction time and short memory), simultaneously for 24 weeks.

This study showed that the program promotes training across

different modalities (motor and cognitive functions), leading to

improvements in tasks that need more attention, such as walking

while performing the cognitive task (i.e., counting numbers aloud

in inverse order) (9).

The improvement of divided attention (cognitive and/or

physical task) benefits multiple functions, depending on the

trained capacities. The physical training program provides physical

adaptation (e.g., resistance training improves strength and power

muscle), and the cognitive training (CT) program provides

cognitive adaptations (e.g., verbal fluency [VF] training improves

VF ability) simultaneously (6, 9, 13). Castaño et al. (6) performed

resistance exercises in two conditions, with and without a

cognitive task. The dual task (resistance exercise + cognitive

task, simultaneously) used VF as a cognitive task. After 16 weeks

of intervention, the study showed improvements in executive

function and physical capacities.

We proposed that agility ladder training with VF (cognitive

task) might help improve dual-task abilities (physical and

cognitive function, simultaneously). For this reason, the

effect of a 14-week exercise program involving AT with and

without cognitive tasks on physical and cognitive functions

in community-dwelling older adults was evaluated. We

hypothesized that physical function would increase in both

groups and cognitive function would improve only in the

dual-task group.

Materials and methods

Study design

This two-arm, parallel, randomized, controlled trial compared

the effects of AT and AT + CT (two groups) on cognitive function

and physical performance in community-dwelling older adults

without cognitive decline. Participants were recruited through

advertisements in public sports areas located in Campinas, state

of São Paulo, Brazil. After checking for eligibility, the participants

were randomly allocated into the intervention groups using

computer-generated random numbers (https://www.randomizer.

org). The numbers were generated using “Math. Random” with a

complex algorithm that gives the appearance of randomness. The

education and literacy of the participants were evaluated through

demography questionnaires.

The study was approved by the Research Ethics Committee of

the University of Campinas (UNICAMP) (Protocol No. 2479761)

and followed the ethical guidelines of the Declaration of Helsinki

and Resolution 466/12 of the Brazilian Health Council. Participants

were informed about the study procedures and objectives before

giving written informed consent.

Eligibility criteria

We included participants aged >60 years old who were

cognitively healthy, physically independent, and able to perform

the physical function tests.

We excluded subjects who had started a structured physical

activity program 2 months before the beginning of the study

or participated in other exercise programs during the study

period, and individuals with a clinical diagnosis of cardiovascular

(e.g., acute myocardial infarction and transient ischemic disease),

pulmonary (e.g., emphysema), neurological, psychiatric (e.g.,

Parkinson’s, dementia or Alzheimer’s disease), skeletal muscle

disorders, and cognitive disorders (MMSE score was used as criteria

of exclusion <24). The participants who were absent for more

than 10% of the exercise sessions were also excluded from the

study analysis.

The Mini-Mental State Examination (MMSE) was used as

cognitive screening according to the Brazilian education level

(14). The MMSE assesses spatial orientation, short memory,

attention, and calculation, as well as the ability to name objects,

follow commands, write a sentence, and reproduce a complex

drawing (15).

All experimental procedures were conducted at the School of

Physical Education of UNICAMP fromFebruary 2018 to June 2018.

Interventions

AT and AT + CT were performed twice a week for 14 weeks in

two phases: a 2-week familiarization period followed by a 14-week

training period. Exercise sessions lasted approximately 30min,

including a 10-minwarm-up, a 15-min exercise session (main part),

and a 5-min cooldown. All sessions were conducted in groups of

two or three people, with a distance of 2m between the participants
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FIGURE 1

Agility ladder with a length of 4.8m and 12 rungs (40 cm × 40cm).

FIGURE 2

Exercise sets. Each exercise session (e.g., sequence A) included four subsets, each with a 30-s exercise period and a 15-s rest.

to avoid training interference. The participants of the AT + CT

group were assigned the same cognitive task but in a different

order. An agility ladder adapted from sports training was used in

exercise sessions (Figure 1). Participants were instructed to step

in the squares and not on the rungs and performed all activities

under the supervision of an experienced trainer, who had 5 years of

experience and supervised all the training sessions.

The familiarization period was designed to adapt participants

to the laboratory setting, exercise sequences, and perception of

effort (rating of perceived exertion). Participants were instructed

to perform each exercise sequence round trip on the agility

ladder for 30 s.

The duration of each session was equal for both groups (AT

and AT + CT). Participants completed the same exercise sequence

during the familiarization period. At week 6, the exercise difficulty

was increased by substituting sequences 2A and 3A for 2B and

3B, respectively, and at week 10, difficulty increased by adding

30 s to each sequence (Figure 2). The sequences were considered

with different combinations of the foot stepping on the ladder, as

previously published by our group members (16).

Participants performed four sequences 1, 2 (2A or 2B), 3 (3A

or 3B), and 4 for 30 s each, followed by 15 s of rest (Table 1). The

physical exercise (agility ladder) sequence was performed in the

same order by both groups (AT and AT+ CT). Each session lasted

12min from weeks 1 to 10 (3 sets to each sequence) and 15min at

weeks 11 and 12 (4 sets to each sequence), and more details were

previously published (16).

The AT + CT group performed agility training concurrently

with a cognitive task (e.g., VF). The participants were instructed

to say aloud as many words of a specific category as possible in

each subset. The difficulty level of the cognitive task was increased

monthly by changing word categories, from general to specific,

while phonemic (e.g., words beginning with vowels letters and

consonants) or semantic (e.g., people names, sports, clothes, male

names, aquatic sports, and winter clothes) categories were changed

in each subset (Table 2). Participants were encouraged to not repeat

words in each subset.

Measures

Assessments were performed before (at the baseline) and after

the intervention (14 weeks), and each evaluation lasted for 2 days.

Physical performance was assessed on the 1st day, and cognitive

function was evaluated on the 2nd day.

Physical function

The following physical function tests were performed: (1)

Walking speed (WS) at a normal and fast pace, (2) five times sit-

to-stand test (5XSTS), (3) timed up and go (TUG), (4) isometric

handgrip strength (IHG), (5) one-leg stand (OLS), and (6) Illinois

agility test (IAT).

Walking speed

The WS test required walking 12m at a normal and fast

pace. Before the test, both feet remained on the starting line. The

stopwatch was started when one foot reached the 1-m line and was

stopped when one foot reached the 11-m line. The first and last 1-m
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TABLE 1 Training sessions outlook.

Description Quantity

Sequences 1 2A or 2B 3A or 3B 4

Sets 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Duration set (s) 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30

Rest sets (s) 15 15 15 - 15 15 15 - 15 15 15 - 15 15 15 -

Rest sequences (s) 60 60 60 60

Sequence (combination of the footsteps on the ladder)= 1, 2 (2A or 2B), 3 (3A or 3B).

TABLE 2 Examples of semantic (e.g., 1st set—color and 2nd set—country) and phonological (e.g., 3rd set—M letter and 4th set—R letter) categories used

for the verbal fluency test.

Sequence (A) Time

30 Seconds

1st Set Green Blue Yellow Red Orange Purple White Black Gray Pink

2nd Set Brazil Japan Argentina Italy Colombia China Mexico France Paraguay Spain

3rd Set Mouse Mini Max Math Make Map Made Medium Memory Meet

4th Set Rule Run River Route Ring Ready Read Rat Rain Right

FIGURE 3

Illinois agility test.

stretches were used for acceleration and deceleration, respectively,

and therefore were not considered (17). The fastest time of two

trials (in m/s) was used for the present analyses.

Five times sit-to-stand test

This test comprises rising from and seating on an armless

chair (total height, 87 cm; seat height, 45 cm; seat width, 33 cm)

five times as fast as possible with arms crossed in front of the

body. A stopwatch (1/100 second accuracy) was started when the

participant raised the hip from the chair and stopped when the

participant sat down for the fifth time (18).

Timed up and go

Upon hearing the command “go,” the participants were

required to get up from a chair without using their arms, walk as

fast as possible along a 3-m straight line demarcated on the floor,

turn around, return to the original position, and sit down on the

chair again (19).
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FIGURE 4

Study flowchart: AT, agility training; AT + CT, AT combined with cognitive training.

Isometric handgrip strength

The IHG was measured using a Jamar R© dynamometer with

participants sitting on a chair with shoulders adducted, elbows

flexed at 90◦ beside the trunk, and wrists in a neutral position.

The contralateral arm remained relaxed beside the trunk. The

study subjects were asked to squeeze the handgrip as hard as they

could for 4 to 6 s using the dominant hand. The highest test–retest

reliability for each test was achieved, and 1min to rest between

retests was provided. The mean of three trials was used (20).

Relative IHG was calculated by dividing IHG by the BMI.

One-leg stand

This test was performed with participants standing on one foot,

the contralateral knee flexed at 90◦, arms folded across the chest,

and head straight. The stopwatch was started when one foot was

raised off the floor and stopped when the foot touched the floor

again. The test was performed in both legs, and the highest score

was used in the analysis (21).

Illinois agility test

The participant was asked to walk as fast as possible (i.e.,

move quickly) through obstacles in multiple directions but not

run. The course was marked in the corners by four cones

(start, finish, and two turning cones) and four central cones

spaced 3.3m apart. The participants were instructed to walk

in a straight line from the start line to the first turning cone

located 10m apart and from this site to the first central cone,

weave back and forth through the four central cones, and walk

from the first central cone to the second turning cone located
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TABLE 3 Baseline comparison of both groups characteristics.

Variables AT (n=8) AT+CT (n=8) p-value

Age (years) 66.6± 5.7 67.1± 4.6 0.64

Formal education (years) 12.6± 2.0 11.4± 4.8 0.96

Male gender (n, %) 3 (37.5%) 2 (25.0%) 0.72

Height (cm) 1.6± 0.1 1.6± 0.1 0.57

Body mass (kg) 70.6± 12,7 70.7± 7.2 0.87

BMI (kg/m²) 26.8± 4.3 26.7± 3.0 0.67

MMSE (points) 28.3± 1.7 27.2± 3.3 0.57

AT, Agility training; BMI, body mass index; CT, Cognitive training; MMSE, Mini-Mental

State Examination.

on the far right and from this point to the finish line (22)

(Figure 3).

Cognitive function

Cognitive function was assessed using VF (23), dual task, TUG

combined with a cognitive task (TUG-cog) (24), trail-making test

(TMT) (25), and the scenery picture memory test (SPMT) (26).

Below we describe the tests mentioned above:

Verbal fluency test

VF was assessed using phonological and semantic tests.

Participants were requested to name as many animals (semantic

domain) and words that began with the letter “A” (phonological

domain) as possible for 2min (1min each). The scores of the VF

domains (phonological [VFP] and semantic [VFS]) were calculated

as the sum of all the words that were evoked for 1 min (23).

TUG-cog

TUG-cog is a test that evaluates the divided attention, physical

function, and cognitive function, simultaneously (walking [TUG

test] + VF [cognitive task]). In this study, participants were

required to say the names of animals out loud during the execution

of TUG (27). Time started when participants got up from the chair

and stopped when the participant returned to the chair and sat

down. The result is shown in the second part.

Trail-making test

The TMT provides information on visual search, scanning,

speed of processing, mental flexibility, and executive functions. The

TMT was divided into two parts: TMT-A and TMT-B. TMT-A

consisted of drawing a line connecting a sequential set of numbers

(1–25), whereas TMT-B consisted of drawing a line connecting

sequential numbers (1–13) and letters (A–L) and alternating

between numbers and letters (e.g., 1a, 2b, 3c, and 4d). The test

should be performed as quickly as possible (28). The final score

is the total time spent finishing the connection between letters

and numbers.

Scenery picture memory test

This test is based on the memorization of an image, requiring

attention and short-term memory. The image of a living room

containing 23 objects was drawn on a piece of paper. The

participants were instructed to examine the image for 1min

and mention which elements they remembered. The total score

corresponded to the number of items recalled (26).

Statistical analysis

Descriptive data were shown as mean ± standard deviation

(SD). Continuous variables (age, formal education years, height,

BMI, and MMSE scores) were compared using the Mann–Whitney

U-test. Gender was compared using the chi-square test.

The effect of exercise on the study groups (AT and AT +

CT) was analyzed using a two-way analysis of variance (ANOVA).

Tukey’s post hoc tests were used to assess which group or time

showed significant differences. Effect size (ES) was calculated using

each variable of the post-training score (value) minus the pre-

intervention (baseline), and then divided by the pre-intervention

(baseline). An ES of 0.00–0.19, 0.20–0.49, 0.50–0.79, and ≥0.80

were considered marginal, small, moderate, and large, respectively

(29). Delta was also calculated [(baseline value – post-training

value)/baseline value × 100]. ES and delta were calculated for all

the variables, and post hoc was performed only for variables that

presented a difference. The relationship between AT and cognitive

test scores after training was assessed using Pearson’s correlation.

The data were analyzed using Statistical Analysis System version

9.4 for Windows (SAS Institute Inc., Cary, NC, USA). Statistical

significance was set at a p-value of < 0.05.

Results

A total of 57 older adults were recruited. In total, 27 participants

were excluded according to the eligibility criteria, and 28 were

randomly allocated into the AT and AT + CT groups. Twelve

participants were excluded from the analysis: four had <90%

adherence to the training sessions, and we had eight dropouts.

Hence, 16 subjects were included in the study and completed the

training program (Figure 4).

There were no significant differences between groups in the

baseline characteristics, as shown in Table 3.

AT + CT improved the scores of TUG-cog, phonological

VF, and SPMT, whereas AT had better scores in SPMT after

the training. Only for TUG-cog, ANOVA showed time x group

interaction (p= 0.019) between AT+CT and AT. For the dual-task

training, the cognitive functions improved by approximately 39, 32,

and 7% in the tests TUG-cog, phonological VF, and SPMT (short-

term memory), respectively. AT enhanced short-term memory,
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TABLE 4 E�ects of AT and AT+CT on cognitive functions and comparison between groups.

Cognitive
domains

AT+CT (n = 8) AT (n = 8) Time ×
Group

Time Group

Pre Post ES 1% Pre Post ES 1%

TUG-cog (s) 9.5± 3.0 5.8± 0.5∗# 1.4 38.9 7.5± 1.1 6.5± 1.0 1.0 13.3 0.0196 0.0004 0.2867

TMT-A (s) 47.3± 6.1 41.3± 13.2 0.5 2.65 37.7± 11.6 38.7± 10.1 0.1 9.6 0.4765 0.6531 0.1677

TMT-B (s) 130.7± 51.3 111.3± 63.2 0.5 18.4 90.4± 30.6 84.2± 24.8 0.2 6.8 0.1936 0.0937 0.2854

VFP

(words/min)

12.4± 4.6 16.4± 6.6∗ 0.8 32.2 13.4± 2.9 13.8± 4.4 0.1 2.98 0.142 0.0514 0.7056

VFS

(words/min)

19.7± 8.2 19.6± 8.4 0.1 0.50 18.9± 3.5 19.6± 6.1 0.2 3.7 0.8699 0.9022 0.8699

SPMT (points) 16.3± 2.7 17.5± 3.3∗ 0.4 7.3 14.9± 3.4 17.9± 3.2∗ 1.0 20.1 0.1738 0.0037 0.7354

∗Main effect of time (Post-hoc), p ≤ 0.05. #Main effect of group. AT, Agility training; CT, Cognitive training; ES, effect size; SPMT, Scenery Picture Memory Test; TMT-A, Trail Making Test A;

TMT-B, Trail Making Test B; SVF, semantic verbal fluency; PVF, phonological verbal fluency.

TABLE 5 E�ects of AT and AT+CT on physical function.

Variables AT (n = 8) Time × Group Time Group

Pre Post ES 1 (%) Pre Post ES 1 (%)

Usual WS

(m/s)

1.3± 0.1 1.5± 0.1∗ 1.4 15.3 1.3± 0.1 1.5± 0.2∗ 1.6 15.3 0.9999 0.0002 0.9999

Fast WS (m/s) 1.8± 0.2 1.9± 0.2∗ 0.9 5.5 1.9± 0.2 1.9± 0.2 0.4 0.0 0.1686 0.0009 0.4942

5XSTS (s) 11.1± 2.2 7.9± 1.2∗ 2.0 27.4 10.2± 1.9 7.4± 1.0∗ 2.1 28.8 0.6871 0.0001 0.3428

TUG (s) 8.0± 1.2 5.8± 0.8∗ 2.4 27.5 7.4± 1.2 5.8± 0.7∗ 1.8 21.6 0.4039 0.0001 0.5287

Absolute IHG

(kg)

23.9± 5.1 28.8± 6.3∗ 0.9 20.5 24.6± 9.3 29.5± 10∗ 0.5 19.9 0.9999 0.0002 0.8049

Relative IHG

(kg/BMI)

0.9± 0.3 1.1± 0.3∗ 0.6 22.2 1.0± 0.3 1.1± 0.3∗ 0.4 10 0.6410 0.0002 0.6410

OLS right (s) 15.1± 8.9 25.6± 8.1 1.3 69.5 17.7± 12.2 21.8± 10 0.4 23.1 0.3694 0.0467 0.8654

Illinois test (s) 36.5± 6.0 31.8± 5.0∗ 0.9 12.8 35.3± 5.0 31.3± 4.3∗ 0.9 11.3 0.6148 0.0001 0.7256

∗Main effect of time (Post-hoc), p < 0.05; AT, Agility training; BMI, body mass index; CT, Cognitive training; ES, effect size; IHG, isometric handgrip strength; OLS, One-leg stand; TUG, timed

up-and-go test; WS, walking speed; 5XSTS, five-times sit-to-stand test.

FIGURE 5

Pearson’s correlation between the Illinois agility test and phonological (A) and semantic (B) verbal fluency scores.
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which is indicated by an increase of approximately 20% in SPMT

(Table 4).

The effects of AT + CT and AT on physical performance are

shown in Table 5. The time effect (pre-post) was observed for both

intervention groups (p < 0.05). AT + CT and AT increased the

scores of WS at a normal pace, 5XSTS, TUG, IHG, relative IHG,

and IAT. The AT+ CT and AT groups improved physical function,

with an increase in walking speed at a normal pace [WS 1(%) 15,

15], power muscle [5XSTS 1(%) 27, 29], dynamic balance [TUG

1(%) 27, 22], isometric strength muscle [absolute IHG 1(%) 21,

20], and agility function [IAT 1(%) 13, 11], respectively (Table 5).

There was a significant correlation between IAT scores and VFP

(r = −0.627; P = 0.009, n = 16) and between IAT scores and VFS

(r =−0.539; P = 0.031, n= 16) as seen in Figure 5.

Discussion

The current study investigated the influence of 14-week

AT and AT + CT on physical and cognitive functions in

community-dwelling older adults. The current study shows that

both interventions were beneficial for the physical function (in

all the evaluated parameters) of the participants. Moreover, AT

+ CT had an additional positive effect on cognitive function

(executive function and VF) in healthy older adults after 3 months

of the intervention program (dual-task training). In addition,

there was a positive correlation between agility test scores and

VF scores, suggesting that those who performed better in the

agility test (Illinois test) may have a high processing speed when

evoking words.

Cognitive functions

Cognitive functions showed improvements after the

intervention program. TUG-cog scores were significantly higher

in the AT + CT group. Previous studies support these results,

wherein dual-task intervention (e.g., combined physical activity

[PA] and CT) is more beneficial than PA or CT interventions alone

(7, 13, 30, 31). Castaño et al. (6) showed that physical activity

training for 16 weeks increased physical function. However, the

authors showed that the combination of physical and cognitive

training improved physical and cognitive function and increased

the levels of neurotrophic biomarkers (brain-derived neurotrophic

factor) (6). The cognitive functions improvement (e.g., short-term

and working memory and executive function) may prevent the risk

of cognitive impairment and dementia.

The participants who underwent AT + CT were required

to perform VF (pronouncing specific classes of words) jointly

with physical coordination tasks (agility training ladder), involving

working memory and cognitive flexibility (32). A previous meta-

analysis supports this finding and suggests that PA programs for

older adults can yield superior cognitive benefits when cognitive

tasks are integrated into the programs without interfering with the

results of physical function (30).

Cognitive functions (including executive functions and

memory) are essential in regulating functional mobility. Several

studies have shown that gait abnormalities might precede the

diagnosis of cognitive decline, and people showing slower gait

during a dual task (e.g., TUG-cog) are more likely to develop

cognitive impairment (27, 33). De Melo Borges et al. (27)

showed that the greater the cognitive impairment, the worse the

TUG-cog performance.

Physical activity can increase some cognitive functions,

especially aerobic training, which has been shown to have the most

significant impact on the aging brain and cognition compared to

other types of physical activity (9, 13). SPMT scores increased in

both groups, corroborating the findings in the literature. Although

the intensity of aerobic training is essential for cognitive and

physical improvements, aerobic training can counter cognitive

declines, including memory (34).

Physical function

The present results showed that agility ladder training

with/without CT could prevent the loss of muscle power/strength

despite the age-related decrease in neuromuscular performance

(35, 36). Frailty is associated with decreased strength and physical

function (37), and some studies demonstrated that physical activity

can improve muscle power/strength and, finally, physical function

in older adults (35–37).

The score in the TUG test is associated with the risk of

falls in older adults (38). Segev et al. (39) found that a 12-week

coordination training decreased the risk of falls in older adults with

cardiovascular disease, demonstrating that a fast pace is related to a

low risk of falls and better dynamic balance since those abilities are

considered the main components of postural control.

The AT is comprised of perception (e.g., the organization,

identification, and interpretation of sensory information), cognitive

function (e.g., attention, planning, and decision-making), and

changes in direction (e.g., sudden starts, stops, and turns, reactive

control, and concentric and eccentric contractions) that might

enable for integration of sensorimotor, neuromuscular, and cardio-

circulatory demands (11, 40). Balance also depends on muscle

strength and neuromuscular coordination (41), which may be

one of the reasons why the interventions enhanced static and

dynamic balance.

It is essential to highlight that AT + CT is low-cost, practical,

readily accessible, and easily adapted to specific populations by

changing speed and complexity (9). Studies attest to the beneficial

effects of DT on executive function, fall prevention, and memory

compared with isolated training (9, 42).

Limitations

The limitations of this study include the lack of control

and/or CT group and the small sample size, and the latter

can potentially decrease statistical power. Despite not having a

control group or one group that performed only CT, there was

no significant difference between groups at the baseline, and we

used their baseline data as control data. Although the sample

size can be a limitation to be pointed out, especially regarding
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statistical power, the results found herein showed that the dual-

task activity (physical and cognitive) was able to promote benefit

in a greater proportion of the participants than the physical

activity alone. It is a potential intervention that needs to be

further explored.

Conclusion

We investigated the effects of 14 weeks (two familiarization

weeks) of AT and AT + CT on physical and cognitive

function in community-dwelling older adults. Both interventions

improved muscle power and strength, dynamic balance, agility,

and short-term memory, whereas AT + CT showed additional

improvements in other cognitive functions. Our results show

that AT + CT should be included in physical activity programs

for older adults because it is easy to apply, practical, and cost-

effective intervention and has benefits for physical and cognitive

function together.
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Objective: Currently, a multitude of studies are underway to investigate the 
factors affecting the degree of frailty, with a significant focus on the critical role 
of body mass index (BMI). This study aims to conduct a cross-sectional survey to 
investigate the multifaceted relationship between multiple body habitus and the 
factors that influence the degree of frailty.

Methods: A questionnaire survey was conducted among 840 adult residents in 
Chongqing communities. A total of 723 participants were included in the data 
analysis, with an effective response rate of 92.0%. Fried’s frailty scale was used to 
classify individuals into fit, pre-frail, or frail. Non-parametric tests and chi-square 
tests were employed to evaluate the inter-group differences in frailty levels 
under different influencing factors. Multivariate logistic regression analysis was 
performed to select the independent variables associated with frailty statistics. 
According to the results of the parallel line test, ordered or disordered multivariate 
logistic regression was used to evaluate the impact of a single independent 
variable on frailty for different variables.

Results: Adult community residents in Chongqing accounted for 29.18 and 5.67% 
in pre-frailty and frailty, respectively. In multivariate logistic regression analysis, 
high BMI, and high waist-hip ratio (WHR) were identified as major risk factors for 
frailty. Furthermore, the process of aging, coupled with moderate to heavy alcohol 
consumption, active weight loss behavior in the past year, and the presence of 
comorbidities, emerged as significant contributors to frailty. Conversely, factors 
such as a positive inclination toward taste, consistent meal timing, habitual 
breakfast consumption, sound nutritional intake, and the cultivation of healthy 
dietary practices were recognized as pivotal elements that act as protective 
factors against frailty.

Conclusion: The integration of both BMI and WHR provides a more comprehensive 
perspective, effectively capturing the intertwined influence of obesity and 
sarcopenia on the extent of frailty. To mitigate the risk of community-wide 
frailty, a multipronged approach is essential, involving the promotion of favorable 
dietary practices and achieving nutritional equilibrium, diligent management 
of coexisting medical conditions, moderation in alcohol consumption, and the 
enhancement of physical functionality.
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1. Introduction

Frailty is a multifaceted clinical condition that arises with age, 
characterized by a decline in physiological capabilities across various 
organ systems, rendering individuals more susceptible to stressors (1). 
The significance of frailty as a predictor of mortality risk among older 
adults dwelling in the community has been underscored through an 
in-depth research (2). A comprehensive meta-analysis encompassing 
21 studies conducted in high-income countries revealed that the 
prevalence of frailty among community-dwelling older adults ranged 
from 4.0 to 59.1%, with an average prevalence of 10.7% (3). In China, 
the total prevalence rates of pre-frailty and frailty in community-
dwelling older adults are 43 and 10%, respectively (4). Clinical 
manifestations of frailty include weight loss, muscle atrophy and 
weakness, diminished endurance, compromised balance and mobility, 
reduced gait speed, and cognitive impairment (5). Given these 
considerations, it is imperative to embark on research and 
interventions targeted at addressing frailty.

Beyond the realm of older adults, certain studies have unveiled the 
occurrence of frailty across other age groups as well (6, 7). Factors 
affecting frailty are generally considered to be related to BMI (8), as 
well as risk factors such as aging, smoking, alcohol consumption, 
comorbidities, malnutrition, diabetes, cognitive impairment, and 
history of falls (9). Frailty can be mitigated through engagement in 
physical activities, exercise regimens, dietary modifications, and 
modulation of gut microbiota (10–13).

Previous research (14) has shown that sarcopenia (the decline in 
function accompanied by low muscle mass) is the primary cause of 
frailty, accounting for 70% of frailty cases. The Asian Working Group 
for Sarcopenia (AWGS) 2014 consensus has defined sarcopenia as 
“age-related loss of muscle mass, plus low muscle strength, and/or low 
physical performance” (15), the European Society for Clinical 
Nutrition and Metabolism (ESPEN) in association with the European 
Association for the Study of Obesity (EASO) considers BMI as a 
screening tool for sarcopenia, highlighting that excessive adiposity in 
conjunction with diminished skeletal muscle mass or correlated body 
compartments substantiates the diagnosis of sarcopenia (16). Since 
sarcopenia is a prominent manifestation and risk factor for frailty, 
BMI is frequently adopted in studies to prognosticate the extent of 
frailty. Low BMI has been correlated with an elevated frailty risk (17), 
while conversely, an elevated BMI might augment the likelihood of 
frailty (18). Nevertheless, relying solely on BMI might not yield a 
comprehensive understanding of the degree of frailty. Hence, the 
incorporation of additional indicators of body habitus, such as 
waist-hip ratio, body fat percentage, body roundness index, body 
shape index, etc. Become crucial for defining individual physical 
characteristics, including physique, general bearing, and body shape 
(19). These indicators facilitate a more accurate and comprehensive 
characterization of frail patients. Furthermore, scant exploration has 
been devoted to the factors that influence body habitus, such as 
dietary habits and nutritional status. Therefore, this study aimed to 
explore the relationship between body habitus (BMI and the degree of 

frailty), potential associations between lifestyle, nutrition, dietary 
habits, and the degree of frailty [as indicated by waist-hip ratio 
(WHR), body fat percentage (BFP), body roundness index (BRI), and 
body shape index (ABSI)] based on a community sample.

2. Materials and methods

2.1. Ethical considerations

This study followed the guidelines for human research in the 2013 
revised Declaration of Helsinki. The research protocol was approved 
by the Ethics Committee of the First Affiliated Hospital of Chongqing 
Medical University (2023–021) and registered at the Chinese Clinical 
Trial Registry in 2023 (ChiCTR2300068834). Participation in the 
survey was entirely voluntary, and prior to the commencement of the 
survey, written informed consent was obtained from each participant. 
It was explicitly communicated that the anonymity of all participants 
would be rigorously upheld.

2.2. Participants and procedure

The present cross-sectional study was carried out in Chongqing 
(China) from March 1, 2023 to March 7, 2023. To be  eligible for 
participation, individuals had to meet the following inclusion criteria: 
(1) Possession of a registered household registration or temporary 
residency permit in Chongqing, with a minimum residency duration 
of 6 months, excluding those classified as migrant population; (2) 
Attainment of at least 18 years of age; and (3) Willingness to provide 
informed consent for participation in the study. In order to ensure the 
scientific validity of the survey design, a multi-stage random cluster 
sampling method was employed, taking into account significant 
aspects such as economic status and demographic variables. This 
approach aimed to ensure the overall representativeness of the sample 
by aligning with regional income standards, maintaining a distribution 
of age and gender akin to the general population in Chongqing, and 
achieving a balanced geographical distribution. The survey targeted 
10 communities within Chongqing, which were selected through a 
random sampling process. Among 12 street offices, six were chosen at 
random, and from each selected street office, three communities were 
randomly picked. The sample size of each community survey was 
approximately 40 individuals. Ultimately, three street offices were 
identified for inclusion in the survey. All individuals meeting the 
inclusion criteria were selected from the designated households until 
the requisite sample size was attained. The study population 
encompassed individuals aged 18 or above, inclusive of those aged 18. 
A total of 720 participants were required in the 10 surveyed 
communities. Upon obtaining informed consent from the participants, 
pertinent data was acquired via on-site survey questionnaires, which 
were pre-tested to ensure their validity and reliability. In total, 840 
survey questionnaires were distributed, yielding 786 collected 
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responses and an actual response rate of 93.6%. After the exclusion of 
61 participants with missing data, the final dataset comprised 723 
participants (n = 723), resulting in an effective rate of 92.0%.

2.3. Measures

The survey encompassed an assessment of various domains, 
including socio-demographic information, body habitus, nutritional 
assessment, dietary habits, Fried’s frailty scale, and related domains 
(Appendix 1). Trained personnel executed all evaluations using 
standardized methodologies. Before distributing the questionnaire, a 
panel of 5 experts participated in the discussion and evaluation 
process for scrutinizing and refining the language, accuracy, order, 
and fluency of the questions and response options. The evaluation 
process comprised both individual assessment and group discussion. 
To obviate mutual influence, the experts remained uninformed about 
each other’s evaluation outcomes. Following the expert evaluation, the 
questionnaire underwent an initial pre-testing within a small-scale 
community study, yielding a Cronbach’s alpha coefficient of 0.744.

2.3.1. Sociodemographic characteristics
This study thoroughly examined the sociodemographic 

characteristics of the participants, including age, gender, marital status 
(single, married, divorced, widowed), education level (primary school 
and below, junior high school, senior high school, vocational school, 
undergraduate, graduate and above), occupation (government 
enterprises, healthcare professionals, self-employed, students, and 
retired) and personal income (less than ¥1,000, ¥1,000–3,999, ¥4,000–
9,999, more than ¥10,000). Smoking status was classified as smoking 
(continuous or cumulative smoking for 6 months or more) or 
non-smoking (20). Drinking status was classified as non-drinking, 
moderate drinking (female ≤1 glass/day for women, male ≤2 glasses/
day), or heavy drinking (female >1 glass/day, male >2 glasses/day) 
(21). Exercise was defined as moderate-intensity activity for ≥150 min/
week or high-intensity activity for ≥75 min/week (22). Active weight 
loss behavior in the past year was defined as a binary variable (yes or 
no), indicating whether individuals had actively pursued strategies to 
manage their weight. Comorbidities were defined as self-reported 
chronic diseases (such as hypertension, diabetes, coronary heart 
disease, cerebrovascular disease, chronic obstructive pulmonary 
disease, joint diseases, etc.).

2.3.2. Body habitus
This section comprises nine indicators pertinent to body habitus, 

including height, weight, waist circumference, hip circumference, 
BMI, WHR, BFP, BRI, and ABSI.

BRI serves as an index for measuring the distribution of body fat, 
which considers the mass, distribution, and shape of total fat. BRI is 
calculated by the ratio of waist circumference to hip circumference. A 
higher BRI value corresponds to greater fat accumulation around the 
waist. Notably, BRI stands as a more precise gage of waist fat 
distribution and the roundness of body shape, characterized by robust 
practicality and accuracy (23, 24). ABSI, on the other hand, offers a 
body shape measurement that takes into account body fat distribution 
and BMI (25). ABSI is calculated based on the ratio of waist 
circumference to [height raises to 2/3 power times the square root of 
BMI]. A higher ABSI value implies greater waist fat accumulation 

relative to height and BMI. Several studies have shown that high ABSI 
and BRI values are associated with increased risks of cardiovascular 
disease, diabetes, and cancer (26, 27). Currently, ABSI is incorporated 
in certain studies for the prediction of health risks and the evaluation 
of body shape (28). The measurement of all the aforementioned 
indicators adhered to the standard methods specified by the Chinese 
Center for Disease Control and Prevention (29). Calibrated weighing 
scales with a precision of 1,000 grams were employed, height 
measurements were precise to 1 cm, and the calculation outcomes 
were recorded to two decimal places.

2.3.3. Nutritional assessment scale
The Short Nutritional Assessment Questionnaire (SNAQ), a 

concise, succinct, and repeatable survey questionnaire, was utilized for 
the nutritional appetite assessment (30). SNAQ consists of 4 questions, 
each with 5 answer options, represented by the letters A through 
E. The questionnaire’s content, along with the scoring criteria, are 
detailed in Appendix 1. Lower scores denote poorer appetite and an 
elevated risk of weight loss, with the score range spanning 4 to 20. A 
score of ≤14 signifies a potential risk of weight loss.

2.3.4. Dietary habits assessment scale
This segment of the questionnaire aligns with the “Chinese 

Dietary Guidelines for Residents (2016 edition)” (31). The 
questionnaire consists of 5 questions, and the specific questions and 
corresponding scoring criteria can be  found in Appendix 1. The 
cumulative score on this scale ranges from 12 to 55 points.

2.3.5. Frailty assessment scale
In this study, frailty measurement was defined using the Fried and 

colleagues Frailty Assessment Scale (32), a rigorously validated and 
widely used tool. The assessment model of this scale centers around 
five criteria: feeling exhausted, physical activity, walk time, grip 
strength, and weight loss. In instances where a participant is unable to 
ambulate due to a fracture or injury, their pre-fracture or pre-injury 
activity level should be  reported. Satisfying 1–2 of these criteria 
indicates pre-frailty while meeting 3 or more criteria signifies frailty.

2.4. Statistics analysis

IBM SPSS Statistics 26.0 (IBM Corporation, Armonk, NY, 
United States) was used for data analysis. First, descriptive statistics 
were used to examine the baseline characteristics of the study 
population. Next, the Kruskal-Wallis H test was used for 
non-parametric analysis of asymmetric continuous count data, 
while the chi-square test was used for metric data of continuous 
normal distribution. These assessments were conducted to discern 
whether variations existed in the distribution of different frailty 
degrees across diverse conditions, including body habitus, 
nutritional status, and dietary habits. Then, multiple logistic 
regression was performed to identify the most significant frailty-
related predictors among variables exhibiting statistical significance. 
Finally, based on parallel line test results, ordinal or nominal 
multiple logistic regression analyzes were conducted for each 
variable with statistical differences to examine the relationship 
between the specific predictor variable and frailty. In the regression 
analyzes, all variables considered to be potential confounders were 
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meticulously adjusted. All statistical tests conducted within the 
model were two-tailed and predicated on a significance level of 0.05.

3. Result

3.1. Participants’ sociodemographic 
characteristics

Table 1 presents the socio-demographic characteristics of the 723 
participants. The median age of the sample was 47 years, with a first 
quartile (Q1) of 29 and a third quartile (Q3) of 67 (SD = 20.217, 
SE = 0.752). Among the participants, 51.5% were females, while 48.5% 
were males. Out of the total, 471 individuals (65.1%) were considered 
healthy, 211 (29.2%) exhibited pre-frailty, and 41 (5.7%) were identified 
as frail. Regarding occupational distribution, a majority of participants 
were engaged in company jobs (31.3%) or had retired (34.3%). As for 
education, 39.6% possessed a college degree. In terms of monthly 
income, the largest proportion fell within the range of 1,001–3,499 
yuan (31.1%). Additionally, 40.1% of the participants were married.

3.2. Comparison of body habitus and 
influencing factors for frailty

Table  2 demonstrates the comparison and tests conducted 
between body habitus and levels of frailty. After standardized grouping 
based on diverse indicators, the populations categorized as frail and 
pre-frail were primarily concentrated within the overweight 
population (75.6%). Individuals exhibiting both high and low WHR 
manifested varying degrees of frailty, with a higher risk of frailty 
observed in comparison to those with normal WHR. Notably, among 
individuals with different levels of frailty, BMI, WHR, BRI, and ABSI 
demonstrated significant inter-group differences (p < 0.05), suggesting 
their potential influence on frailty degree. Moreover, the results 
indicated significant group variations within the Nutrition Assessment 
Scale and the Dietary Habits Assessment Scale, as reflected by distinct 
total scores (p < 0.05) among individuals with varying degrees of 
frailty. Specifically, factors such as the acceptance of food taste, regular 
daily meals, and regular breakfast may become one of the factors 
affecting the degree of frailty. Additionally, diverse lifestyles were 
found to have an impact on the degree of frailty. Variables such as 

TABLE 1 Baseline characteristics adjusted for debilitating status (n  =  723).

Characteristics Fit (n  =  471) Pre-frail (n  =  211) Frail (n  =  41) Total (n  =  723)

N % N % N % N %

Gender Female 260 55.2% 94 44.5% 18 43.9% 372 51.5%

Male 211 44.8% 117 55.5% 23 56.1% 351 48.5%

Age* Below 29 139 29.5% 19 9.0% 1 2.4% 159 22.0%

29 ~ 47 140 29.7% 52 24.6% 8 19.5% 200 27.7%

47 ~ 67 100 21.2% 67 31.8% 11 26.8% 178 24.6%

Above 67 92 19.5% 73 34.6% 21 51.2% 186 25.7%

Profession Self-employed 111 23.6% 50 23.7% 5 12.2% 166 23.0%

Company Enterprise 162 34.4% 55 25.1% 9 21.9% 226 31.3%

Health Care 39 8.3% 1 0.5% 0 0.0% 40 5.5%

Student 39 8.3% 4 1.9% 0 0.0% 43 5.9%

Retiree 120 25.5% 101 47.9% 27 65.9% 248 34.3%

Educational 

background

Primary school and 

below
1 0.2% 3 1.4% 2 4.9% 6 0.8%

Junior high school 95 20.2% 65 30.8% 14 34.1% 174 24.1%

High School 133 28.2% 57 27.0% 10 24.4% 200 27.7%

Undergraduate 198 42.0% 75 35.5% 13 31.7% 286 39.6%

Postgraduate and 

above
44 9.3% 11 5.2% 2 4.9% 57 7.9%

Monthly incomes 

(RMB, Yuan)

≤1,000 70 14.9% 36 17.1% 6 14.6% 112 15.5%

1,001–3,499 52 32.5% 37 26.1% 7 41.5% 96 31.1%

3,500–9,999 153 11.0% 55 17.5% 17 17.1% 225 13.3%

≥10,000 117 24.8% 53 25.1% 4 9.8% 174 24.1%

Marital status Single 194 41.2% 59 28.0% 10 24.4% 263 36.4%

Married 176 37.4% 96 45.5% 18 43.9% 290 40.1%

Divorced 81 17.2% 42 19.9% 9 22.0% 132 18.3%

Widowed 20 4.2% 14 6.6% 4 9.8% 38 5.3%

*Segmentation of age according to the results of the quartiles.
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TABLE 2 Descriptive analysis of body habitus and influencing factors.

Independent variable Fit
(n  =  471)

Pre-Frail
(n  =  211)

Frail
(n  =  41)

Total
(n  =  723)

P

N(%)/Mean (SD) N(%)/Mean (SD) N(%)/Mean (SD) N(%)/Mean (SD)

Body habitus

Body mass index (BMI) Underweight 29 (6.20%) 4 (1.90%) 0 (0.00%) 33 (4.60%)

0.000*Normal weight 217 (46.10%) 64 (30.30%) 10 (24.40%) 291 (40.20%)

Overweight 225 (47.80%) 143 (67.80%) 31 (75.60%) 399 (55.20%)

Waist-hip ratio (WHR) Low 127 (27.00%) 67 (31.80%) 7 (17.10%) 201 (27.80%)

0.010*Normal 97 (20.60%) 38 (18.00%) 2 (4.90%) 137 (18.90%)

High 247 (52.40%) 106 (50.20%) 32 (78.00%) 385 (53.30%)

Body fat percentage Low 1 (0.20%) 3 (1.40%) 0 (0.00%) 4 (0.60%)

0.083*Normal 30 (6.40%) 2 (0.90%) 2 (4.90%) 34 (4.70%)

High 440 (93.40%) 206 (97.60%) 39 (95.10%) 685 (94.70%)

Body roundness index (BRI) 3.26 ± 0.62 2.99 ± 0.76 3.08 ± 0.61 3.17 ± 0.68 0.000

A body shape index (ABSI) 0.73 ± 0.11 0.69 ± 0.14 0.72 ± 0.11 0.72 ± 0.12 0.038

Lifestyle

Age 44.17 ± 19.60 56.22 ± 18.78 63.61 ± 15.60 48.79 ± 20.22 0.000

Smoking** No 321 (68.20%) 95 (45.00%) 20 (48.80%) 436(60.30%)
0.000

Yes 150 (31.80%) 116 (55.00%) 21 (51.20%) 287 (39.70%)

Drinking alcohol*** No 369 (78.30%) 127 (60.20%) 22 (53.70%) 518 (71.60%)

0.000Moderate drinking 69 (14.60%) 53 (25.10%) 15 (36.60%) 137 (18.90%)

Heavy drinking 33 (7.00%) 31 (14.70%) 4 (9.80%) 68 (9.40%)

Active weight loss behavior 

in the past year****

No 416 (88.30%) 177 (83.90%) 31 (75.60%) 624 (86.30%)
0.036

Yes 55 (11.70%) 34 (16.10%) 10 (24.40%) 99 (13.70%)

Daily exercise***** No 183 (38.90%) 83 (39.30%) 18 (43.90%) 284 (39.30%)
0.818

Yes 288 (61.10%) 128 (60.70%) 23 (56.10%) 439 (60.70%)

Comorbidities No 413 (87.70%) 61 (28.90%) 16 (39.00%) 490 (67.80%)
0.000

Yes 58 (12.30%) 150 (71.10%) 25 (61.00%) 233 (32.20%)

SNAQ total score 13.42 ± 2.66 12.88 ± 2.87 13.17 ± 2.70 13.35 ± 2.73 0.020

Appetite level 3.44 ± 1.23 3.29 ± 1.32 3.56 ± 1.25 3.4 ± 1.25 0.338

Food taste acceptance 3.4 ± 1.22 3.12 ± 1.23 3.05 ± 1.32 3.3 ± 1.23 0.009

Food intake per meal 3.13 ± 1.15 3.03 ± 1.2 3.1 ± 1.02 3.1 ± 1.16 0.497

Number of meals per day 3.45 ± 0.98 3.44 ± 1.1 3.46 ± 1.03 3.45 ± 1.02 0.971

Dietary habits scale total score 39.12 ± 5.04 38.24 ± 6.96 37.78 ± 5.261 38.79 ± 5.691 0.002

Daily meal situation 1.63 ± 0.48 1.5 ± 0.5 1.39 ± 0.49 1.58 ± 0.49 0.000

Regular breakfast 2.59 ± 0.51 2.4 ± 0.56 2.44 ± 0.55 2.53 ± 0.53 0.000

Eating frequency of staple food 4.13 ± 1.01 3.92 ± 1.23 4.1 ± 0.94 4.07 ± 1.07 0.254

Eating frequency of whole grains 3.1 ± 1.12 3.23 ± 1.35 3.32 ± 1.04 3.15 ± 1.19 0.285

Eating frequency of vegetables 3.71 ± 1.15 3.68 ± 1.22 3.27 ± 1.27 3.68 ± 1.18 0.084

Eating frequency of fruit 3.59 ± 1.19 3.62 ± 1.27 3.54 ± 1.23 3.6 ± 1.21 0.821

Eating frequency of poultry 3.5 ± 1.18 3.53 ± 1.24 3.61 ± 1.12 3.51 ± 1.19 0.855

Eating frequency of meat 3.11 ± 1.28 2.95 ± 1.31 2.85 ± 1.17 3.05 ± 1.29 0.199

Eating frequency of fish and its products 3.27 ± 1.3 3.34 ± 1.31 3.12 ± 1.29 3.28 ± 1.3 0.570

Eating frequency of eggs and its products 3.65 ± 1.13 3.57 ± 1.21 3.34 ± 1.32 3.61 ± 1.17 0.406

Eating frequency of beans and its products 3.44 ± 1.26 3.18 ± 1.32 3.39 ± 1.12 3.36 ± 1.27 0.054

Eating frequency of milk and its products 3.39 ± 1.25 3.33 ± 1.37 3.41 ± 1.22 3.37 ± 1.28 0.946

*Since there is a certain categorical sample size n < 5 for this categorical variable, Fisher’s exact test is used. **Smoking: Smoking is defined as continuous or cumulative smoking for 6 months or 
more. ***Drinking alcohol: Whether it is white wine, beer, wine, or yellow wine, as long as the number of times it is consumed is defined as drinking alcohol, and those who consume it only once 
on festivals are not considered as drinking alcohol. ****Active weight loss behavior in the past year: It is defined as a binary variable (yes or no), indicating whether individuals had actively pursued 
strategies to manage their weight. It may not always result in significant weight reduction and can be influenced by various factors. These factors could include medical conditions, medications, and 
other underlying health conditions. *****Daily exercise: physical activity was defined as ≥150 min/week of moderate-intensity or ≥ 75 min/week of high-intensity physical activity.
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smoking, alcohol consumption, active weight loss behavior in the past 
year, patient age, and the presence of comorbidities were all associated 
with varying degrees of frailty within different populations.

3.3. Multivariate logistic regression analysis 
of factors related to different degrees of 
frailty

Using frailty, pre-frailty, and fitness as dependent variables, 
we  considered the following factors as independent variables: age, 
smoking, drinking, active weight loss behavior in the past year, 
comorbidities, BMI, WHR, BRI, ABSI, food taste acceptance score, 
daily regular meal score, regular breakfast score, total score of Nutrition 
Assessment Scale and total score of Dietary Habits Scale. Table 3 shows 
the variables that exhibited statistical significance in the analysis 
(p < 0.05). In our study, the application of multivariate logistic regression 
aims to identify significant contributing factors without establishing 
linear relationships between variables. This statistical approach is 

commonly employed in the field (33, 34). owing to its effectiveness in 
identifying significant predictors among multiple variables. It serves as 
a valuable tool for assessing associations between various factors and 
the targeted outcome. The results showed that 11 independent variables 
were associated with frailty and pre-frailty, including age, moderate and 
heavy drinking, active weight loss behavior in the last year, 
comorbidities, BMI, WHR, food taste acceptance score, daily meal 
score, regular breakfast score, total score of the Short Nutritional 
Assessment Scale, and total score of the Eating Habits Scale.

3.4. Logistic regression analysis of the 
single factor and different degrees of frailty

To prevent mutual influence and interference among independent 
variables, each independent variable was subjected to separate 
regression analysis. Previously, a parallel lines assumption test was 
conducted to ensure the parallelism of the response curves of 
categorical variables in the ordered logistic regression model. This 

TABLE 3 Multivariate logistic regression analysis of factors related to different degrees of frailty.

Independent variable Pre-Frail vs. Fit Frail vs. Fit

OR 95%CI P OR 95%CI P

Lower Upper Lower Upper

Body habitus

Body mass index 

(BMI)

Normal weight(ref)

Underweight 0.621 0.142 2.712 0.526 2.829E-09 2.829E-09 2.829E-09 0.000

Overweight 0.615 1.191 0.603 2.351 3.527 1.013 12.286 0.048

Waist-hip ratio 

(WHR)

Normal(ref)

Low 1.073 0.557 2.065 0.833 2.228 0.407 12.189 0.355

High 1.423 0.783 2.585 0.247 10.265 2.165 48.667 0.003

Body roundness index (BRI) 0.967 0.139 6.748 0.973 5.615 0.206 153.403 0.307

A body shape index (ABSI) 0.030 1.640E-06 554.665 0.485 3.965E-05 1.764E-12 891.252 0.241

Lifestyle

Age 1.005 0.991 1.019 0.490 1.048 1.024 1.072 0.000

Smoking No(ref)

Yes 0.666 0.419 1.060 0.087 0.689 0.311 1.525 0.358

Drinking alcohol No(ref)

Moderate 

drinking

1768 1.019 3.066 0.043 3.105 1.336 7.217 0.008

Heavy drinking 2.189 1.089 4.402 0.028 1.389 0.393 4.911 0.610

Active weight loss 

behavior in the 

past year

No(ref)

Yes 1.850 1.008 3.394 0.047 2.512 0.971 6.501 0.058

Comorbidity No(ref)

Yes 23.528 13.649 40.556 0.000 8.147 3.347 19.831 0.000

SNAQ total score 1.079 0.968 1.202 0.168 1.240 1.029 1.495 0.024

Food taste acceptance score 0.837 0.671 1.043 0.113 0.692 0.481 0.996 0.047

Dietary habits scale total score 1.063 1.018 1.111 0.006 1.058 0.985 1.138 0.124

Daily meal score 0.614 0.393 0.959 0.032 0.360 0.164 0.788 0.011

Regular breakfast score 0.355 0.234 0.539 0.000 0.553 0.270 1.133 0.106
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parallel lines assumption, commonly used in cross-sectional studies 
(35), signifies that distinct categories of an independent variable 
maintain a consistent parallel relationship across its entire range. This 
ensures the reliability of regression models for prediction and 
interpretation. If the parallel lines assumption is violated (p < 0.05), it 
suggests that the model may not accurately capture the relationships 
between different categories. This situation can lead to unstable 
predictive outcomes and compromise the overall reliability of the 
model. When p > 0.05, the response curves of each variable at varying 
levels of categorical variables exhibit parallelism, which can 
be analyzed using an ordered logistic regression model (36, 37).

As a result, except for WHR and comorbidities analyzed using 
unordered logistic regression, all other independent variables can 
be analyzed using ordered logistic regression. The impact of each 
independent variable on the degree of frailty was statistically different 
(p < 0.05). The results presented in Tables 4, 5 showed that aging 
annually increases the log odds value of frailty by 0.035 units 
(B = 0.035), indicating the significant effect of age on frailty. In terms 
of body habitus, the degree of frailty increased with increasing BMI 
values. The coefficient B for the variable “Overweight” with a value of 
0.823 (greater than 0) indicates that a positive value signifies an 
augmented probability ratio of transitioning from lower to higher 
levels of the dependent variable with an increase in the independent 
variable. This implies that the degree of frailty is correlated with an 
elevated BMI. For every unit increase in the BMI value, the odds ratio 
of transitioning from one level of the dependent variable to the next 
higher level increases by approximately a factor of 0.823. Individuals 
with a high WHR had a 6.283-fold increased risk of frailty compared 
to fitness. Moderate drinking, heavy drinking, and comorbidities, as 

factors influencing body habitus, all increased the relative probability 
of frailty (B > 0). Conversely, the relative probability of frailty decreased 
(B < 0) with each unit increase in active weight loss behavior in the 
past year, food taste acceptance score, daily meal score, regular 
breakfast score, simple nutritional assessment scale total score, and 
dietary habit scale total score. Comorbidity significantly increased the 
odds of frailty (OR = 11.126) and pre-frailty (OR = 17.510) when 
compared to the healthy population, and these results were statistically 
significant (p < 0.01).

4. Discussion

In previous studies, discussions on frailty mainly centered on the 
older adult population (38, 39). The present study conducted a 
comprehensive analysis of adult community residents for the first 
time. The outcomes unveiled a frailty prevalence rate of 5.67% and a 
pre-frailty prevalence rate of 29.18%, which were consistent with 
findings from numerous previous studies (40, 41). Moreover, this 
research delved into body habitus indicators beyond the confines of 
BMI, opting for a more accurate and comprehensive evaluation 
through multiple indicators such as WHR, body fat percentage, BRI, 
and weight index. This multifaceted approach enables a more 
comprehensive grasp of the relationships between factors such as fat 
mass, central obesity, and frailty.

In this study, Fried’s frailty scale (32), also known as the phenotype 
model (42), was utilized as the tool for screening and grading frailty. 
As the most widely employed method for assessing frailty, this 
questionnaire adeptly and swiftly portrays participants’ physical frailty 
statuses. Additionally, it exhibits a robust correlation with BMI and 
other body habitus indicators, rendering it the most appropriate 
method for assessing frailty within the scope of this cross-sectional 
study (43). Although the Fried frailty scale was initially designed for 
individuals aged 65 and older, recent research has indicated that it 
maintains a high level of accuracy when applied to the assessment of 
frailty in the middle-aged population (44). In contrast, the commonly 
used clinical frailty scale (CFS) (45) and frailty index (FI) (46) lack 
comprehensive evaluation criteria pertaining to body habitus. 
Consequently, these tools possess certain limitations when evaluating 
frailty across diverse body habitus profiles. The CFS primarily assesses 
frailty based on mobility status, while the FI lacks standardized criteria 
for variable inclusion. Researchers determine variable inclusion based 
on their study objectives and available health indicators, leading to 
variations in the number of variables (ranging from 30 to 70), and the 
corresponding threshold values (47–49), and researchers from 
different countries have developed their own versions of the FI. Hence, 
these two commonly used assessment tools inherently carry 
limitations that render them unsuitable for the present study.

Nutritional status was evaluated using the Simplified Nutritional 
Appetite Questionnaire (SNAQ) (50), which encompasses several 
indicators such as appetite, hunger, and sensory perception. This 
questionnaire embraces high reliability, sensitivity, and predictability, 
enabling it to effectively reflect the nutritional status of the population 
and predict the risk of malnutrition. To evaluate dietary habits, the 
China Food Guide Pagoda (2016 version) (31) and multiple references 
were consulted, covering various types of food and frequency of 
consumption, providing a comprehensive reflection of participants’ 
dietary preferences and dietary balance.

TABLE 4 Univariate ordinal logistic regression.

Independent 
variable

B 95%CI P

Lower Upper

Age 0.035 0.027 0.043 0.000

Drinking 

alcohol

No(ref)

Moderate 

drinking
0.918 0.543 1.293 0.000

Heavy 

drinking
0.886 0.389 1.383 0.000

Active 

weight loss 

behavior 

in the past 

year

No(ref)

Yes

0.508 0.089 0.927 0.018

Body mass 

index 

(BMI)

Normal weight(ref)

Underweight −0.921 −2.004 0.163 0.096

Overweight 0.832 0.496 1.149 0.000

SNAQ total score −0.061 −0.116 −0.006 0.031

Food taste acceptance score −0.188 −0.311 −0.066 0.003

Dietary habits scale total 

score
−0.029 −0.056 −0.002 0.035

Daily meal score −0.639 −0.945 −0.333 0.000

Regular breakfast score −0.599 −0.883 −0.315 0.000
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The findings of this study reaffirmed previously identified risk 
factors for frailty, including age, alcohol consumption, and 
comorbidities (4, 9, 14). In comparison to individuals classified as fit, 
those categorized as frail or pre-frail were older and more likely to 
engage in moderate or heavy drinking and suffer from comorbidities. 
Prior research has indicated that exercise can mitigate the risk of 
frailty and enhance physiological function in older adults (51). 
However, in this study, 56.10% of frail participants and 60.70% of 
pre-frail participants reported engaging in regular exercise. This 
suggests that the manner, frequency, and intensity of their exercise 
may not be  sufficient to effectively prevent or delay frailty. 
Furthermore, these results imply that the cause of frailty may extend 
beyond merely insufficient exercise, encompassing other factors such 
as age, health status, dietary habits, and medication usage.

In the present study, the relationship between BMI and frailty did 
not fully align with the findings of previous research. According to one 
study (52), there is a U-shaped association between BMI and frailty, 
suggesting that both high and low BMI values increase the likelihood 
of frailty. In our study, overweight individuals had a higher incidence 
of frailty, but the statistical association between low BMI value and 
frailty was not fully confirmed. Several factors could contribute to this 
outcome. Firstly, due to the high prevalence of obesity in China (53), 
our study had limited representation of individuals with low BMI and 
instead, had a greater prevalence of overnutrition and high BMI. This 
trend is consistent with previous research conducted within Chinese 
communities (54). Moreover, this discrepancy might be explicable 
through the mechanisms of frailty. Sarcopenia, the key contributor to 
frailty, primarily involves a decline in muscle mass within the body 
(55). However, for participants with lower BMI values, the reduction 
in BMI might not be entirely attributed to the loss of muscle mass; it 
could also involve loss of fat or calcium (56, 57). Similarly, a high BMI 
does not necessarily signify muscle gain but may be a sign of fat gain 
and muscle loss. Numerous studies have highlighted the risk of 
synergistic complications of sarcopenia and obesity in aging 
populations (58). Therefore, if frailty is described solely from the 
perspective of BMI as in previous studies, the relationship between 
sarcopenia and frailty may not be adequately substantiated. Our study 
encompassed various body habitus indicators, and both BMI and 
WHR demonstrated statistical significance. As a descriptive index for 
waist and hip circumference, WHR can better reflect the distribution 
of muscle and fat in different parts of the body. It effectively highlights 
unfavorable fat accumulation around the abdomen and is also easier 
to calculate than BMI (59). Several studies have demonstrated that the 
WHR is a more effective predictor of mortality and the incidence of 
certain diseases in middle-aged and older adults compared to BMI. It 
has also been adopted as an indicator of health and the presence of 

significant health risks (60, 61). Our results confirmed that high WHR 
independently increased the risk of current community frailty. This 
finding suggests that, in the context of Chinese community 
populations, low BMI or low WHR no longer constitute major factors 
in frailty development. Instead, high BMI and high WHR are more 
closely associated with frailty progression. Furthermore, we propose 
that WHR can offer a more accurate depiction of the relationship 
between frailty and sarcopenia compared to BMI. Individuals with 
high WHR are more likely to shift from fitness to frailty, implying an 
overlap between our physical condition characterized by high waist 
fat and low hip circumference fat, and the clinical manifestations of 
sarcopenia. Unlike BMI, which solely considers height and weight, 
WHR takes into account critical factors of sarcopenia: muscle mass 
and fat mass. It is worth noting that the formula for calculating WHR 
considers gender differences, which is particularly important since 
females are more susceptible to frailty (3, 62, 63). This gender-specific 
aspect is often overlooked when calculating BMI. In conclusion, the 
assessment of frailty can be enhanced by considering multiple body 
habitus indicators, such as WHR and BMI, to achieve more accurate 
and comprehensive results.

The absence of a significant correlation between body fat 
percentage (BFP) and frailty status, as observed in Table 2, presents an 
intriguing finding. This finding aligns with previous research that has 
highlighted inconsistencies and even reversals in the significance of 
WHR and BFP (64). BFP serves as an indicator of the proportion of 
total body weight attributed to adipose tissue, essentially representing 
the overall adiposity of the body. While an elevated body fat percentage 
may indicate a higher overall fat content, it fails to provide insights 
into the distribution of fat within specific anatomical regions. In the 
context of our study, the lack of a significant association between body 
fat percentage and frailty status suggests that the overall fat content 
might have a relatively minor impact on frailty. Conversely, WHR is 
regarded as a more refined measure, reflecting the proportion of 
abdominal fat within the total body fat composition. Elevated WHR 
is often indicative of abdominal obesity, which has a strong association 
with various health concerns and displays a significant relationship 
with frailty status (65). Our study confirms this perspective, 
underscoring that WHR could be more sensitive than BFP in assessing 
frailty status, or alternatively, the abdominal fat distribution might 
play a more pivotal role in determining frailty status. Furthermore, 
studies have indicated that Asians tend to possess a higher proportion 
of visceral fat compared to Europeans, which provides an additional 
perspective to explain the significant WHR result and the 
non-significant BFP finding in our study (66, 67).

This study also covered some relevant factors affecting body 
habitus, including lifestyle, nutritional status, and dietary habits. The 

TABLE 5 Univariate multinomial logistic regression.

Independent variable Pre-Frail vs. Fit Frail vs. Fit

OR 95%CI P OR 95%CI P

Lower Upper Lower Upper

Comorbidities No(ref)

Yes 17.510 11.677 26.256 0.000 11.126 5.608 22.073 0.000

Waist-hip ratio 

(WHR)

Normal(ref)

Low 1.347 0.835 2.171 0.222 2.673 0.543 13.115 0.227

High 1.095 0.706 1.699 0.684 6.283 1.477 26.726 0.013
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scoring outcomes of the questionnaire imply that a regimen of regular 
eating, daily breakfast consumption, high acceptance of food taste, a 
balanced diet, and adequate nutrition can collectively lower the 
relative likelihood of developing frailty. This suggests that favorable 
dietary habits can contribute to weight management, maintaining 
health status, and diminishing the risk of frailty (68, 69). Additionally, 
some literature has suggested a relationship between frailty and 
malnutrition (70–72). Malnutrition has been identified as the primary 
risk factor for frailty among community-dwelling older adults (73), 
which has a greater impact on the frailty of the population (70).

5. Limitation

Although we selected the most suitable frailty assessment scale 
for our study, there is currently no frailty scale available that 
encompasses all age groups. Hence, there might be some bias in the 
assessment of frailty among the younger population. In terms of 
sample selection and collection, this study was limited to community 
populations in urban areas of China. While we  have made 
considerable efforts to ensure sample representativeness, achieving a 
100% representation of the overall situation is challenging. Moreover, 
factors such as rural areas and ethnicity should be  taken into 
consideration. Additionally, the sample size gathered for some 
indicators remains moderate. Despite our efforts to rule out 
collinearity, this might result in some inevitable errors in the 
outcomes, such as wider confidence intervals. In future investigations, 
we intend to explore the possibility of employing a multi-center or 
longitudinal research approach, thereby broadening the spectrum 
and comprehensiveness of the sample. Furthermore, the percentage 
of body fat was calculated during the measurement process, without 
using instruments for obtaining highly accurate results. To enhance 
the accuracy of body composition measurement, we aim to employ 
more comprehensive and precise measurement methods. Finally, 
since our study was cross-sectional in nature, we did not conduct 
subgroup analyzes of frailty status across different populations or 
genders. Further research is needed to explore the interplay and 
influence of BMI and other contributing factors.

6. Conclusion

This cross-sectional analysis elucidated the relationship between 
body habitus and frailty in community-dwelling adults. The study 
also incorporated pertinent influencing factors such as lifestyle, 
nutritional status, and dietary habits. The results demonstrated that 
compared to previous studies solely focused on BMI, a comprehensive 
evaluation of body habitus involving BMI, WHR, BFP, BRI, ABSI, and 
other indicators can provide a more thorough and accurate reflection 
of the influence of body size and obesity on frailty severity. 
Furthermore, this approach can help explain the mechanisms 
underlying frailty caused by sarcopenia, thereby aiding in predicting 
changes in the prevalence of adult frailty within communities. By 
fostering good dietary habits, achieving nutritional balance, 
managing comorbidities, and reducing alcohol consumption, the risk 
of community frailty can be significantly mitigated. These findings 
offer novel insights into targeted prevention and even reversal 
of frailty.
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