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Editorial on the Research Topic

Physical activity as a natural cure for non-communicable diseases

1. Introduction

Despite the numerous epidemiological studies demonstrating the health benefits of

physical activity and the increased risk of chronic diseases associated with physical inactivity,

a significant portion of the global population remains physically inactive (1–4). The modern

era of industrialization and communication has resulted in a lifestyle shift and reduced

physical activity across all age groups (5, 6). Physical activity and physical fitness are

recognized determinants of health, and thus the negative health consequences resulting from

physical inactivity are not surprising (7). The global burden of non-communicable diseases

(NCDs), responsible for over 40 million deaths annually (8), is alarming, particularly in

individuals aged 30–69 years (15 million deaths per year). This highlights the need to focus

on the significant social issue of physical inactivity as part of the United Nations 2030 agenda.

Given the negative trends of modern lifestyles, it is essential to develop strategies to promote

physical activity behavior and understand the genetic, physiological, environmental, and

behavioral factors related to major NCDs. Consequently, the objective of this Research Topic

is to further develop knowledge on the effects of physical (in)activity on major NCDs and

improve our understanding of the factors involved. In conclusion, physical inactivity is a

significant public health issue that requires urgent attention. The development of effective

strategies to promote physical activity and reduce the incidence of NCDs is essential. A

deeper understanding of the underlying mechanisms and risk factors involved in NCDs will

enable the identification of new therapeutic and preventative approaches and contribute to

the development of effective public health strategies.

2. Contribution to the field

The aim of this Research Topic is to gather and disseminate new knowledge pertaining

to the impact of physical (in) activity on major non-communicable diseases across all age
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groups, ranging from childhood to old age. The 10 studies that have

emerged as a result of this Research Topic, comprising six cross-

sectional studies, one case-control study, and three review articles,

offer readers a unique opportunity to expand their knowledge in

this field. The findings presented in these studies are expected to

advance our understanding of the relationship between physical

activity and non-communicable diseases, thus contributing to the

development of effective strategies to prevent and manage these

diseases. By focusing on a range of age groups, these studies

provide a comprehensive view of the impact of physical activity on

health outcomes across the lifespan, offering valuable insights into

the potential benefits of physical activity promotion programs for

individuals of all ages.

The majority of the studies conducted in this Research Topic

primarily focused on adults. However, to establish a comprehensive

understanding of the impact of physical (in)activity on non-

communicable diseases, it is crucial to also investigate its effects

on the youngest population, i.e., children. This Research Topic

included three studies that examined the effects of physical activity

on children aged 5–17 years. These studies, consisting of two cross-

sectional studies and one case-control study, evaluated the benefits

of physical activity on gross motor skills, physical fitness, sensory

integration, kinetic visual acuity, uncorrected distance visual acuity,

and strength performance. The first study by Fu et al. investigated

the effects of functional training, lasting 12 weeks, on children’s

gross motor skills, physical fitness, and sensory integration. The

results of this study showed a significant improvement in all three

areas, highlighting the benefits of functional training for children’s

physical development. The second study by Yin et al. examined

the effects of physical activity combined with extra ciliary-muscle

training, lasting 16 weeks, on children’s kinetic visual acuity and

uncorrected distance visual acuity. The results showed that the

combination of physical activity and extra ciliary-muscle training

improved both visual acuity measures, indicating the potential

benefits of this intervention for children’s vision. The third study by

Patti et al. assessed the effects of physical exercise continuity during

the COVID-19 pandemic on strength performance in children.

The results indicated that consistent physical exercise during

the pandemic period resulted in higher strength performance in

both the Handgrip test and the Countermovement Jump test.

Overall, these studies provide important insights into the benefits of

physical activity for children’s physical development, particularly in

the areas of gross motor skills, physical fitness, sensory integration,

vision, and strength performance.

The following five studies investigated the effect of physical

activity on a sample of adults aged 18–60 years. The first three

studies, which were cross-sectional in design, examined the impact

of physical activity on various health outcomes, all concluding

that physical activity has a positive effect. One study found that

physical activity could reduce the incidence of kidney stones in

diabetes patients with a high body mass index (BMI), despite

high BMI being a risk factor for kidney stones (Mao et al.).

Another study reported that greater participation in mass sports

increased the likelihood of prosocial behavior (Duan et al.), while

a third study found that increased physical activity could prevent

hypertension (Zhou et al.). The remaining two studies, which

were review articles, aimed to determine the potential of physical

activity in suppressing the negative effects of sedentary behavior on

cardiovascular disease and obesity epidemics (Liang et al.; Rizzato

et al.). The results of these studies suggest that physical activity can

reduce the risk of cardiovascular disease and improve indicators

associated with it. Furthermore, alternative workstations, such as

standing or walking workstations, seated pedals, and gymnastic

balls, may be useful in combating the obesity epidemic.

An additional study in this Research Topic focused on both

adults and older adult individuals. It was a systematic review study

that examined a clinical population with participants ranging from

48 to 75 years of age. The study concluded that physical exercise

interventions may improve, or at least not worsen, cognitive

performance in patients undergoing hemodialysis (Bogataj et al.).

The last study was a cross-sectional study that examined

individuals in the older adult age group (65–85 years). The study

aimed to investigate the combined impact of smoking and physical

activity on mortality rates in older adult patients diagnosed with

hypertension. The study’s results suggest that the combination

of smoking and physical inactivity may have a synergistic effect

on the risk of premature death, emphasizing the critical need

to enhance behavioral factors and advocate for a comprehensive

healthy lifestyle in older adult patients with hypertension (Yang

et al.).

3. Conclusion

This particular Research Topic contains 10 articles that support

well-established evidence regarding the positive effects of regular

physical activity on health outcomes (9). In addition, the Research

Topic provides specific recommendations in the form of prepared

physical exercise programs, which can be found in the published

articles. These programs have undergone verification and can be

implemented, either in full or in part, by practitioners to prevent,

treat, or alleviate certain health conditions. Moreover, there is

a high likelihood that these programs will lead to a predicted

transformation or output state. It is highly probable that the

information and practical suggestions presented in this Research

Topic will inspire researchers to develop even better solutions to

combat Non-communicable Diseases.
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Physical Activity Reduces the Effect
of High Body Mass Index on Kidney
Stones in Diabetes Participants From
the 2007–2018 NHANES Cycles: A
Cross-Sectional Study
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Background: Body mass index (BMI) is a vital risk factor for kidney stones, but physical

activity may reduce the incidence of kidney stones. However, it remains unknownwhether

physical activity reduces the effect of high BMI on kidney stones in diabetes participants.

Methods: We included clinical information from 4,008 adult participants with diabetes

from the National Health and Nutrition Examination Survey (NHANES) database from

2007 to 2018. Univariate and multivariate logistic regression analyses were used to

analyze the relationship between BMI and kidney stones, as well as the risk of BMI and

kidney stones in different physical activity subgroups.

Results: A total of 4,008 diabetic participants were included in this study, of whom

652 (16.3%) self-reported a history of kidney stones. Logistic regression analysis

showed a positive association between BMI and kidney stones. After adjusting for

other confounders, the adjusted ORs for the risk of kidney stones was 1.514 (95%

CI, 1.134–2.022, p= 0.005) for participants with BMI≥30 kg/m2 among all participants;

the risk of kidney stones was elevated (OR = 1.572, 95% CI, 1.134–2.022, p = 0.005) in

group without physical activity, and a reduced risk (OR = 1.421, 95% CI, 0.847–2.382,

p = 0.183) in the group with physical activity. Furthermore, similar results were found in

most subgroups.

Conclusion: Our study suggests that high BMI is a risk factor for diabetes kidney stone

participants and that physical activity may moderate this relationship to some extent.

Keywords: kidney stones, body mass index, physical activity, diabetes, NHANES database

BACKGROUND

Kidney stones are stones in the junction of renal calyces, renal pelvis or pelvic ureter and are
one of the most common urological diseases, accounting for 40–50% of all urinary stone diseases
(1, 2). Hematuria and back pain are the main clinical manifestations, which can cause urological
infection, urinary tract obstruction and even uremia (3, 4). Kidney stones are a complex disease
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caused by environmental, dietary and genetic factors, with an
incidence of over 6–12% and a 5-year recurrence rate of up to
50%, seriously affecting human health (5).

There are many risk factors for kidney stones, such as
metabolic, dietary, pharmacological and environmental (6, 7).
Metabolic syndrome is a group of clinical symptoms of metabolic
disorders characterized by abdominal obesity, hyperglycemia,
hypertension, high triglycerides, and abnormal HDL cholesterol
(8). Related studies have found that the development of
kidney stones is closely related to lifestyle-related diseases
such as hyperglycemia, obesity, hypertension and dyslipidemia
components of the metabolic syndrome, and that the metabolic
syndrome and its components can significantly increase the
prevalence of kidney stones (9, 10).

Diabetes is a common metabolic disease, and previous studies
have shown a positive association between diabetes and kidney
stone risk (11). Taylor et al. (12) found that diabetic patients are
more likely to develop kidney stones than the general population.
Domingos et al. (13) found a higher prevalence of diabetes in
patients with kidney stones compared to normal subjects through
a survey analysis of 23,349 individuals. Patients with diabetic
kidney stones have a worse prognosis and poorer quality of life
than patients with general kidney stones (14).

Obesity is a common disease worldwide and is often defined
by body mass index (BMI). One study found a correlation
between the incidence of kidney stones and human BMI, with
both overweight (BMI 25.0–29.9 kg/m2) and obesity (BMI ≥30
kg/m2) increasing the risk of kidney stones to some extent (15).
Obesity is not only associated with the formation of kidney stones
but also with their recurrence. Lee et al. (16) analyzed more
than 700 patients with primary kidney stones and found that the
proportion of stone recurrence within 5 years was significantly
higher in patients with BMI ≥30 kg/m2 than in those with BMI
<25 kg/m2 (42 vs. 14.9%, p = 0.0012), and multiple logistic
regression analysis showed obesity was the only predictor of
stone recurrence.

A healthy lifestyle can improve quality of life and reduce the
incidence of disease, and physical activity is an integral aspect of
this (17). However, studies on the relationship between physical
activity and kidney stones are relatively few and the results
are inconsistent. Feng et al. (18) found that physical activity
was inversely associated with the prevalence of kidney stones
through a survey of 8,931 US participants, and that physical
activity reduced the incidence of kidney stones. In contrast, in
a large prospective cohort, no independent association between
physical activity and kidney stones was found (19). The specific
relationship between physical activity levels and kidney stones is
not known.

Since most of the current study population is general kidney
stone patients, fewer studies have been conducted on diabetes
kidney stone patients. In addition, since both BMI and physical
activity may have an effect on kidney stones, it is unclear
whether they have a combined effect in modulating diabetes
kidney stones. In this study, we used data from the National
Health and Nutrition Examination Survey (NHANES) database
to explore the relationship between BMI and patients with
diabetes kidney stones and to provide insight into whether

FIGURE 1 | Schematic overview for patient identification.

physical activity may reduce the risk of kidney stones caused
by high BMI.

MATERIALS AND METHODS

Data Sources and Preparation
The NHANES database is a cross-sectional survey conducted
by the National Center for Health Statistics (NCHS) to assess
the health and nutritional status of adults and children in the
U.S. The NHANES database includes demographic information,
socioeconomic information, dietary status, health-related issues,
and medical health-related physical examinations and laboratory
tests (20). The NHANES database is a publicly available database
that the database has published data files from the survey online
on a 2-year cycle since 1999.

The current study included publicly available data from
NHANES for six cycles between 2007 and 2018. We first
identified 4,628 adult participants with diabetes and subsequently
developed the following exclusion criteria: a) incomplete stone
survey (n = 21); b) unknown BMI (n = 284); c) unknown
education level (n = 10); d) unknown marital status (n = 4);
e) unknown hypertension status (n = 10); f) unknown renal
function indicators (n= 291). A total of 4,008 study subjects were
eventually enrolled in this study (Figure 1).

Study Variables and Other Variables
Kidney stones were determined based on the KIQ026
question from the Kidney Conditions - Urology survey in
the questionnaire data. Questions on kidney stones was asked in
the home, by trained interviewers, using the Computer-Assisted
Personal Interview (CAPI) system (21). In the questionnaire,
participants were asked by a trained professional, “Have you ever
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had a kidney stone” and if the participant answered “Yes,” they
were considered to have a history of kidney stones.

In addition, some other variables such as gender (female
and male), age (<60 years and ≥60 years), race (Non-
Hispanic white, Non-Hispanic black, Mexican American, other
Hispanic, and other race), education level (less than high
school, high school or equivalent, and college or above),
marital status (married and unmarried), BMI (<25.0 kg/m2

25.0–29.9 kg/m2 and ≥30.0 kg/m2), hypertension (yes and
no), smoking status (never, former and current), physical
activities status (yes and no), and blood urea nitrogen,
creatinine, uric acid, and estimated glomerular filtration rate
(eGFR) were also included in this study. BMI was calculated
by the formula: weight(kg)/(height(m2)∗height(m2)). Physical
activity was determined according to “Physical Activity” in the
questionnaire data. Hypertension and diabetes were diagnosed by

TABLE 1 | Baseline characteristics of diabetes participants between 2007 and 2018.

Characteristic Total None-stone formers Stone formers P-value

No. (%) No. (%) No. (%)

Total patients 4,008 3,356 (83.7) 652 (16.3)

Gender <0.001

Male 2,081 (51.9) 1,684 (50.2) 397 (60.9)

Female 1,927 (48.1) 1,672 (49.8) 255 (39.1)

Age 0.027

<60 years 1,487 (37.1) 1,270 (37.8) 217 (33.3)

≥60 years 2,521 (62.9) 2,086 (62.2) 435 (66.7)

Race <0.001

Non-Hispanic white 1,382 (34.5) 1,072 (31.9) 310 (47.5)

Non-Hispanic black 1,021 (25.5) 924 (27.5) 97 (14.9)

Mexican American 711 (17.7) 607 (18.1) 104 (16.0)

Other Hispanic 433 (10.8) 361 (10.8) 72 (11.0)

Other 461 (11.5) 392 (11.7) 69 (10.6)

Education level 0.448

Less than high school 1,393 (34.8) 1,179 (35.1) 214 (32.8)

High school or equivalent 890 (22.2) 746 (22.2) 144 (22.1)

College or above 1,725 (43.0) 1,431 (42.6) 294 (45.1)

Marital status 0.007

Married 2223 (55.5) 1830 (54.5) 393 (60.3)

Unmarried 1785 (44.5) 1526 (45.5) 259 (39.7)

BMI (kg/m2) 0.017

<25.0 536 (13.4) 464 (13.8) 72 (11.0)

25.0–29.9 1,154 (28.8) 983 (29.3) 171 (26.2)

≥30.0 2,318 (57.8) 1,909 (56.9) 409 (62.7)

Hypertension 0.544

Yes 2800 (69.9) 2338 (69.7) 462 (70.9)

No 1208 (30.1) 1018 (30.3) 190 (29.1)

Smoking status 0.099

Never 2,004 (50.0) 1,699 (50.6) 305 (46.8)

Former 1,380 (34.4) 1,132 (33.7) 248 (38.0)

Current 624 (15.6) 525 (15.6) 99 (15.2)

Physical activities 0.160

No 2,671 (66.6) 2,221 (66.2) 450 (69.0)

Yes 1,337 (33.4) 1,135 (33.8) 202 (31.0)

Blood urea nitrogen (mg/dL) 17.13, 8.82 16.93, 8.60 18.17, 9.78 0.001

Creatinine (mg/dL) 1.05, 0.77 1.03, 0.73 1.11, 0.98 0.024

Uric acid (mg/dL) 5.74, 1.60 5.73, 1.58 5.80, 1.68 0.363

eGFR [mL/(min·1.73 m2)] 80.64, 26.26 81.21, 26.39 77.69, 25.40 0.002

For categorical variables, P-values were analyzed by chi-square tests. For continuous variables, the t-test was used.

BMI, body mass index; eGFR, estimated glomerular filtration rate.
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a physician or other health professional. The eGFRwas calculated
by the following Equation (4):

eGFR = 141×min(Scr/α, 1)β×max(Scr/α, 1)−1.209
×0.993age

×γ×1.159(ifblack).

Male : α = 0.9, β = −0.411, γ = 1,

Female : α = 0.7, β = −0.329, γ = 1.018.

Statistical Analysis
Continuous data were presented as mean ± standard deviation
(SD) and categorical data were described as number (n) and

percentage (%). T-tests were used to assess continuous variables
and chi-square tests were used to assess categorical demographic
differences. In processing the data, weights were analyzed for

the data in different cycles. Logistic regression models and

dose-response curves with restricted cubic spline (RCS) were
used to assess the association between BMI and kidney stones

in different physical activity groups, and results are presented

as adjusted odds ratios (aORs) and 95% confidence intervals
(CIs). We constructed four models for the logistic regression

analysis. Model 1 was univariate analysis. In model 2, we
adjusted for gender, age, and race because demographic factors

were associated with physical activity. Subsequently, we further

TABLE 2 | Baseline characteristics of diabetes participants between 2007 and 2018 based on physical activity status.

Characteristic Total No physical activity Physical activity P-value

No. (%) No. (%) No. (%)

Total patients 4,008 2,671 (66.6) 1,337 (33.4)

Gender <0.001

Male 2,081 (51.9) 1,311 (49.1) 770 (57.6)

Female 1,927 (48.1) 1,360 (50.9) 567 (42.4)

Age <0.001

<60 years 1,487 (37.1) 904 (33.8) 583 (43.6)

≥60 years 2,521 (62.9) 1,767 (66.2) 754 (56.4)

Race <0.001

Non-Hispanic white 1,382 (34.5) 951 (35.6) 431 (32.2)

Non-Hispanic black 1,021 (25.5) 651 (24.4) 370 (27.7)

Mexican American 711 (17.7) 495 (18.5) 216 (16.2)

Other Hispanic 433 (10.8) 309 (11.6) 124 (9.3)

Other 461 (11.5) 265 (9.9) 196 (14.7)

Education level <0.001

Less than high school 1,393 (34.8) 1,099 (41.1) 294 (22.0)

High school or equivalent 890 (22.2) 616 (23.1) 274 (20.5)

College or above 1,725 (43.0) 956 (35.8) 769 (57.5)

Marital status 0.214

Married 2,223 (55.5) 1,463 (54.8) 760 (56.8)

Unmarried 1,785 (44.5) 1,208 (45.2) 577 (43.2)

BMI (kg/m2) 0.010

<25.0 536 (13.4) 347 (13.0) 189 (14.1)

25.0-29.9 1,154 (28.8) 735 (27.5) 419 (31.3)

≥30.0 2,318 (57.8) 1,589 (59.5) 729 (54.5)

Hypertension <0.001

Yes 2,800 (69.9) 1,926 (72.1) 874 (65.4)

No 1208 (30.1) 745 (27.9) 463 (34.6)

Smoking status <0.001

Never 2,004 (50.0) 1,284 (48.1) 720 (53.9)

Former 1,380 (34.4) 928 (34.7) 452 (33.8)

Current 624 (15.6) 459 (17.2) 165 (15.6)

Blood urea nitrogen (mg/dL) 17.13, 8.82 17.59, 9.46 16.22, 7.29 <0.001

Creatinine (mg/dL) 1.05, 0.77 1.07, 0.80 1.00, 0.72 0.010

Uric acid (mg/dL) 5.74, 1.60 5.76, 1.65 5.70, 1.50 0.260

eGFR [mL/(min·1.73 m2)] 80.64, 26.26 78.52, 26.74 84.86, 24.75 <0.001

For categorical variables, P-values were analyzed by chi-square tests. For continuous variables, the t-test was used.

BMI, body mass index; eGFR, estimated glomerular filtration rate.
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TABLE 3 | Logistic regression analyzed the relationship between BMI and the presence of kidney stone in different physical activity groups.

BMI Model 1 Model 2 Model 3 Model 4

aOR (95% CI) P aOR (95% CI) P aOR (95% CI) P aOR (95% CI) P

All participants 0.017 0.001 0.003 0.001

<25.0 kg/m2 Reference Reference Reference Reference

25.0–30.0 kg/m2 1.121 (0.833–1.508) 0.490 1.090 (0.806–1.474) 0.577 1.081 (0.798–1.464) 0.614 1.111 (0.820–1.507) 0.497

≥30.0 kg/m2 1.381 (1.054–1.809) 0.019 1.483 (1.119–1.963) 0.006 1.457 (1.096–1.938) 0.010 1.514 (1.134–2.022) 0.005

No physical activity 0.015 0.004 0.009 0.004

<25.0 kg/m2 Reference Reference Reference Reference

25.0–30.0 kg/m2 1.099 (0.760-1.590) 0.615 1.078–(0.741–1.568) 0.696 1.072 (0.735–1.562) 0.718 1.104 (0.756–1.612) 0.608

≥30.0 kg/m2 1.455 (1.044–2.029) 0.027 1.531 (1.087–2.157) 0.015 1.491 (1.053–2.111) 0.025 1.572 (1.103–2.240) 0.012

Physical activity 0.711 0.315 0.372 0.342

<25.0 kg/m2 Reference Reference Reference Reference

25.0–30.0 kg/m2 1.161 (0.705–1.912) 0.558 1.116 (0.669–1.860) 0.675 1.112 (0.663–1.864) 0.688 1.176 (0.697–1.983) 0.544

≥30.0 kg/m2 1.216 (0.763–1.938) 0.411 1.379 (0.841–2.259) 0.202 1.361 (0.819–2.261) 0.234 1.421 (0.847–2.382) 0.183

Adjusted covariates: model 1: univariate analysis; model 2: gender, age and race; model 3: model 1 plus education level, marital status, hypertension and smoking status; model 4:

model 3 plus blood urea nitrogen, creatinine, uric acid and eGFR.

PA, physical activities; BMI, body mass index; eGFR, estimated glomerular filtration rate; CI, confidence interval; aOR, adjusted odds ratio.

adjusted for variables related to participants’ living conditions,
such as education, marital status, hypertension, and smoking
status in model 3. Finally, we included renal function-related
indicators (blood urea nitrogen, creatinine, uric acid and eGFR)
in model 4. R software (version 3.5.3) and SPSS software (version
24.0) were applied in the present study, and P-values calculated
at <0.05 were considered statistically significant.

RESULTS

Table 1 demonstrates the clinicopathological characteristics of all
participants. A total of 4,008 diabetes participants were enrolled
in the study between 2007 and 2018, of whom 652 (16.3%)
self-reported a history of kidney stones and 3,356 (83.7%) had
no history of kidney stones. Chi-square test revealed significant
differences between stone formers and non-stone formers groups
on the variables of gender, age, race, marital status and BMI. The
proportion of stone formers who were male, ≥60 years, Non-
Hispanic white, married, and BMI ≥30.0 kg/m2 were higher in
stone formers than in non-stone formers groups. Stone formers
group had higher blood urea nitrogen and creatinine levels and
lower eGFR compared to non-stone formers. In addition, among
the total participants, 2,671 (66.6%) did not engage in physical
activity and 1,337 (33.4%) did not engage in physical activity,
with a slightly higher proportion of no physical activity in the
stone formers group (p= 0.160).

We also studied the clinicopathological characteristics of
the total population according to physical activity (Table 2).
The results showed significant differences between the physical
activity and no physical activity groups in the variables of gender,
age, race, education, BMI, hypertension, smoking status, blood
urea nitrogen, creatinine and eGFR. The proportion of<60 years,
college or above, BMI <30 kg/m2, no hypertension, and never
smoking was significantly higher in the physical activity group

than in the no physical activity group. In addition, participants
in the physical activity group had lower levels of blood urea
nitrogen, creatinine and higher levels of eGFR compared to the
no physical activity group.

Participants were divided into three groups according to BMI
criteria: BMI <25 kg/m2, BMI 25.0–29.9 kg/m2 and BMI ≥30
kg/m2 groups. Among all diabetes participants, univariate logistic
regression analysis showed that the risk of kidney stones was
12.1% higher (95% CI, 0.833–1.508, p = 0.490) in the BMI
25.0–29.9 kg/m2 group and 38.1% higher (95% CI, 1.054–1.809,
p = 0.019) in the BMI ≥30 kg/m2 group compared with the
BMI <25 kg/m2 group. After adjusting for all other variables,
BMI ≥30 kg/m2 remained an independent risk factor for kidney
stones, with a risk of 1.514 (95% CI, 1.134–2.022, p = 0.005) in
the BMI ≥30 kg/m2 group compared to the BMI <25 kg/m2
group (Table 3).

In addition, we evaluated the effect of physical activity on the
relationship between BMI and kidney stones.We found a positive
association between BMI and kidney stones in all participants
(p = 0.017), with a prevalence of kidney stones in the three
BMI groups being 13.4, 14.8, and 17.6%, respectively, and the
highest prevalence of kidney stones in the BMI ≥30 kg/m2

group (Figure 2). However, in the no physical activity group, the
prevalence of kidney stones increased to 18.6% in the BMI ≥30
kg/m2 group (p= 0.017) and decreased to 15.6% in the BMI≥30
kg/m2 group with physical activity (p = 0.711). Moreover, dose-
response curves showed a correlation between BMI and kidney
stones in all participants (p = 0.036) and no physical activity
group (p = 0.011), while no correlation in the physical activity
group (p= 0.640) (Figure 3).

Table 3 shows the relationship between BMI and kidney
stones in different physical activity groups. We found that BMI
was an independent risk factor for kidney stones in the no
physical activity group, with a risk of 1.572 (95% CI, 1.103–
2.240, p = 0.012) for kidney stones in the BMI ≥30 kg/m2 group
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FIGURE 2 | Prevalence of kidney stones in different BMI groups among different physical activity groups.

FIGURE 3 | The dose–response analysis of kidney stones with BMI by

physical activity type. OR, Odds ratio; CI, Confidence interval.

compared to the BMI <25 kg/m2 group. In contrast, in the
physical activity group, BMI was not an independent risk factor

for kidney stones (p = 0.342), and the risk of kidney stones in
the BMI ≥30 kg/m2 group was 1.421 compared to the BMI <25
kg/m2 group (p = 0.183, no statistically significant). In addition,
the risk of kidney stones in the BMI ≥30 kg/m2 group was also
found to be lower in the physical activity group than in the no
physical activity group in most subgroup analyses (Table 4).

DISCUSSION

In the current study, we explored the relationship between
physical activity, BMI and kidney stones using clinical data
from the NHANES database of participants with diabetes kidney
stones during 2007–2018. We first investigated the relationship
between BMI and kidney stones: multivariate logistic regression
revealed that the risk of kidney stones increased with increasing
BMI and that BMI was an independent risk factor for kidney
stones. Subsequently, we explored the effect of physical activity
and found that physical activity reduced the effect of high BMI
on kidney stones in participants with diabetes. We demonstrated
for the first time that physical activity exerts a beneficial effect on
diabetes kidney stone participants at high BMI. This result may
provide new insights into the impact of reducing BMI on kidney
stones and provide new ways to prevent kidney stones.

Kidney stones are one of the most frequent and common
diseases in urology, with complex causes and high recurrence
rates. With the in-depth research on the etiology of kidney
stones, the role of metabolic syndrome in the pathogenesis of
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TABLE 4 | Subgroup analyses between BMI and the presence of kidney stone in NHANES 2007–2018.

Subgroups BMI (kg/m2) [aOR (95% CI)] P

<25.0 25.0–29.9 ≥30.0

Gender

Male

All patients 1.000 1.216 (0.834–1.774) 1.493 (1.030–2.163) 0.068

No physical activity 1.000 1.271 (0.779–2.073) 1.661 (1.032–2.673) 0.066

Physical activity 1.000 1.258 (0.681–2.323) 1.383 (0.743–2.574) 0.591

Female

All patients 1.000 0.919 (0.540–1.561) 1.477 (0.922–2.365) 0.019

No physical activity 1.000 0.889 (0.481–1.643) 1.490 (0.867–2.562) 0.034

Physical activity 1.000 0.996 (0.336–2.951) 1.472 (0.542–3.998) 0.504

Age

<60 years

All patients 1.000 0.921 (0.513–1.652) 1.434 (0.847–2.427) 0.060

No physical activity 1.000 1.147 (0.434–3.033) 1.971 (0.792–4.901) 0.143

Physical activity 1.000 0.827 (0.392–1.748) 1.209 (0.624–2.342) 0.342

≥60 years

All patients 1.000 1.192 (0.831–1.708) 1.517 (1.069–2.151) 0.028

No physical activity 1.000 1.213 (0.779–1.889) 1.692 (1.109–2.581) 0.014

Physical activity 1.000 1.248 (0.655–2.378) 1.241 (0.643–2.399) 0.780

Race

Non-Hispanic White

All patients 1.000 0.775 (0.484–1.240) 1.166 (0.757–1.796) 0.044

No physical activity 1.000 0.736 (0.416–1.302) 1.221 (0.727–2.050) 0.045

Physical activity 1.000 0.906 (0.376–2.181) 1.213 (0.527–2.793) 0.593

Non-Hispanic Black

All patients 1.000 1.368 (0.544–3.440) 2.251 (0.980–5.170) 0.059

No physical activity 1.000 3.572 (0.763–16.728) 6.401 (1.492–27.454) 0.017

Physical activity 1.000 0.649 (0.163–2.573) 0.880 (0.257–3.011) 0.789

Others

All patients 1.000 1.435 (0.908–2.266) 1.633 (1.034–2.577) 0.109

No physical activity 1.000 1.817 (0.816–4.044) 1.840 (0.802–4.221) 0.303

Physical activity 1.000 1.276 (0.722–2.257) 1.414 (0.808–2.474) 0.474

Education

Less than high school

All patients 1.000 1.061 (0.637–1.767) 1.572 (0.975–2.535) 0.041

No physical activity 1.000 1.106 (0.621–1.969) 1.647 (0.965–2.813) 0.056

Physical activity 1.000 0.771 (0.244–2.430) 1.127 (0.360–3.524) 0.706

High school or equivalent

All patients 1.000 0.908 (0.492–1.677) 1.092 (0.607–1.967) 0.695

No physical activity 1.000 0.725 (0.337–1.560) 1.090 (0.532–2.234) 0.320

Physical activity 1.000 1.186 (0.396–3.550) 0.906 (0.299–2.746) 0.782

College or above

All patients 1.000 1.297 (0.792–2.124) 1.728 (1.078–2.769) 0.036

No physical activity 1.000 1.496 (0.747–2.995) 1.976 (1.022–3.819) 0.093

Physical activity 1.000 1.346 (0.642–2.820) 1.934 (0.939–3.983) 0.132

Marital status

Married

All patients 1.000 1.095 (0.736–1.630) 1.446 (0.980–2.134) 0.052

No physical activity 1.000 1.234 (0.737–2.066) 1.683 (1.021–2.773) 0.051

Physical activity 1.000 0.960 (0.506–1.821) 1.171 (0.615–2.232) 0.686

(Continued)
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TABLE 4 | Continued

Subgroups BMI (kg/m2) [aOR (95% CI)] P

<25.0 25.0–29.9 ≥30.0

Unmarried

All patients 1.000 1.139 (0.703–1.846) 1.652 (1.062–2.571) 0.020

No physical activity 1.000 1.863 (0.702–4.944) 2.224 (0.858–5.763) 0.258

Physical activity 1.000 0.979 (0.554–1.730) 1.508 (0.906–2.513) 0.058

Hypertension

Yes

All patients 1.000 0.951 (0.648–1.394) 1.308 (0.917–1.865) 0.028

No physical activity 1.000 1.029 (0.515–2.057) 1.315 (0.681–2.537) 0.493

Physical activity 1.000 0.916 (0.575–1.460) 1.282 (0.834–1.972) 0.073

No

All patients 1.000 1.395 (0.838–2.322) 1.900 (1.147–3.146) 0.032

No physical activity 1.000 1.561 (0.807–3.022) 2.370 (1.254–4.478) 0.019

Physical activity 1.000 1.202 (0.527–2.743) 1.404 (0.590–3.343) 0.735

Smoking status

Never

All patients 1.000 1.137 (0.717–1.804) 1.709 (1.102–2.651) 0.007

No physical activity 1.000 1.208 (0.674–2.164) 1.728 (0.997–2.996) 0.056

Physical activity 1.000 1.117 (0.516–2.417) 1.804 (0.853–3.814) 0.112

Former

All patients 1.000 1.023 (0.620–1.689) 1.244 (0.771–2.006) 0.432

No physical activity 1.000 0.922 (0.503–1.692) 1.241 (0.704–2.186) 0.329

Physical activity 1.000 1.469 (0.564–3.827) 1.247 (0.474–3.282) 0.708

Current

All patients 1.000 1.148 (0.555–2.376) 1.540 (0.776–3.055) 0.363

No physical activity 1.000 1.262 (0.491–3.241) 2.120 (0.88–5.057) 0.132

Physical activity 1.000 0.725 (0.208–2.531) 0.704 (0.193–2.573) 0.850

Adjusted covariates: gender, age, race, education levels, marital status, hypertension, smoking status, blood urea nitrogen, creatinine, uric acid, and estimated glomerular filtration rate

(eGFR). aOR, adjusted odds ratio; CI, confidence interval.

kidney stones has also received increasing attention. Related
studies have found that the occurrence of kidney stones is closely
related to lifestyle-related diseases such as obesity, hypertension,
dyslipidemia and hyperglycemia (22, 23). It has been reported in
the literature that 48.7% of kidney stone patients have metabolic
syndrome and the prevalence of kidney stones in patients with
metabolic syndrome is 7.5 to 8.8% (24, 25).

Diabetes mellitus is a common metabolic disease, and
some studies have found that there may be a common
pathophysiological mechanism between the formation of kidney
stones and the development of diabetes mellitus (26). The
interconnection between diabetes mellitus and kidney stones is
mainly due to the effect of insulin resistance on urinary pH
and and the transport of ammonia and calcium in the kidney,
which affects the production and transport of ammonium,
causing a decrease in urinary pH (27, 28). The decrease in
dissociation of uric acid in an acidic environment leads to
increased precipitation and the formation of stones. Domingos
et al. (13) found a higher prevalence of diabetes mellitus in
patients with kidney stones compared to normal population (OR
= 1.475, 95% CI, 1.283–1.696, p < 0.001) through questionnaire
analysis of 23,349 individuals. The prevalence of kidney stones in

diabetes patients was found to be 16.3% in this study, which is
much higher than the prevalence of kidney stones in the normal
population (9.3%) (4). This result is consistent with the findings
of Taylor et al. (12) who found that diabetes patients are more
likely to develop kidney stones than the general population.

Obesity and kidney stones obesity is a public health problem
in many countries. Recent studies have shown that 34.8 to 41%
of patients with kidney stones are also obese and that obesity is
associated with an increased prevalence and recurrence of kidney
stones (29, 30). Meanwhile, BMI is a common indicator used to
define obesity. It has been found that BMI is positively correlated
with calcium, oxalate, citrate, uric acid, sodium, potassium and
phosphate in the urine, and the pH of the urine decreases with
increasing BMI (31). Furthermore, even in patients with BMI
<30 kg/m2, the higher the BMI, the greater the chance of kidney
stones. Similar results were found in our study, where the risk
of kidney stones was 1.514 (95% CI, 1.134–2.022, p = 0.005) for
participants in the BMI ≥30.0 kg/m2 group compared to BMI
<25.0 kg/m2 group.

Expect for metabolic factors, lifestyle such as smoking, alcohol
consumption and physical activity have an important impact on
the prevalence of kidney stones. However, there are relatively
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few studies on the relationship between physical activity and
kidney stones, and the results are inconsistent (32). Three groups
of studies reported a statistically significant protective effect of
physical activity on kidney stones (19, 33, 34), and conversely,
three studies reported no effect of physical activity on the risk
of kidney stones (18, 29, 35). Sorensen et al. (29) found that
physical activity reduced the risk of stones in women by 16%-
31%. In addition, Zhuo et al. (35) found that duration of physical
activity was an independent risk factor for kidney stones (OR
= 0.840; 95% CI, 0.808–0.973) in a survey of 1,519 people in
Southern China.

To our knowledge, the present study is the first to explore
the association between physical activity, BMI, and diabetes
kidney stones. Combined with interaction analysis, we found an
interaction between physical activity and BMI on the occurrence
of kidney stones. The results of the interaction between BMI and
kidney stones indicated that the risk of kidney stones increased
with increasing BMI but decreased with participation in physical
activity. We also found that the proportion of <60 years,
college or above, BMI <30 kg/m2, no hypertension, and never
smoking was significantly higher in the physical activity group
than in the no physical activity group. In addition, participants
in the physical activity group had lower levels of blood urea
nitrogen, creatinine and higher levels of eGFR compared to
the no physical activity group. The above results suggest that
physical activity can bring beneficial physiological aspects. In
addition, some studies have found that physical activity can
reduce the incidence of diabetes, hypertension, and obesity,
whichmay explain why physical activity can reduce the incidence
of kidney stones (36–38).

Although we have found significant modifications of the effect
of physical activity on the effect of high BMI on participants with
diabetes kidney stones, the study still has some limitations. First,
this is a cross-sectional study and causality is difficult to verify.
In addition, the NHANES database is a retrospective study with
its inherent limitations. Finally, we did not provide the type of
kidney stones and physical activity may have different outcomes
for different stone types.

CONCLUSION

Our study found that high BMI was a risk factor for participants
with diabetes kidney stones and that physical activity moderated

this relationship to some extent, with physical activity leading
to beneficial physiological aspects. This result may provide new
insights into the impact of reducing BMI on kidney stones and
offer new approaches to kidney stone prevention.
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Objective: Physical inactivity and sensory integration dysfunction are public health

concerns among Chinese preschool children. The purpose of this study was to determine

the efficacy of a novel functional training program focused on motor development for

healthy children aged 5 to 6 years.

Methods: A total of 101 healthy children aged 5 to 6 years in Tianjin were randomly

assigned to the experimental group (N = 51), which received 12-week functional training

featuring essential motor skills, whilst the control group (N = 50) continued with their

kindergarten-based physical education curriculum. Test of Gross Motor Development-2,

national physical fitness measurement, and sensory integration were evaluated before

and after the intervention. Children’s height, body weight, and the corresponding

pre-intervention test scores were utilized as covariates to compare the post-intervention

outcomes between the groups.

Results: After the intervention, the experimental group scored considerably higher (P

< 0.01) on the locomotor composite score, object control composite score, and overall

gross motor score than the control group; the experimental group scored higher (P <

0.05) on the run, gallop, leap, stationary dribble, kick, striking a stationary ball, overhand

throw, and underhand roll motor skill tests than the control group; the experimental

group performed considerably better (P < 0.01) on the balance beam walking test

and sit-and-reach test than the control group; and, the experimental group performed

considerably better (P < 0.01) on the vestibular function, tactile defensiveness, and

proprioception than the control group.

Conclusion: A 12-week functional training focused on motor development effectively

enhanced gross motor, physical fitness, and sensory integration in 5–6-year-old healthy

Chinese children.
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INTRODUCTION

The health of preschool children is critical for healthy growth
throughout their lifespan (1). Numerous researches have
demonstrated that motor development is closely related to
individual health, cognitive ability, emotional wellbeing, and
social development, and is a necessary condition for young
children to thrive academically (2). Motor development can
be classified into a gross motor which involves primarily large
muscle groups in the trunk or limbs (e.g., running, jumping),
and a fine motor which involves mostly the wrists of the arms
or small muscle groups (e.g., drawing, using chopsticks). Gross
motor is necessary for the development of motor skills, physical
fitness, cognitive, perceptual, and emotional capabilities in early
childhood (3, 4). Gross motor is not measured in terms of speed
or distance traveled, but rather based on how coordinated and
smooth the movement is completed (5). Five to six-years of age
in children is a vital developmental stage for preschool children
about to join an elementary school, as well as the optimal age
for motor development (6). If children’s motor skills are fully
and evenly developed during this time, it could have a significant
impact on their subsequent learning of motor skills in school and
even as adults. Otherwise, motor development delay has been
shown to be a factor in the developmental delay in children (7).

Functional training originated in rehabilitation and aims to
restore the body’s fundamental functioning through targeted
motor activities on the affected limb. Functional training has
now evolved significantly, and its emphasis on the kinetic chain
exercise, balance training, and multi-joint functional movements
is congruent with fundamental principles of early childhood
motor skill development. Generally, researches have proven
that functional training (8) or motor development training (9)
has a beneficial influence on motor skills in disadvantaged
children. However, their combined effect on motor skills in
healthy, preschool children is missing in the literature. Given the
important role of motor development in early childhood, it is
critical to address this research gap.

By the time children reach the age of seven, they should have
acquired acceptable levels of competency in fundamental motor
skills, as they begin to participate in increasingly specialized
physical activities (10). This research integrated functional
training and motor development patterns in young children
to construct a novel 12-week functional training program
focused on motor development for preschool children. The
study aimed to establish an experimental basis for promoting
motor development, physical activity, and sensory integration in
early childhood.

METHODS

Participants
The research was approved by the Ethics Committee of Tianjin
University of Sport and the protocol adhered strictly to the
Declaration of Helsinki. Criteria for inclusion include guardians’
informed consent and, children were able to collaborate and
engage throughout the intervention. Criteria for exclusion
include: children without full participation in the intervention,

including one missing visit; children who did not participate
completely in the pre- and post-intervention assessments of gross
motor, physical fitness, and sensory integration; children enrolled
in after-school sports or physical fitness classes during the
duration of the study; or, children with physical developmental
disorders or a history of congenital diseases. A total of 101 eligible
children aged 5 to 6 years in Tianjin were randomly assigned
to the control and experimental groups. Table 1 summarizes the
demographic characteristics of the participants.

Experimental Design
This research was conducted between October and December of
2021. In October and November, the control and experimental
groups were primarily engaged in outdoor activities. Due to
the cold winter weather in Tianjin, both groups were primarily
engaged in indoor activities in December. Outcome tests were
administered 1 week before to the first intervention session and 1
day following the last session.

The control group followed a kindergarten-based physical
education curriculum, with each lesson lasting 40–50min
and focusing on group games, gymnastics, and free play as
the primary modes of movement. Table 2 summarizes the
three primary components of the kindergarten self-designed
curriculum, which include rhythmic exercise, games, and free
activities for children. In brief, the curriculum covers a limited
number of motor skills, the movements are simple, and there
is no discernible division of difficulty levels. This curriculum
is designed to promote children’s interest in physical education
and fulfill the Ministry of Education’s requirement for physical
activity. The control group received the lesson once a week
during weeks 1–8 and twice a week during weeks 9–12.

The experimental group participated in a functional training
program meant to promote motor development. In constructing
the functional training program, existing guidelines (11)
and published protocol (5) were reviewed, as well as the
developmental characteristics (12), cognitive qualities (13),
Chinese-specific movement patterns of 5–6-year-old children
(14). The protocol and components of the functional training
program were refined by consulting with experts and teachers
in preschool education. The intervention period was replaced
by the same time as the kindergarten-based physical education
curriculum, and each training session lasted 40–50min. Table 3
summarizes the main activities in the functional training
program. The program is centered on motor skills and is
tailored to the child’s cognitive and emotional needs, with mini-
games such as tennis, football (soccer), and basketball used to
interest young children in training. Each training session begins
with a preparation phase, including warm-up, neuromuscular
activation, dynamic stretching, and core muscle activation.
The main training phase has consisted of two modules. This
first module is devoted to motor skill development, with an
emphasis on walking, jumping, crawling, throwing, pushing, and
catching. The second module focuses on physical fitness, with
an emphasis on balance, agility, and endurance. Each training
session concludes with a phase of motor skill consolidation and
static stretching. The experimental group received a 1–4 week
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TABLE 1 | Children’s demographic characteristics.

Control group Experimental group

Male

(n = 26)

Female

(n = 24)

Overall

(N = 50)

Male

(n = 25)

Female

(n = 26)

Overall

(N = 51)

Height (cm) 115.7 ± 4.2 114.4 ± 4.3 115.1 ± 4.2 113.6 ± 3.0 114.9 ± 4.4 114.2 ± 3.8

Body weight (kg) 20.6 ± 4.0 20.0 ± 2.6 20.3 ± 3.4 19.2 ± 2.2 20.1 ± 2.9 19.7 ± 2.6

Data are expressed as mean ± standard deviation.

TABLE 2 | Description of the kindergarten-based physical education curriculum.

Curriculum contents Duration Activities

Warm-up 3–5min Jogging, rotational movement

Rhythmic exercise 5–10min Standing rhythmic exercise, or stationary drill

Games 7–10min Slapping ball, relay race, single leg jump, cart pushing run

Free play 10–15min Unstructured free activities, playground slides

Relaxation 3–5min Body shaking exercise

Stretching 1–3min Low-impact upper and lower body stretching

TABLE 3 | Description of the functional training program.

Exercise modules Duration Themes Activities

Warm-up phase

Warm-up 1–3min Train on the move Children stand in a line while moving forward together

Plane takeoff Lateral raise of both arms and jog forward

Neuromuscular activation 1–3min High knees Lift one knee to the chest and then the other

Dynamic stretching 1–3min Stretch in motion Walk lunge step, bring leg up high to chest on each step

Core muscle activation 1–3min Tunnel pass Crawl through a play tunnel

Flutter kicks Alternately raise and lower legs from floor

Main training phase

Motor skill development 10–15min Walk Obstacle curved walk, reactive direction, squat walk etc.

Physical fitness 7–10min Run Chasing and fleeing run, reactive speed, join hands run etc.

Jump Multi-directional jump, jumping rope, straddle jump, etc.

Mini-ball games Kick, throw, catch, slap, dribble, tap, small-sided games

Coordination Skip with a hula hoop, over and under relay, group hug etc.

Cool-down phase

Motor skill consolidation 1–3min Whac-A-Mole Children are told what color the barrel is, and they touch it

Pass the parcel Pass around a ball while music is playing

Static stretching 1–3min Animal imitation Practice various static postures

period for basic skill acquisition with one training per week, a 5–
8 week period for basic skill consolidation with one training per
week, and a 9–12 week period for skill strengthening with two
training per week.

During the intervention period, both groups received similar
types and frequencies of general education in kindergarten,
including music and arts curriculum.

Instrument
Gross motor was assessed using the Chinese children’s validated
Test of Gross Motor Development-2 (TGMD-2) (15). TGMD-
2 is composed of locomotor and object control domains. Each

domain contains six skill tests, for a total of 12 fundamental
movement skills. Each skill comprises 3–5 scoring criteria:
performed the standard or not performed the standard, which
are assigned one or zero points. Two domains’ scores are added
together to provide a composite score for each domain. After that,
the scores for two domains can be added together to obtain an
overall gross motor score.

Between 9:00 and 10:30 a.m., the same group of testers
administered the physical fitness test in the kindergarten gym
and playground, according to the test criteria outlined in
the National Physical Fitness Measurement Standards Manual
(Preschool Children Version) (16). The test battery gauges
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TABLE 4 | Results of gross motor.

Domain Test battery Control group (N = 50) Experimental group (N = 51)

Pre-intervention Post-intervention Pre-intervention Post-intervention

Locomotor Run 6.86 ± 1.01 6.74 ± 1.07 6.76 ± 0.99 7.16 ± 0.97‡¶

Horizontal jump 6.72 ± 1.21 6.74 ± 1.01 6.49 ± 0.76 7.06 ± 0.79§

Hop 8.30 ± 1.06 8.56 ± 0.99 8.18 ± 0.74 8.75 ± 0.87§

Gallop 3.58 ± 0.91 3.96 ± 0.88‡ 3.71 ± 0.83 5.29 ± 0.97§||

Leap 6.16 ± 0.77 6.44 ± 0.97 6.06 ± 0.88 6.96 ± 0.87§||

Slide 7.16 ± 0.84 7.42 ± 0.95 7.08 ± 0.87 7.57 ± 1.29‡

Locomotor composite score 38.78 ± 2.31 39.86 ± 2.39‡ 38.27 ± 2.69 42.78 ± 2.11§||

Object control Stationary dribble 5.20 ± 1.11 5.62 ± 0.89‡ 5.04 ± 0.98 6.14 ± 0.75§¶

Kick 7.00 ± 0.78 6.08 ± 0.83§ 6.51 ± 0.88
†

6.86 ± 0.72‡||

Catch 4.98 ± 0.65 5.00 ± 0.81 4.69 ± 0.86 5.31 ± 0.88§

Striking a stationary ball 5.04 ± 1.41 5.12 ± 0.82 5.41 ± 0.90 6.98 ± 1.03§||

Overhand throw 5.44 ± 0.97 5.02 ± 0.71‡ 5.20 ± 1.02 6.22 ± 0.92§||

Underhand roll 5.40 ± 0.95 5.12 ± 0.82 5.35 ± 0.96 6.22 ± 0.76§||

Object control composite score 33.06 ± 2.67 31.96 ± 1.96‡ 32.20 ± 2.09 37.73 ± 2.32§||

Overall gross motor score 71.84 ± 3.33 71.82 ± 3.59 70.47 ± 3.09* 80.51 ± 3.35§||

Data are expressed as mean ± standard deviation. Before the intervention, control group vs. experimental group: * P < 0.05,
†
P < 0.01; within the control/experimental group,

pre-intervention vs. post-intervention: ‡ P < 0.05, § P < 0.01; after the intervention, control group vs. experimental group: ¶ P < 0.05, || P < 0.01.

TABLE 5 | Results of physical fitness.

Test battery Control group (N = 50) Experimental group (N = 51)

Pre-intervention Post-intervention Pre-intervention Post-intervention

Standing long jump test (cm) 100.84 ± 14.27 101.64 ± 11.30 99.78 ± 8.24 103.43 ± 12.01‡

Balance beam walking test (s) 9.61 ± 1.55 9.68 ± 1.10 10.00 ± 1.74 8.98 ± 0.87§||

Tennis throwing test (m) 4.36 ± 1.56 4.76 ± 1.76 4.05 ± 1.24 4.85 ± 1.40§

Sit-and-reach test (cm) 3.36 ± 5.64 4.32 ± 6.29 4.84 ± 6.04 7.57 ± 5.49‡||

10-m shuttle run test (s) 8.54 ± 1.10 7.91 ± 1.06§ 8.63 ± 0.93 7.89 ± 0.68§

Double-leg timed hop test (s) 6.67 ± 1.65 6.12 ± 1.07 7.11 ± 1.40 5.80 ± 0.66§

Data are expressed as mean ± standard deviation. Within the control/experimental group, pre-intervention vs. post-intervention: ‡ P < 0.05, § P < 0.01; after the intervention, control

group vs. experimental group: || P < 0.01.

TABLE 6 | Results of sensory integration.

Domain Control group (N = 50) Experimental group (N = 51)

Pre-intervention Post-intervention Pre-intervention Post-intervention

Vestibular function 57.26 ± 8.05 58.06 ± 7.19 59.00 ± 5.95 62.92 ± 3.37§||

Tactile defensiveness 94.60 ± 9.44 94.76 ± 9.66 94.63 ± 10.03 99.40 ± 5.69§||

Proprioception 55.10 ± 5.32 54.80 ± 5.19 56.20 ± 4.00 57.35 ± 3.46||

Learning ability 36.52 ± 4.67 36.40 ± 4.31 34.80 ± 6.12 37.73 ± 2.61§

Data are expressed as mean ± standard deviation. Within the control/experimental group, pre-intervention vs. post-intervention: § P < 0.01; after the intervention, control group vs.

experimental group: || P < 0.01.

different components of fitness, including the standing long jump
test, balance beam walking test, tennis throwing test, sit-and-
reach test, 10-m shuttle run test, and double-leg timed hop test. A
detailed measurement procedure can be found in an independent
evaluation of the test (17).

Sensory integration was evaluated using the Child Sensory
Integration Scale (18), which was established based on American
psychiatrist Jean Ayres’s classic sensory integration theory and
has been validated in Chinese children aged 3 through 11 years
(19). The sensory integration test requires parental cooperation,
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and due to the very subjective nature of parental self-assessment,
the same rehabilitation therapist must help parents in completing
an online questionnaire before and after the intervention to
guarantee the scale is objectively consistent. The scale consists of
the following five domains: vestibular function (14 items), which
evaluates gross motor; tactile defensiveness (21 items), which
evaluates emotional stability and a tendency to over-defend;
proprioception (12 items), which evaluates body’s proprioception
and balance coordination; learning ability (8 items), which
evaluates learning deficits due to poor sensory integration; and,
issues particular to children beyond the age of 10 (8 items),
which was not assessed in the present study population. Each
of the 50 items was scored using a five-point Likert scale as
follows: 5= never (the child never responds in this manner when
presented with the opportunity); 4 = seldom (the child responds
occasionally in this manner); 3= occasionally (the child responds
sometimes); 2= frequently; 1= always (the child responds in the
manner noted whenever presented with the opportunity). Total
scores for each domain were theoretically between 8 and 105,
with higher scores indicating better performance.

Statistics
The IBM SPSS Statistics 24.0 was used for the statistical analysis.
A Shapiro-Wilk test was used to confirm data normality. First, a
t-test was used to evaluate whether there were pre-intervention
test differences between the groups. Second, a t-test was used to
evaluate the training effect within the groups. Third, an analysis
of covariance was used to evaluate the training effect between the
groups, using the height (except for sensory integration), body
weight (except for sensory integration), and corresponding pre-
intervention test scores as continuous covariates. Results for the
sit-and-reach test were compared using the paired Wilcoxon test
within groups, and the Mann-Whitney U test between groups. P
< 0.05 was considered statistically significant.

RESULTS

Table 4 summarizes the gross motor test results. Before the
intervention, the control group scored considerably higher (P <

0.01) on the kick test than the experimental group. There were no
significant differences (P > 0.05) in any of the other gross motor
tests between the groups before the intervention.

Within the control group, the post-intervention locomotor
composite score was higher (P < 0.05), with a higher (P < 0.05)
gallop test score and no significant changes (P > 0.05) in the
scores of the other five locomotor tests; the post-intervention
object control composite score was lower (P < 0.05), with a lower
(P < 0.05) striking a stationary ball test score, lower (P < 0.05)
overhand throw test score, and considerably lower (P< 0.01) kick
test score; and, there was no change (P> 0.05) in the overall gross
motor score.

Within the experimental group, the post-intervention
locomotor composite score, object control composite score, and
overall gross motor score were all considerably higher (P <

0.01); and, all post-intervention locomotor and object control
test scores were higher (P < 0.05).

After the intervention, the experimental group scored
considerably higher (P < 0.01) on the locomotor composite
score, object control composite score, and overall gross motor
score than the control group; the experimental group scored
higher (P < 0.05) on the run and stationary dribble tests
than the control group; and, the experimental group scored
considerably higher (P < 0.01) on the gallop, leap, kick, striking
a stationary ball, overhand throw, and underhand roll tests than
the control group.

Table 5 summarizes the physical fitness test results. Before the
intervention, there were no significant differences (P > 0.05) in
any of the physical fitness tests between the groups.

Within the control group, the post-intervention 10-m shuttle
run test was considerably better (P < 0.01). Within the
experimental group, the post-intervention standing long jump
test and sit-and-reach test were better (P < 0.05), and the
post-intervention balance beam walking test, tennis throwing
test, 10-m shuttle run test, and double-leg timed hop test were
considerably better (P < 0.01).

After the intervention, the experimental group performed
considerably better (P < 0.01) on the balance beam walking test
and sit-and-reach test than the control group.

Table 6 summarizes the sensory integration test results. Before
the intervention, there were no significant differences (P > 0.05)
in any of the sensory integration domains between the groups.

Within the control group, there was no change (P > 0.05)
in the sensory integration. Within the experimental group, the
post-intervention vestibular function, tactile defensiveness, and
learning ability were considerably improved (P < 0.01).

After the intervention, the experimental group performed
considerably better (P < 0.01) on the vestibular function, tactile
defensiveness, and proprioception than the control group.

DISCUSSION

Motor development is the process through which individuals
go from unstructured, untrained movements to regular,
complicated, and deliberate movements (20). At the age of five,
the fundamental motor skills gradually improve, and various
motor skills gradually develop at the age of six (21). Given
that gross motor activities are fundamental motor skills that
are developed during the early stages of children’s growth,
the development of gross motor skills can be prioritized. In
this study, kindergarten-based physical education curriculum
can only improve certain crucial gross motor and physical
fitness characteristics, while having minimal effect on sensory
integration. Following a 12-week functional training program
focused onmotor development, healthy children aged 5 to 6 years
performed better in terms of gross motor, physical fitness, and
sensory integration. The implication is clear that kindergartens
and communities should consider physical education programs
with scientific rigor, such as this functional training program, in
order for preschool children to develop important motor skills
in a timely and sufficient manner, which could have significant
effects on their physical and cognitive development.
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The kindergarten-based physical education curriculum
improved children’s locomotor skills but not their object control
skills, and the effect on children’s gross motor development is
not significant. The control group performed significantly better
on the pre-intervention kick test than the experimental group.
The reason for this could be that the kindergarten-based physical
education curriculum had already begun teaching some children
football classes. Consequently, some children in both the control
and experimental groups were exposed to the kicking motion,
resulting in disparities in their gross motor test scores before the
intervention. In terms of the higher locomotor composite score,
the regular parent-child sporting games held in the kindergarten
establish a hurdle race, which is similar to the gallop test in the
TGMD-2. As a result, the kindergarten-based physical education
curriculum repeatedly consolidates the gallop movement skill
while preparing for the sporting games and practicing hurdles,
which has a beneficial effect on children’s locomotor skills.

The functional training program integrates fundamental
movement and balance skills and motor coordination activities
for gross motor development. After the 12-week intervention,
the locomotor composite score, object control composite score,
and overall gross motor score were all higher in the experimental
group, demonstrating that the functional training program
focused on motor development can help preschool children’s
gross motor development. Meanwhile, the functional training
program incorporates group-based ball games into the workout.
Ball activities are very interactive and can not only pique
young children’s interest, but also improve their observation,
judgment, and agility (22). Additionally, Wang et al. (14) has
revealed that the rate at which children develop motor skills
is related to the frequency with which they play with peers in
Chinese preschool children aged 3 to 6 years. Epidemiological
researches have generally found a suboptimal level of physical
activity in Chinese preschool children aged 3 to 6 years (23, 24).
Given the association between physical activity and motor skills,
it is not unexpected that Chinese preschool children without
adequate physical activity have suboptimal motor development.
After adjusting for covariates, Rao et al. (25) discovered that
the motor skill development scores of 4-year-old children
were significantly lower in 2017 than in 2013. Our findings
should be insightful for researchers and practitioners when
designing motor development programs for preschool children
in kindergartens or communities.

Early childhood is a vital period for physical fitness
development. Adequate exercise can aid in the normal
development of children’s various organs, and physical fitness
is a critical indicator of children’s health (26). If young children
lack physical activity and health-related fitness, they may be
more susceptible to chronic diseases such as type 2 diabetes (27)
and hypertension (28). Thus, regular physical activity is critical
to developing motor skills in early childhood and promoting
health throughout their life cycle (29). Meanwhile, motor
skill development is a significant predictor of greater levels of
health-related physical fitness and physical activity behaviors in
preschool children, as well as improved health outcomes (30).
It has been demonstrated that the development of 3–6-year-old
children’s motor skills is positively correlated with their physical

health (31). Longitudinal studies also have demonstrated that
children’s ability to acquire motor skills continues to influence
their development of physical fitness and health (32). This
study provided evidence that the kindergarten-based physical
education curriculum can only help children improve their speed
quality, implying that the curriculum cannot address all facets of
children’s physical fitness. This paucity of high-quality physical
activity in Chinese kindergartens is consistent with previous
research. For example, Hu et al. (12) evaluated the quality
of outdoor play in 91 Chinese kindergartens. They reported
insufficient opportunities for outdoor play and a lack of physical
activity among children aged 3 to 6 years. In comparison, the
functional training program focused on motor development
increased all physical characteristics of preschool children,
with more noticeable outcomes in balance and flexibility. The
functional training program is composed of supervised motor
skill activities that can help children improve their sensitivity
to external stimuli, develop new conditioned reflexes, and
thus foster the development of their body’s flexibility and
coordination. Recent epidemiological studies on the incidence
of developmental coordination disorder in Chinese children
found that the overall incidence was 3.4%, and suspected cases
were 5.4%, among 3–5-year-old children (33); and the overall
incidence was 5.5%, and suspected cases were 10.4%, among
3–10-year-old children (34). This functional training program
is particularly relevant to contemporary Chinese society for the
healthy development of early childhood.

Sensory integration is critical for children’s capacity to learn
and social development across their lifespan (35). Children
with sensory integration dysfunction are more vulnerable to
external influences during movement, exhibiting intense mood
swings, decreased self-control, a difficulty to maintain bodily
balance, and, in severe cases, aggression. It is a significant
public health problem worldwide, with a prevalence of sensory
integration dysfunction ranging from 36.94% (36) to 55.8% (37)
in Chinese preschool children aged 3 to 6 years. In this study,
the functional training program focused on motor development
was more effective at improving children’s sensory integration
than kindergarten-based physical education curriculum. This
outcome is consistent with the literature. In Chinese children
aged 3 to 6 years, it has been validated that TGMD-2 had
a highly significant positive correlation with children’s static
balance, dynamic balance, and proprioception (38). On the one
hand, the greater the risk of sensory integration dysfunction,
the more difficult it is to acquire motor skills (39); on the other
hand, the locomotor and object control of gross motor skills
are correlated with vestibular function and proprioception in
sensory integration (40). Functional training is structured around
better neuromuscular responses, such as 2-foot hop, which
aids children’s spatial orientation, improve their balance, and
stimulate their vestibular and proprioceptive senses. The present
results suggest that a 12-week functional training can improve
children’s general sensory development, and that establishing a
motor development-focused program could be a successful early
life educational intervention strategy.

Notably, the functional training program enhanced the
learning ability within the experimental group. Motor
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development is favorably associated with young children’s
learning ability. A regression analysis of 4–5-year-old children in
the Northeast of England discovered that motor skill acquisition
improved the number of children who are prepared to enter
elementary school and that promoting gross and fine motor
skills may increase the number of children who meet entry
requirements and are more likely to achieve better educational
outcomes (41). This observation was similarly validated among
Chinese preschool children. Recently, Chou et al. (42) showed
that 4–5-year-old children enrolling in kindergartens with better
physical fitness programs had better executive function, which
was associated with better academic skills. Furthermore, children
with better motor skills had greater executive functions and
obtained more academic skills in kindergartens (42). Thus,
not only does the functional training program help preschool
children’s physical fitness, but it may also have a beneficial effect
on their long-term learning ability.

This study has two limitations. First, there are six
recommended self-reported levels of exercise intensity for
Chinese preschool children aged 5 to 6 years, corresponding
to an average heart rate of <120, 120, 120–140, 140, 140–160,
and >160 beats·min−1 (43). Tan et al. (44) suggested that
the target heart rate for physical activity in Chinese children
aged 3 to 6 years should range between 126.3 and 165.8
beats·min−1. As a result, this study designed the functional
training program maintaining a target heart rate of 120–160
beats·min−1. During the pilot test, both the kindergarten-based
physical education curriculum and the functional training
program fell within this target heart rate, and there were no
statistically significant differences between the two exercise
intensities. Due to the impossibility of concurrently recording
all heart rate responses in the research context, we cannot rule
out the possibility that the exercise intensity throughout the
intervention period was different at certain periods. Second,
this study examined the effect of a functional training program
on 5–6-year-old healthy children, restricting the capacity to
generalize these findings to other age groups or children with
physical developmental disorders.

In conclusion, a 12-week functional training program focused
on motor development improved gross motor, physical fitness,
and sensory integrity in healthy Chinese preschool children.
This study provided evidence that functional training can be
used to accelerate motor development in this age group and
has resulted in considerable advancements in a healthy Chinese
population. Based on these findings, we recommend expanding
this novel functional training program to kindergartens, schools,
and communities in order to promote the healthy development
of preschool children.
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Objectives: Participation in mass sports is one of the most e�cient strategies

for people to attain physical and mental health in China. Prosocial behavior

has a positive e�ect on social development. This study developed a conceptual

model withmass sports activity as the independent variable, prosocial behavior

as the dependent variable, and flow trait and subjective wellbeing as the

mediating variables.

Methods: Participants (N = 351) completed an online survey. Mass sports

activity, flow trait, subjective wellbeing, and prosocial behavior were measured

using the physical activity rank scale-3 (PARS-3), short dispositional flow

scale (SDFS), index of wellbeing (IWB), and prosocial tendencies measure

(PTM), respectively. Descriptive statistics compared di�erences between sports

population (PARS-3, ≥ 36) and non-sports population (PARS-3, < 36).

Mediation e�ect was analyzed using the PROCESS (Template, Model 6).

Results: Sports population scored significantly higher (all P ≤ 0.05) on

SDFS, IWB, and PTM than non-sports population. Participation in mass sports

stimulated flow trait and thus improved prosocial behavior, with a mediation

e�ect value of 0.061 (95% CI, 0.028–0.104), which accounted for 30.18% of

the total e�ect. Participation inmass sports enhanced subjective wellbeing and

thus improved prosocial behavior, with a mediation e�ect value of 0.044 (95%

CI, 0.007–0.090), which accounted for 21.96% of the total e�ect. Flow trait and

subjective wellbeing mediated the relationship between mass sports activity

and prosocial behavior in a sequential manner, with a mediation e�ect value of

0.059 (95% CI, 0.035–0.090), which accounted for 29.23% of the total e�ect.

Conclusion: The preliminary results of the mediation model validated

the hypothesized sequential links between mass sports activity, flow trait,

subjective wellbeing, and prosocial behavior. Greater participation in mass

sports increases the likelihood of prosocial behavior.
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Introduction

Prosocial behavior is a crucial aspect of an individual’s

socialization and refers to any behavior that matches social

norms and is beneficial to individuals, groups, or society (1).

Prosocial behavior typically demonstrates admirable attributes

such as modesty, assisting, cooperation, and sharing in

interpersonal interactions (2), which is a positive habit that

society promotes for development. Social learning theory

argues that individuals can develop prosocial behavior through

witnessing the behaviors and outcomes of others during physical

activity, learning, and reinforcing the behavioral outcomes

(3). Individuals establish good interpersonal relationships with

their peers through learning the rules of sports and imitating

the role of sports (4). In physical activity, individuals also

learn to deal with the relationship between competition and

cooperation in a harmoniousmanner, and they acquire prosocial

qualities such as humility, respect, solidarity, and helping

others (5). Personal behavior, according to the theory of group

dynamics, is the outcome of the interaction between the intrinsic

demands of the individual and the external forces of the

environment (6). On the basis of this notion, empirical studies

have showed that physical activity facilitates the development

of prosocial behavior in adolescents (7) and adults (8). For

example, Moeijes and colleagues investigated longitudinal

relationships between 10 and 12-year-olds’ sports participation

and prosocial behavior (9). Membership in a sports club and

moderate or frequent sports participation were found to be

longitudinally correlated with improved prosocial behavior.

Although previous research have demonstrated the positive

relationship between small group-based exercise, competitive

sports, and prosocial behavior, the effect and its underlying

mechanisms by which leisure physical activity influences

prosocial behavior remain unexplained.

The concept of fitness for all has been integral to the

development of the People’s Republic of China since its

inception. In 2016, the Central Committee of the Chinese

Communist Party and the State Council issued the Outline of

the “Healthy China 2030” Plan (10), which further encourages

the Chinese public to participate actively in sports and scientific

fitness. Mass sports activity is a type of popular sports activity

(e.g., walking, Tai Chi, badminton, and marathon) that strives

to increase physical fitness, health, leisure activities, and social

feelings for all members of Chinese society (11). Zhu and

Han researched the effects of different sports participation on

prosocial behavior and showed that leisure sports participants

scored higher than competitive sports participants on measures

of prosocial behavior (12). Specifically, leadership, social

facilitation, and group cohesion were found as three specific

prosocial traits where leisure sports participants outperformed

competitive sports participants. In light of this study, mass

sports activity may not only be useful for promoting population

physical health, but also for fostering social solidarity, which is

absent from the current research context in China.

Flow theory is a field of research within positive psychology.

Flow is the best condition of experience in which an individual

is concentrating deeply on an activity, completely immersed,

totally engaged, highly enjoyable, and experiencing favorable

feelings during the action (13). State and trait of flow are distinct

components of flow experience (14). Flow trait reflects the

frequency with which individuals experience flow throughout

an event, whereas flow state captures the sensation of flow

during an event. Flow in sports and its applications to prosocial

behavior are a relatively young area of research. A few studies

on elite athletes suggest that physical activity may positively

influence the flow experience (15, 16). Li and Zhang (17) found

that easy-to-learn tennis instruction can motivate novices to

learn and increase the likelihood of students experiencing the

state of flow. Therefore, simple and popular mass sports activity

may be beneficial at attracting the interest of individuals and

stimulating their flow experience. Meanwhile, flow experience

has been recommended to be more conducive to promoting

prosocial behavior (18). Traditionally, research on flow in the

context of sports has focused on its effects on the performance

outcomes of elite athletes, whereas its social psychological

benefits associated with leisure physical activity have received

less attention. There is a need for rigorous study to determine

whether the flow experience induced by mass sports activity

could be a precursor to prosocial behavior.

Subjective wellbeing is a holistic evaluation of an individual’s

quality of life and is a comprehensive psychological indicator

of personal and social quality (19). In healthy persons, there is

a beneficial correlation between physical activity and subjective

wellbeing (20). Chatzisarantis and Hagger found that leisure

sports participants experienced greater psychological wellbeing

than competitive sports participants (21). In recent years, the

central and municipal governments of China have increased

expenditure on sports infrastructure in an effort to foster mass

sports activity (22). As a result, the nationwide urban fitness

trails has expanded from 823,500 in 2019 (23) to 929,300 in 2021

(24). The provision of urban sports facilities at the grassroots

level could promote not only leisure sports activity and physical

health (25), but also social engagement (26). A case study

conducted in Zhuhai City, China showed that community sports

parks have a positive influence on the subjective wellbeing of

community members (27). Participation in mass sports could

therefore improve mental health in contemporary Chinese

society. Meanwhile, subjective wellbeing reinforces prosocial

behavior (28). The relationship between subjective wellbeing and

prosocial behavior among Chinese population has been proven

to be both positive and bidirectional (29, 30). Despite this,

the influence of leisure physical activity on positive psychology

is an understudied topic. Particularly in light of the growing

acknowledgment of antisocial behavior as a serious public health

concern, positive psychology-based research on mass sports

activity is warranted.

Therefore, this study analyzed the mechanism underlying

the influence of mass sports activity on prosocial behavior

Frontiers in PublicHealth 02 frontiersin.org

27

https://doi.org/10.3389/fpubh.2022.960870
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Duan et al. 10.3389/fpubh.2022.960870

and developed a theoretical foundation for increasing mental

health through physical health. It was hypothesized that mass

sports activity has a positive direct relationship with prosocial

behavior, and that flow trait and subjective wellbeingmediate the

relationship betweenmass sports activity and prosocial behavior.

The multiple mediator model covers parallel mediator model

and serial mediator model. In a parallel mediation model, the

mediating variables have no effect on one another. The serial

mediation model indicates that the mediating variables exert

mutually influential effects. Wu et al. (31) suggested that the

greater the degree of flow experience, the greater the likelihood

that it can induce subjective wellbeing, and that the two are

linked. Further, it was theorized that the flow experience induced

by mass sports activity could enhance the subjective wellbeing

of individuals, hence sequentially mediating and encouraging

prosocial behavior.

Methods

Participants

The research was approved by the Ethics Committee of

Hunan Normal University. All study participants or their legal

guardians, if they were younger than 18 years old, provided

informed consent (signed online during the survey). Using

G∗Power (version 3.1), the multiple linear regression R2 one-

sample procedure was chosen to predict the sample size with

significance level of 0.05 and a statistical test power of 0.95. The

priori analysis estimated a sample size of at least 107 to detect

a predictive effect of mass sports activity and prosocial behavior

(f 2 = 0.15). Data were collected using an online survey platform

(Credamo, China) between March and May 2021. Credamo

delivered surveys at random to personnel in all regions of China,

and 367 surveys were collected in total. Excluding 16 surveys

whose testing questions were unsatisfactory or too brief, a total

of 351 valid surveys were retrieved, yielding an effective response

rate of 95.64%. A total of 172 males and 179 females participated

in this survey. There were 20 participants under the age of 18,

231 participants between the ages of 19 and 30, 95 participants

between the ages of 31 and 45, three participants between the

ages of 46 and 59, and two participants over the age of 60. This

sample includes 102 students, 244 full-time workers, and five

individuals who were unemployed or retired.

Instruments

Respondents’ participation in mass sports over the last

month was measured using the physical activity rank scale-3

(PARS-3) (32). PARS-3 ranked the intensity of physical activity

(“What level of physical exertion do you engage in?” score range:

1–5 points), duration of physical activity (“How many minutes

at a time do you engage in the physical activity described above?”

score range: 1–5 points), and frequency of physical activity

(“How frequently do you participate in the aforementioned

physical activities?” score range: 0–4 points). The total score

(PARS-3 = intensity × time × frequency) ranges from 0 to

100. China’s National Fitness Program (33) defines the sports

population as individuals who exercise moderately at least three

times per week for at least 30min per session. In this study,

individuals with scores of 36 or more were considered part

of the sports population, while those with scores of <36 were

considered part of the non-sports population. The questionnaire

has proven good test-retest reliability (r = 0.82) (32) and has

been widely utilized in China to assess physical activity.

Flow trait was measured using the short dispositional

flow scale (SDFS; 5-point Likert scale: 1, never experienced

a flow; 5, always experienced a flow) (34). SDFS measured

nine dimensions of flow: challenge—skill balance, merging

of action and awareness, clear goals, unambiguous feedback,

concentration on the task at hand, sense of control, loss of self-

consciousness, transformation of time, and autotelic experience.

All dimensions were added together to determine the total score.

Higher scores indicate an individual’s perception of flow trait

in physical activity. Cronbach alpha of this study population

was 0.76.

Subjective wellbeing was measured using the index of

wellbeing (IWB; 7-point Likert scale: 1, strongly unsatisfied; 7,

strongly satisfied) (35). IWB is comprised of index of general

affect (containing of eight items with a score weight of 1) and

index of life satisfaction (containing of one item with a score

weight of 1.1). The total score (IWB = mean of eight items

in the index of general affect × 1 + one item in the index of

life satisfaction × 1.1) ranges from 2.1 to 14.7. The higher the

score, the happier the respondent. Cronbach alpha of this study

population was 0.92.

Prosocial behavior was measured using the prosocial

tendencies measure (PTM; 5-point Likert scale: 1, does not

describe me at all; 5, describes me greatly) (36). PTM consists of

a total of 23 items, which are categorized into six dimensions:

altruism, dire, compliant, emotional, public, and anonymous.

All dimensions were added together to determine the total score.

Higher scores imply that the respondent’s prosocial tendencies

are more evident. Cronbach alpha of this study population

was 0.86.

Statistics

Data were analyzed using the IBM SPSS Statistics (version

25.0) and Hayes’ PROCESS (version 4.1). Statistical significant

level was set at P < 0.05. First, a two-tailed Welch’s t-test was

conducted to determine if the sports and non-sports populations

differed significantly in the PARS-3, SDFS, IWB, and PTM.

Then, the correlations between mass sports activity, flow trait,
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TABLE 1 Means ± standard deviations of variables.

Sports population Sex

No (n= 287) Yes (n= 64) P Female (n= 179) Male (n= 172) P

Physical activity rank scale-3 15.72± 8.45 41.61± 9.38 <0.001 18.66± 12.47 22.30± 13.72 0.01

Short dispositional flow scale 3.88± 0.48 4.09± 0.45 0.001 3.83± 0.51 4.01± 0.44 0.001

Index of wellbeing 11.69± 2.00 12.13± 1.54 0.05 11.40± 2.12 12.15± 1.62 <0.001

Prosocial tendencies measure 83.63± 10.84 87.94± 10.50 0.004 83.08± 10.65 85.81± 11.00 0.019

subjective wellbeing, and prosocial behavior were computed,

and a linear regression was used to determine if mass sports

activity had a significant influence on prosocial behavior. Finally,

the PROCESS (Template, Model 6) was utilized to examine

whether trait flow and subjective wellbeing served as sequential

mediators between mass sports activity and prosocial behavior.

The study utilized a bias-corrected non-parametric percentile

bootstrap method appropriate for testing the significance level

of the mediation effect, with 5,000 random resampling from

the total sample size (N = 351), and the mediation effect

was significant if the 95% confidence interval did not cross

zero (37).

Results

Common method bias

Survey research often introduces data bias due to the

characteristics of the survey items or the consistency of

the data sources. In order to increase the truthfulness

of the survey, it was constructed with lie detector and

individuals were instructed to complete it anonymously.

The Credamo was used to collect surveys nationwide in

order to avoid consistency in questionnaire origin. Harman’s

single-factor test was employed to confirm the common

method bias. The unrotated factor analysis examined a

total of 10 common factors with eigenvalues were >1, the

first of which explained 24.81% of the variance, which is

below the critical threshold of 40%. This suggests that the

common method bias did not cause significant issue in

this study.

Descriptive statistics

Table 1 shows the descriptive statistics of variables. The

SDFS, IWB, and PTM scores of sports population were

significantly higher than those of non-sports population. On the

PARS-3, male scored significantly higher than female. Likewise,

male’s SDFS, IWB, and PTM scores were significantly higher

than female’s. These findings indicate that participation in mass

sports could effectively influence the extent to which trait

TABLE 2 Matrix of Pearson correlation coe�cient for variables.

1 2 3 4

Mass sports activity 1

Flow trait 0.339*** 1

Subjective wellbeing 0.307*** 0.560*** 1

Prosocial behavior 0.243*** 0.460*** 0.542*** 1

***Denotes P < 0.001.

flow, subjective wellbeing, and prosocial behavior tendencies

are experienced.

Correlation analysis

Table 2 summarizes correlations among factors. The

correlation analysis between the variables revealed significant

positive relationships between mass sports activity, trait

flow, subjective wellbeing, and prosocial behavior (all P <

0.001). The regression coefficients between the variables were

determined using a linear regression model, and the results

are presented in Table 3. The variance inflation factor values

of all predictor variables in this study are below five, hence

there is no multicollinearity issue (38). The result of simple

linear regression supports hypothesis one, demonstrating that

mass sport activity significantly predicted prosocial behavior,

β = 0.243, t(349) = 4.687, P < 0.001.

Two-mediator sequential model

Table 4 presents the mediation effects based on the bootstrap

method. The 95% confidence intervals of all three indirect

paths do not contain zero, indicating that all three paths have

significant mediation effects. Furthermore, the significance of

mass sports activity on prosocial behavior disappeared (c’ =

0.037, P= 0.338) after the inclusion of twomediators, indicating

that flow trait and subjective wellbeing had a fully mediation

effect in this study. Therefore, the validity of hypotheses two,
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TABLE 3 Results of regression analysis.

Outcome variable Independent variables R R² F β t P df VIF

Prosocial behavior Mass sports activity 0.243 0.059 21.971 0.243 4.69 <0.001 349 1.00

Flow trait Mass sports activity 0.339 0.115 45.441 0.339 6.74 <0.001 349 1.00

Subjective wellbeing Mass sports activity 0.574 0.329 85.414 0.131 2.82 0.005 348 1.13

Flow trait - - - 0.516 11.05 <0.001 348 1.13

Prosocial behavior Mass sports activity 0.575 0.331 57.176 0.045 0.96 0.338 347 1.16

Flow trait - - - 0.216 3.99 <0.001 347 1.53

Subjective wellbeing - - - 0.407 7.58 <0.001 347 1.49

VIF, variance inflation factor.

TABLE 4 Results of sequential mediation analysis.

Indirect effect path Effect Boot SE Boot 95% CI Ratio of indirect to total effect of X on Y

Ind1: X→ M1→ Y 0.061 0.019 [0.028, 0.101] 30.18%

Ind2: X→ M2→ Y 0.044 0.021 [0.007, 0.089] 21.96%

Ind3: X→ M1→ M2→ Y 0.059 0.014 [0.035, 0.089] 29.23%

Indirect effects of X on Y 0.163 0.031 [0.108, 0.230] 81.37%

Total effect of X on Y 0.201 0.043 [0.117, 0.285] -

X, mass sports activity; M1 , flow trait; M2 , subjective well-being; Y, prosocial behavior.

FIGURE 1

Conceptual diagram of double mediation using the PROCESS (Template, Model 6). Beta values above the solid line represent indirect e�ects,

while the beta value below the solid line represent the total e�ect. ***Denotes P < 0.001.

three, and four is supported by these findings. Figure 1 depicts

the two-mediator sequential model.

Discussion

In this study, we showed that participation in mass

sports can promote prosocial behavior. Based on the subgroup

analysis, it was also identified that the sports population scored

significantly higher on flow trait, subjective wellbeing, and

prosocial behavior, highlighting the value of leisure physical

activity. The current study is the first to demonstrate positive

psychological outcomes in addition to physical health benefits

associated with mass sports activity, so providing the theoretical

underpinning to support the fitness for all policy of the

Chinese government.

Sports participation throughout the lifespan is regarded

to enhance moral character and the capacity to work

collaboratively toward a common objective (39–41). Individual

sports participation is governed by the sport’s laws and

ethics, which are gradually reinforced as the number of

sports activity increases (42). This is congruent with the

social norms theory (43), which argues that norms can be

internalized into an individual’s consciousness (44) and can
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be adhered to even in the absence of external rewards (45).

Thus, individuals with active inclusion in mass sports exhibit

more pronounced prosocial behavior. Furthermore, mass sports

are sports activities conducted in public, and people can be

influenced by the watching eyes effect (46) when participating

in sports, thereby creating an implicit social pressure to be

supervised, and are more likely to develop prosocial behavior as

a result of this supervision mechanism (47).

In the present study, flow trait and subjective wellbeing

independently mediated the relationship between mass sports

activity and prosocial behavior, respectively. According to the

flow theory, this is mostly due to the fact that when people

engage in easy-to-learn mass sports activity, they concentrate on

the task at hand while experiencing a sense of joy and fulfillment

(48). During the flow process, the individual’s sense of control

rises (49), and he or she is also more inclined to exhibit prosocial

behaviors such as helping, cooperation, and humility (50).

Furthermore, numerous research has demonstrated that regular

physical activity, such as walking (51), could bring about array of

benefits on an individual’s physical and mental health, resulting

in a relaxed and content state of mind and body. Meta-analysis

of leisure sports participation and subjective wellbeing suggested

that the leisure domain is an essential target for boosting

subjective wellbeing (52), which has been demonstrated in the

Chinese (53) and European (54) population. Mass sports activity

is a form of leisure physical activity in which individuals of

all ages can participate at any time. Physical activity improves

individuals’ subjective wellbeing, and in turn, when people are

in a state of happiness, they are more inclined to engage in

prosocial behavior (55).

Through the sequential mediation effect of flow trait and

subjective wellbeing, the present study shows that mass sports

activity can predict prosocial behavior. Our conclusion is

consistent with the literature that flow is a strong predictor

of subjective wellbeing (31). The sense of flow that people

develop while exercise results in a heightened sense of wellbeing,

which encourages prosocial behavior. This effect can also be

explained by the theory of empathy training (56). Empathy

is the capacity of the observer to feel and comprehend the

feelings of the observed, as well as the mental process by which

humans recognize and experience the emotions and feelings

of others. Sport education (57) and regular participation in

organized physical activity (58) can enhance an individual’s

personal and social responsibility, and a higher level of physical

activity correlates with a greater capacity for empathy (59).

Given the relationship between heightened flow experience and

empathy (60), as well as the link between positive empathy,

subjective wellbeing, and prosocial behavior (61), mass sports

activity contributes to more prosocial behavior.

This study’s findings have significant practical implications.

First, our data revealed a significant gender difference in

physical activity, which resulted in a significant decrease in

females’ flow trait, subjective wellbeing, and prosocial behavior.

Insufficient physical activity among females is prevalent not

only in China, but worldwide (62). In response to this global

trend, governments should implement more effective health

campaigns to encourage female physical activity. Not only

could active sports participation improve physical health, but

it could also have a positive influence on mental health,

as demonstrated in the present study. This recommendation

also applies to disadvantaged populations, such as those with

physical disabilities or who live in economically underdeveloped

areas with fewer public fitness facilities. Second, the sequential

mediation effect of flow trait and subjective wellbeing suggests

that individuals may choose appropriate exercise form (e.g.,

pacing sports) (16), extend the exercise duration, and increase

the exercise intensity (63) when performing mass sports

activity in order to achieve a deep state of flow in sports,

which can increase the level of subjective wellbeing after

exercise and improve the prosocial behavior of individuals.

Third, these findings have implications for physical education

classes in schools and team-building training in businesses. By

organizing extracurricular and leisure physical activity, schools

and businesses can increase the level of prosocial behavior

among students and employees, hence enhancing the efficacy of

the class and business (64).

The Chinese government has promoted the construction

of “Healthy China” and developed an innovative public health

model with Chinese characteristics to intervene in life and guide

social behavior through sports, which not only has a positive

impact on China’s social progress and development, but also

serves as an excellent example for the international community.

On the basis of the Chinese experience, the promotion of an

active lifestyle and social cohesion can be more effectively done

through a series of societal and institutional policies that remove

contextual barriers to produce habitual engagement in leisure

physical activity. Fitness for all can lead to a nation that is more

vibrant and inclusive. The economic, cultural, and social life of

other nations can be enhanced immeasurably by the formation

of a national fitness campaign that is tailored to national needs.

It should be acknowledged that, the study employed

conventional questionnaire-based assessments, whichmay differ

from the actual situation. Longitudinal experimental research on

the effect of leisure physical activity on prosocial and antisocial

behaviors is warranted to confirm our findings.

In conclusion, individuals who regularly participate in mass

sports enjoy greater flow, which improves their subjective

wellbeing and increases their prosocial behavior. Since the

implementation of the National Fitness Program, China’s public

fitness system has been increasingly refined, and the number

of individuals who regularly engage in mass sports activity has

risen. The larger significance of this study provides empirical

data to support the National Fitness Program’s policy priority of

increasing sports population in order to improve physical health

and social cohesion. Moving forward, China’s fitness for all that

promotes a healthy society ought to be a global goal.
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E�ect of physical activity
combined with extra
ciliary-muscle training on visual
acuity of children aged 10–11

Rongbin Yin†, Jianrong Xu†, Hongyun Wang, Sheng Zhou,

Meng Zhang and Geng Cai*

School of Physical Education, Soochow University, Suzhou, China

This study is intended for exploring the e�ects of the physical activity combined

with extra ciliary-muscle training with di�erent frequencies on children’s

kinetic visual acuity and uncorrected distance visual acuity, and eventually

figuring out the optimal frequency of ciliary-muscle training for each physical

education class. To do the present research, A total of 160 students aged 10–11

from a school in Suzhou (amajor city located in southeastern Jiangsu Province,

East China) were randomly selected and divided into control group (n = 33),

15-frequency group (n = 44), 30-frequency group (n = 40) and 60-frequency

group (n = 43), and the latter three experimental groups participated in a

specially designed physical activity plan based on the training principles of

ciliary muscle, while the control group participated in normal physical activity

as usual. The experimental intervention period was 16 weeks, and all students’

kinetic visual acuity and uncorrected distance visual acuity were measured

before and after the experiment. The result showed that the kinetic visual acuity

of the students in the 30 and 60-frequency groups got improved significantly

after the experiment (p < 0.05), with the highest improvement occurring

in the 30-frequency group, while there was no significant change in the

15-frequency group and the control group; The uncorrected distance visual

acuity of the students in the 30 and 60-frequency groups was significantly

improved after the experiment (p < 0.05), and the improvement range in these

two groups was similar. In contrast, there was no significant change in the

15-frequency group, while the control group showed a significant decrease

(p < 0.05). Physical activity combined with extra ciliary-muscle training has a

positive e�ect on improving children’s vision; at the same time, ciliary-muscle

training with di�erent frequencies bring out di�erent outcomes on children’s

vision improvement, among which ciliary-muscle training with frequency of

30 in each physical education class is the best choice to enhance children’s

kinetic visual acuity and uncorrected distance visual acuity.

KEYWORDS

children, physical activity, ciliary-muscle training, kinetic visual acuity, uncorrected

distance visual acuity
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Introduction

Eye health is an essential part of citizens’ overall wellbeing,

which has a far-reaching and extensive impact on individuals’

life, health and society’s sustainable development (1). In recent

years, myopia has become amajor public health issue worldwide.

It is estimated that by 2050, the global myopia will increase

significantly to 4.758 billion, accounting for 49.8% of the world’s

total population (2). Based on the investigations on current

situation of myopia in the world, myopia presents clear regional

characteristics, that is, the detection rate of myopia in Asia

is much higher than that of Africa, Europe and America (3).

For instance, in China, there are about 500 million patients

suffer from refractive errors, of which 90% are myopic (4). Even

worse, the morbidity of myopia is increasing, and persons with

eye problems tend to be younger. The myopia rate of Chinese

children and adolescents ranks first in the world (5). The large-

scale prevalence of myopia has become a key factor triggering

the downturn of eye health among children and adolescents.

With a progressive feature, the degree of myopia gradually

rises with the increase of age, changing into moderate and high

myopia, even into pathological myopia. The earlier children

devolopmyopia, the higher the risk of highmyopia, pathological

myopia and even blindness (6). Visual problems generate

adverse effects on individual’s health, wellbeing and economic

development, including reduced educational and employment

opportunities, social isolation and lower life expectancy, which

will cause their quality of life to go down, and place a large

barrier to the advancement of individuals, families and societies

(7). In this situation, it is urgent to prevent the occurrence of

children’s myopia, slow down its progressive process and control

the growth rate of myopia.

The vast majority of children’s myopia is due to the long-

term contraction of ciliary muscle under the condition of close

visual activities without relaxing, which weakens the stretching

ability of ciliary mustle and results in its loss of relaxation

ability (8). In this case, improving the ciliary-muscle adjusting

function is the key to prevent and slow down the formation

of myopia (9). Kinetic visual acuity (KVA) and uncorrected

distance visual acuity (UDVA), as the main indicators of visual

acuity, are closely related to the adjusting function of ciliary

muscle (10). Kinetic visual acuity is the ability to perceive

the details of moving objects, which mainly depends on the

regulating function of ciliary muscle (11), while the uncorrected

distance visual acuity is the ability to perceive the details of static

objects, which requires the ciliary-muscle adjustment to ensure

a clear vision at both far and near visual distances. Kinetic visual

acuity can help to predict uncorrected distance visual acuity to

some extent (12). Existing studies have shown that the visual

environment created in the process of physical activities is quite

consistent with the principle of ciliary-muscle regulation, so

specialized physical activities can improve people’s kinetic visual

acuity (13, 14), and also improve uncorrected distance visual

acuity, as well as create a series of changes in eye parameters

(15–19). Therefore, special physical activities designed under

the guidance of ciliary-muscle regulation principle, can improve

children’s uncorrected distance visual acuity by promoting their

kinetic visual acuity, which is an effective measure to ameliorate

children’s vision. Compared with ciliary-muscle training relying

on apparatus (20, 21), physical exercise is more interesting,

much safer, simpler and more acceptable to children, which can

better benefit children and promote their visual health.

At present, the research on the prevention and control of

children’s myopia with physical activities mostly focused on

impacts of different sports on children’s visual acuity (22),

but there are few quantitative studies on the intervention

programs of physical activities. Obviously, to prevent and

control children’s myopia through physical activities, it is critical

to define a reasonable range of intervention intensity, so as

to make the myopia prevention and control program more

practical and scientific. This study recorded and analyzed the

effects of 15-frequency ciliary-muscle training, 30-frequency

and 60-frequency ciliary-muscle training on children’s kinetic

visual acuity and uncorrected distance visual acuity in school

physical education classes, and figured out the optimal threshold

of training frequency of ciliary muscle in physical education

classes, expecting to provide practical experience for the

formulation of physical activities concerning the prevention and

control of children’s myopia.

Materials and methods

Participants

A total of 160 children aged 10–11 years old from four classes

of Grade 5 at Experimental Primary School of Suzhou Science

and Technology Town were randomly recruited as experimental

subjects. Taking the class as a unit, they were randomly divided

into three experimental groups and one control group (n =

33). The experimental included the 15-frequency group (low

frequency, n= 44), the 30-frequency group (medium frequency,

n = 40) and the 60-frequency group (high frequency, n = 43).

Homogeneity tests were performed using one-way ANOVA.

There was no significant (p>0.05)difference in the uncorrected

distance visual acuity and kinetic visual acuity among the

groups, which ensured that subsequent experiments could be

carried out smoothly. Subjects’ details are shown in Table 1.

Inclusion criteria of eligible subjects in this study: (1) no

astigmatism, amblyopia, hyperopia and other eye pathological

symptoms; (2) no wearing orthokeratology lenses; (3) no

cognitive and motor dysfunction, and being able to successfully

complete the experimental tasks. This study protocol was in

accordance with the Declaration of Helsinki and approved

by the Ethics Committee of Soochow University (No.SU-

DA20201010H01).
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TABLE 1 Participants demographic characteristics (N = 160, M ± SD).

Variables 15-frequency group 30-frequency group 60-frequency group Control group Value of P

Total 44 40 43 33

Boys 24 24 24 22

Girls 20 16 19 11

KVA 0.289± 0.246 0.268± 0.214 0.333± 0.304 0.274± 0.276 0.359

UDVA 4.875± 0.334 4.775± 0.306 4.807± 0.335 4.794± 0.302 0.766

KVA, kinetic visual acuity; UDVA, uncorrected distance visual acuity.

Ciliary-muscle training method

Physical activity combined with ciliary-muscle training is

designed in the present study, as studies have found that both

closed-skill sports and open-skill sports can effectively improve

students’ kinetic visual acuity and uncorrected distance visual

acuity after adding visual tasks (6). Generally, closed-skill sports

include running, jumping and throwing. In detail, specific

exercise tasks involve fast running, endurance running, obstacle

running, standing long jump, single jump and double fall, rapid

long jump, throwing sandbags or softball on the upper step,

etc. On the strength of these regular physical activities, some

visual targets were designed as digital cards, and some were

printed action names, and solid balls, sandbags and other sports

facilities were attached with visual targets signs as well. For

example, in the obstacle running exercise, when students clearly

saw the numbers and action names presented on the visual

target in the process of running forward, which were set at

each obstacle point in advance, and they should complete the

described actions for the corresponding number of times. And

the same to the jumping exercise and throwing exercise, students

observed the number and content of the visual targets while

jumping forward to complete the prescribed actions; during the

throwing process, students were asked to track the movement of

medicine balls, sandbags or softballs with eyes, carefully read the

content of visual targets and did the written task on it.

Open-skill sports include football, basketball, volleyball and

table tennis, the specific exercises of which are kicking the ball

with the inside foot, catching the ball, dribbling the ball in

front of the instep, dribbling the ball in basketball, shooting in

situ, passing and catching the ball, self-cushion and two-person

cushion in volleyball, throwing and catching ball and two-person

play in table tennis. In these activities, the visual target was a

card with numbers or a ball affixed with a visual-target design.

Engaging in the exercise, students followed the movement of the

ball with both eyes, or observed the hand-held visual target, and

read the content of the visual target clearly (Table 2).

The principles of the visual-task design and implementation

consisted of four categories: (1) to ensure the completion of

the exercise task and individual’s safety; (2) regarding kinetic

visual acuity, the change of depth or distance in the exercise

was the main concern; (3) the emphasis of training placed on

the changing process from “visible” to “see details of the visual

target clearly”; (4) the times of each exercise was determined

by the frequency of each group. Taking throwing and catching

the ball as an example, the key of intervention is to guide the

participant to track the movement and landing point of the ball

with eyes when throwing and catching the ball. The ball from

near to far or from far to near was recognized as one time of

visual intervention.

Study design

The determination of training frequency of ciliary muscle

was in light of the practical experience of previous related

studies, which indicated that the training frequency of ciliary

muscle was generally 15–40 times in each physical education

class according to different sports items and teaching contents

(23, 24). Taking the limited time of physical education

class and the requirements of teaching tasks into further

consideration, this study would set the frequency of 30 as the

benchmark threshold, and the upper and lower amplitudes

were adjusted twice, so the experimental groups were assigned

as the 15-frequency group (low frequency), the 30-frequency

group (medium frequency) and the 60-frequency group (high

frequency), respectively. In this situation, the effects of low,

medium and high frequency of ciliary-muscle training on

participants’ kinetic visual acuity and uncorrected distance

visual acuity were observed. The three experimental groups

took part in additional ciliary-muscle training activities with the

frequency of 15 (low frequency), the frequency of 30 (medium

frequency) and the frequency of 60 (high frequency) designed

based on the principle of ciliary-muscle training, while the

control group carried out routine physical education activities.

For this study, the selected physical activities was from the

regular school physical education for children aged 10–11, which

consisted of open-skill sports like basketball, football, volleyball,

table tennis and other ball games, and closed-skill sports, such

as running, jumping, throwing in athletics. The intervention

period of the experiment is 16 weeks, and the experimental

group and the control group were arranged to conduct physical
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TABLE 2 Experiment content.

Classification Projects Exercise content Exercise time Movement

frequency

Duration of ciliary

muscle intervention

Open motor skills Basketball Passing, dribbling,

shooting, etc.

Total 4 weeks;

40min each time

Three times a

week

Control group without ciliary

muscle intervention and

normal participation in

physical education classes.

Soccer Shooting, passing,

dribbling, etc.

Total 4 weeks;

40min each time

Three times a

week

The hourly value of ciliary

muscle intervention in the

experimental group was 3

s/time; since the ciliary

muscle intervention was

carried out as a motor

exercise, the exact time could

not be accurately estimated

and depended on the content

of the exercise. For example,

the 60-frequency group

performed volleyball reversal

exercises with 40 people

divided into four groups of 10

people at a time for 5min

each, for a total of 20min.

Volleyball Matting, serving,

passing, etc.

Total 4 weeks;

40min each time

Three times a

week

Table tennis Throwing and

catching balls, pairs,

games, etc.

Total 4 weeks;

40min each time

Three times a

week

Closed motor skills Run Obstacle run, speed

run, relay run etc.

Total 4 weeks;

40min each time

Three times a

week

Jump Height adjustment,

long jump, etc.

Total 4 weeks;

40min each time

Three times a

week

Cast Sandbag, softball,

solid ball

Total 4 weeks;

40min each time

Three times a

week

Sports games Emphasis on the far-

sighted–near-sighted

game

Total 4 weeks;

40min each time

Three times a

week

education class three times a week, with each class lasting 40min.

The intervention of the experimental group was carried out

in physical education class. According to the research purpose,

on the premise of not affecting the teaching content of normal

physical education courses, combined with the characteristics

of various sports movements and skills learning requirements,

ciliary muscle training tasks were reasonably added to the

experimental group in practice, and appropriate visual aids were

added. Physical education class’s exercises of the control group

did not include ciliary muscle training tasks. For example, when

the experimental group and the control group were practicing

football passing at the same time, the football in the experimental

group should be pasted with numbers or letters, and students

were required to catch the moving track of the ball during the

football rolling process. They need to see clearly the content

of the visual mark on the football and experience the change

of farsightedness and nearsightedness. However, there was no

visual mark on the football in the control group, because the

students in the control group did not need to complete the

ciliary muscle training task. The exercise load, exercise duration,

exercise frequency and items of the experimental group and the

control group should be consistent to ensure the accuracy of

the experimental results. At the same time, we keep tracking of

students’ physical activity during out-of-school hours, such as

after school andweekends, through regular communication with

parents and students to prevent experimental errors caused by

sudden changes in subjects’ physical activity (e.g., participation

in or withdrawal from sports clubs, etc.).

Measure method

This study measured the participants’ uncorrected distance

visual acuity and kinetic visual acuity from four groups before

the experimental intervention (before the first week) and after

the experimental intervention (after the 16th week). In order to

minimize the error of experimental data, the detection methods

and process were strictly carried out in accordance with the

standards, and the same person conducted all the measurement

and recording of various data before and after the experiment.

Measurement of uncorrected distance visual
acuity

Participants’ uncorrected distance visual acuity test was

completed by the full-time school doctor, using the light box of

current “Standard Logarithmic Visual Acuity Chart” for testing,

and the whole operation process followed the ophthalmic

examination standards. The measurement result of the right eye

was taken as the final value of the subjects’ uncorrected distance

visual acuity.
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Measurement of kinetic visual acuity

Kinetic visual acuity was tested with XP.14-TD-J905, the

kinetic visual acuity detector produced by Shanghai Hump

Automation Technology Co., Ltd. The range of kinetic visual

acuity was between 0.1 and 1.6, and the higher the value, the

better the kinetic visual acuity. Before the eyesight test, the tester

explained the operation method. The student sat in front of

the detector and look through the measuring window. After

the test began, students would see a Landolt ring in a bright

yellow circular shape. The Landolt ring approached the subject

from the front, moving from a 50 meters distance at a velocity

of 30 km/h. The students were instructed to rapidly press the

joystick when they identified the orientation of the Landolt

ring (four directions: up, down, left, right). Only the correct

measurement values were recorded. Then, each student was

tested three times in a row, and the average value was taken as

the final value of the student’s kinetic visual acuity.

Statistical analysis

Excel spreadsheet was used for data entry and collation, and

SPSS25.0, statistical software, was used for data analysis. All data

were expressed as mean± standard deviation (M± SD). Before

the experiment, the data were tested for homogeneity, and the

data obeyed normal distribution and had the same homogeneity

of variance. Repeated-measures analysis of variance (ANOVA)

and paired sample t-test were used to analyze the test results

TABLE 3 Results of repeated-measures ANOVA on participants’ kinetic

visual acuity.

Elements Value of F Value of P ηp
2

Time 16.210* 0.000 0.094

Group 1.727 0.164 0.032

Time×Group 3.405* 0.019 0.061

*indicates significant difference (p < 0.05).

of participants’ kinetic visual acuity and uncorrected distance

visual acuity before and after the experiment. The significance

size of main effects and interactions was evaluated using ηp2 to

evaluate the significance size of main effects and interactions,

in which ηp2 ≤ 0.06 was a small effect, 0.06 < ηp2 ≤ 0.14

was a medium effect, and ηp2 > 0.14 was a large effect. The

significance level is α = 0.05.

Results

Intervention e�ect analysis of
ciliary-muscle training with di�erent
frequencies on kinetic visual acuity

Table 3 presents the results of the repeated-measures

ANOVA on participants’ kinetic visual acuity. As seen in Table 3,

the main effect of time was significant (F = 16.210, p < 0.05),

which indicated that participants’ kinetic visual acuity changed

significantly with the passage of time. The interaction of time

and group (shown as time × group) was significant (F =

3.405, p < 0.05), which indicated that under the interaction of

time and group, different frequency of ciliary-muscle training

in physical education had different effects on students’ kinetic

visual acuity.

Further simple effect analysis (Table 4) found that at the level

of baseline test, there was no statistically significant difference in

kinetic visual acuity among the groups (F = 0.520, p > 0.05);

At the post-test level, there was a significant difference in the

kinetic visual acuity among the groups (F = 3. 701, p < 0.05).

Multiple comparison shows there was a remarkable difference in

the kinetic visual acuity between the control group and the 30-

frequency group (p < 0.05). The paired sample T test of kinetic

visual acuity before and after the experiment showed that the

kinetic visual acuity of the students in both the 30 and the 60-

frequency groups was significantly improved (p < 0.05), while

that of the students in the 15-frequency group and the control

group had no significant change (p>0.05) (Figure 1).

TABLE 4 Simple e�ect analysis and paired-sample t-test on subjects’ kinetic acuity.

Measure time Groups M ± SD Value of F Value of P ηp
2

Pre-experiment 15-frequency group 0.289± 0.246 0.520 0.669 0.010

30-frequency group 0.268± 0.214

60-frequency group 0.333± 0.304

Control group 0.274± 0.276

Post-experiment 15-frequency group 0.361± 0.248 3.701 0.013 0.066

30-frequency group 0.486± 0.327ab

60-frequency group 0.424± 0.324a

Control group 0.275± 0.200

ameans that compared with pre-experiment, p < 0.05. bmeans significant difference in comparison with the control group after the experiment (p < 0.05).
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FIGURE 1

Comparison of the mean (M ± SD)kinetic visual acuity between the control group and the ciliary muscle training group with di�erent

frequencies before and after the experiment. *represents significant di�erence in intra-group comparison (p < 0.05), #represents significant

di�erence in comparison with the control group after the experiment (p < 0.05).

TABLE 5 Repeated measures analysis of variance on participants’

uncorrected distance visual acuity.

Elements Value of F Value of P ηp
2

Time 14.076* 0.000 0.083

Group 2.334 0.076 0.043

Time×Group 12.219* 0.000 0.190

*indicates significant difference (p < 0.05).

Intervention e�ect analysis of
ciliary-muscle training with di�erent
frequencies on uncorrected distance
visual acuity

Participants’ uncorrected distance visual acuity in each

group was analyzed by repeated measurement analysis of

variance before and after the experiment, which reflected that

the main effect of time was significant (F=14.076, p < 0.05),

in other words, participants’ uncorrected distance visual acuity

changed significantly with the passage of time. Moreover, the

interaction of time and group (shown as time × group) was

significant (F=12.219, p< 0.05), which demonstrated that under

the interaction of time and group, different frequencies of

ciliary-muscle training in physical education had different effects

on students’ uncorrected distance visual acuity (Table 5).

Further simple effect analysis (Table 6) showed that at

the level of baseline test, there was no statistically significant

difference in uncorrected distance visual acuity among the

groups (F = 0.776, p > 0.05); At the post-test level, a significant

difference appeared in subjects’ uncorrected distance visual

acuity among the groups (F = 7. 095, p < 0.05), and there was

a remarkable difference in the uncorrected distance visual acuity

between the control group and the three experimental groups

(p < 0.05). The paired sample t test of uncorrected distance

visual acuity before and after the experiment found that students’

uncorrected distance visual acuity in both the 30 and the 60-

frequency groups was significantly improved (p < 0.05), while

that of the students in the 15-frequency group had no significant

change (p>0.05), but the control group displayed a significant

decrease (p > 0.05) (Figure 2).

Discussion

Development of 10–11-year-old
children’s visual health

More attention should be paid to the relationship between

visual acuity and age in terms of prevention and cure for

Frontiers in PublicHealth 06 frontiersin.org

39

https://doi.org/10.3389/fpubh.2022.949130
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yin et al. 10.3389/fpubh.2022.949130

TABLE 6 Simple e�ect analysis and paired-sample t-test on subjects’ uncorrected distance visual acuity.

Measure time Groups M ± SD Value of F Value of P ηp
2

Pre-experiment 15-frequency group 4.875± 0.334 0.776 0.509 0.015

30-frequency group 4.775± 0.306

60-frequency group 4.807± 0.335

Control group 4.794± 0.302

Post-experiment 15-frequency group 4.927± 0.311 7.095 0.000 0.120

30-frequency group 4.937± 0.269ab

60-frequency group 4.958± 0.280ab

Control group 4.685± 0.277ab

ameans that compared with pre-experiment, p < 0.05. bmeans significant difference in comparison with the control group after the experiment (p < 0.05).

FIGURE 2

Comparison of the mean (M ± SD) uncorrected distance visual acuity between the control group and the ciliary muscle training group with

di�erent frequencies before and after the experiment. *represents significant di�erence in intra-group comparison (p < 0.05), #represents

significant di�erence in comparison with the control group after the experiment (p < 0.05).

children’s myopia, as the development of vision shows different

characteristics in different age groups. Before the age of 6, it is the

key development period of children’s uncorrected distance visual

acuity (25). Later, at the age of 10–14, their uncorrected distance

visual acuity decreases significantly with age (26). It should be

noted that myopia develops rapidly among children aged 7–12

years (27). A scholar investigated the current status of children’s

poor vision in a Chinese city and found that the rate of poor

vision among children aged 9–12 was as high as 51.28% (28).

This study showed that participants’ overall visual health in the

control group without any intervention displayed a downward

trend, which may be related to the stage characteristics of

visual development and the abnormal adjusting function of

eyes. According to Kepler’s near-work hypothesis (29), myopia

was based on the continuous contraction of ciliary muscle,

which created higher intraocular pressure during overloaded

near work. Children’s myopia took shape around school-age

was mostly caused by ciliary-muscle dysfunction, coincidentally

the peak period of myopic morbidity coincided with the peak

period of individual’s physical growth and development and

also the individual’s high-intensity academic learning (30, 31).

In addition, external environmental factors such as near work,

education intensity, long screen time, lack of physical activity

and outdoor exercise were all recognized as risk factors for
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children’s myopia. Particularly, children aged 10–11 are just

in the period of rapid physical growth and development,

and at the same time they step into the stage of increasing

academic pressure, with more time for close work and less time

for outdoor physical activities. In this situation, their ciliary

muscle cannot be fully relaxed due to continuous contraction,

consequently the range, flexibility and accuracy of ciliary-muscle

regulation are reduced or its regulation ability will lose, and

that’s why children’s visual acuity is prone to fluctuation. It is

no doubt that at this stage, if we can provide helpful treatment

strategies, the prevention and control of children’s myopia can

achieve better benefits.

E�ect of physical activity combined with
ciliary-muscle training on children’s
visual health

The present study found that ciliary-muscle training in

physical education class had a positive effect on improving

children’s visual health. As is known, the root of myopia is ciliary

muscle spasm. Fortunately, special ciliary-muscle training can

relieve this problem. In the past, some previous researchers

were misled to believe that ciliary muscle cannot be changed

by exercise, since structurally ciliary muscle belongs to smooth

muscle (32). However, in recent years, it has been found that

the muscle cells of ciliary muscle are different from the smooth

muscle of other parts such as blood vessels, which are regularly

arranged dense bands and dense bodies, similar to the Z band

in striated muscle; moreover, in the ultrastructure, the number

of mitochondria and endoplasmic reticulum in ciliary muscle

cells is more abundant than that in ordinary smooth muscle

(33). Due to the fact that ciliary muscle not only has the smooth

muscle characteristics controlled by parasympathetic nerve,

but also has many physiological structure, histochemistry

and efferent nerve characteristics of striated muscle,

increasing scholars convince that it can be regulated by

special training.

Physical activity is the best medium for ciliary-muscle

training in childhood. Studies have found that both open-skill

sports and closed-skill sports can effectively improve students’

kinetic visual acuity and uncorrected distance visual acuity after

adding visual tasks (24). Besides, ball games with the nature of

open-skill sports are accompanied by the alternation of close

and distant vision in the process of practice, in which the

ciliary muscle needs to be constantly adjusted to make the

vision clear, which is conducive to the recovery of regulatory

function (34). Admittedly, compared with open movement,

closed movement requires less vision adjustment in the process

of practice, but embedding the task of alternating near-far vision

in closed movement, and increasing the frequency of eye use

in closed movement can also improve the vision of myopic

students (23).

According to the findings of previous studies (24), it is

not difficult to see that different types of sports can show

different effects on improving children’s visual acuity, and

this kind of differentiation is likely to be related with the

frequency of ciliary-muscle training during exercise. In addition,

some scholars (35) believed that in the process of physical

activities, the adaptation of human eyes to changes in the

external environment increased the frequency of ciliary muscle

regulation, coupled with the strengthening of nerve regulation

and the relaxation of psychological state, whichmay improve the

spasm of ciliary muscle to a certain extent, thus having a positive

impact on the level of visual health.

E�ects of ciliary-muscle training with
di�erent frequencies on children’s kinetic
visual acuity and uncorrected distance
visual acuity

The results of this study showed that different frequencies of

ciliary-muscle training had different effects on students’ visual

acuity. That was partly because of different amount of ciliary-

muscle regulation triggered by different training intensity. In

fact, the process of visual training is essentially the process of

sports training, and the only main difference is that the training

part concentrated on eyes. Although the eye muscle group

belongs to the small muscle group, it can still support a suitable

amount of exercise, so different amount of exercise done by the

ciliary-muscle will create diverse stimulation, which is why in

a certain period of intervention, different training frequencies

have different effects on vision.

Another finding of this study was that 30 times of ciliary-

muscle training in each physical education class had the best

effect on improving students’ kinetic visual acuity, and 30 times

and 60 times of ciliary-muscle training had similar effects on

improving students’ the uncorrected distance visual acuity. In

general, ciliary-muscle training with 30-frequency had better

effects on the two kinds of vision than that of the 15 and

the 60-frequency groups, which can be well explained. From a

physiological point of view, eye muscles belong to small muscle

groups, with poor tolerance, fatigue and other characteristics,

frequency of 30 may be the appropriate intensity for ciliary-

muscle training with physical activities as the carrier, which

is more likely to produce the ideal effect on improving the

adjustment ability of ciliary muscle.

Also, from the experimental point of view, ciliary-muscle

training with frequency of 30 can be widely accepted in the

experiment, and children had a high degree of execution and

can complete the experimental task with high quality. Through

the intervention, the ciliary muscle was not only fully relaxed,

but also the sensitivity and accuracy of eye adjustment can be

enhanced. In comparison, the 60-frequency training group was
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affected by the longer experimental time, resulting in a lower

degree of participants’ execution, in which children were unable

to fully adjust and relax their eyes, and the quality of task

completion was worse than that of the 30-frequency group. As

for the 15-frequency group, 15 times of ciliary-muscle training

can only make the strained and spasmodic ciliary muscle

experience a simple warm-up effect. After 15 times of training,

intervention on the ciliary muscle immediately stopped, but the

muscle just reached the state of preparation, so the relaxation

of ciliary muscles failed to continue, resulting in insufficient

stimulation intensity. Therefore, 15-frequency training failed

to reach the threshold of cillary muscle training. Based on

the explanation above, it is a more reasonable and scientific

choice to take 30 times in each physical class as the benchmark

threshold for ciliary-muscle training combined with physical

activities. The reason for the visual acuity loss in the control

group may be that Chinese students have fewer opportunities to

participate in extracurricular physical activities, and the ciliary

muscle conditioning in daily school physical activities cannot

counteract the negative effects of students due to close eye use

and excessive time spent on visual screens.

At present, the traditional teaching mode of physical

education at school has limited effect on improving children’s

visual acuity. Being aware of this undesirable situation, this

study asserts that it is necessary to combine ciliary-muscle

training with regular physical activities to form a new physical

education teaching mode that not only enables children to

master sports skills, but also works in children’s myopia

prevention and control. By this way, it will motivate children’s

active participation in the new mode, and help them cultivate a

good habit of self-regulation to improve myopia.

Although great effort was made, the present study was far

from satisfactory. Only 10–11-year-old children were selected

for the experiment, but no comparative study of multi-

population, larger sample and different methods was carried

out. Due to these limitations, in terms of research content, it

is recommended that future studies further explore the effects

of different intervention frequencies on the visual acuity levels

of children at various ages, even refining to different genders

and visual acuity levels, and also expanding to the relationship

between different intervention hourly values and intensities

and the visual acuity levels of children and adolescents at

various school levels. All of the aspects are worth exploring

experimentally. In terms of related index measurements, future

studies can perform ciliary muscle paralysis on themeasurement

subjects to obtain more accurate data.

Conclusions

On the basis of the experiment data analysis, this study

revealed that physical activity combined with extra ciliary-

muscle training has a positive effect on improving children’s

visual health. At the same time, different frequencies of ciliary-

muscle training produces different effects on children’s visual

acuity. In particular, the 30-frequency ciliary-muscle training

is the optimal choice to improve children’s kinetic visual

acuity and uncorrected distance visual acuity in each physical

education class.
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Objectives: In Italy, in 2013, a new school curriculum with a sport character

was established in high schools, called Sports High School (SHS). The aims

of this study were: (1) to assess the fitness levels of SHS students who,

respecting all the safety rules to limit the spread of COVID-19, practiced

physical education (PE) at school with continuity for almost all of 2021, and

to compare them with Traditional High School (THS) students; (2) to evaluate

as the SHS may have influenced the fitness levels in adolescents.

Methods: This is a case-control study inwhich thirty participants were enrolled

(SHS: n = 15; THS: n = 15). To assess the fitness levels, the following tests

were administered: the Static Baropodometric and Stabilometric Analyses,

the Counter Movement Jump (CMJ), and the Handgrip test. All these tests

were administered when the non-pharmaceutical interventions (NPIs) for

COVID-19 allowed the resumption of PE lessons (T0) and 2 months after their

resumption (T1).

Results: Unpaired t-test between SHS (T0) vs. THS (T0) showed significant

di�erences between: Handgrip test Dx and Handgrip test Sx (both p <

0.001), Surface Sx foot and Surface Dx foot (both p < 0.05), and CMJ

(p < 0.001). These results were also confirmed in T1. The performance

analysis between T0 and T1 of both SHS and THS showed improvements in

SHS: Handgrip test Dx (p < 0.05; d = 0.57), Handgrip test Sx (p < 0.01;

d = 0.87), and CMJ (p < 0.05; d = 0.59). Pearson’s analysis of the

results of the tests showed significant strong correlations between:

Handgrip test Dx and Handgrip test Sx (R = 0.959; p < 0.001), Handgrip

test Dx and CMJ (R = 0.881; p < 0.001), Handgrip test Sx and CMJ

(R = 0.893; p < 0.001). The same analysis showed significant but moderate
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correlations between: Surface foot Sx and CMJ (R = 0.489; p < 0.01), Surface

foot Sx and y-mean (R= 0.485; p < 0.01), Surface foot Dx and CMJ (R = 0.444;

p < 0.05).

Conclusions: This study is in agreement with the literature showing that the

quarantine period and the NPIs for COVID-19 caused a decrease in fitness

levels in adolescents. Our results showed that students of SHS recorded higher

strength performance both in the Handgrip test and in the CMJ.

KEYWORDS

school, physical education, physical activity, Handgrip strength, vertical jump height,

vertical jump performance, jumping performance, body posture

Introduction

In Italy, the objectives of school education are defined by

the National Guidelines. Physical activity (PA) is related with

several health benefits and is widely recognized as an essential

determinant of adolescents physical and psychosocial health and

wellbeing (1, 2). According to these National Guidelines, the

general aim of the school is the harmonious and comprehensive

development of the individual (3). In Italy, in 2013, a new

school curriculum with a sport character was established in high

schools, called Sports High School (SHS) (4). This curriculum is

aimed at the study of sports sciences and PA. In addition, unlike

the traditional curriculum, that is Traditional High School

(THS), it provides for the practice of sport and PA and from

2 to 6 h weekly in the first 2 years, and 5 h in the last 3 years,

significantly increasing the annual hours that students dedicate

to physical education (PE) at school.

In 2019, to counteract the coronavirus disease-2019

(COVID-19), the Italian government adopted containment

measures to control the virus’ spread known as non-

pharmaceutical interventions (NPIs). Among the NPIs, schools

and SHS have been closed and PE have been suspended (5). Even

when school activity returned to normal, PE continued to have

severe limitations throughout 2021. However, in the same year,

the Italian Ministry of Public Education issued a clarification

regarding the specific skills that can only be achieved through

regular and constant practice (6). In particular, at the end of

the 5-year period, students in SHS must acquire the specific

knowledge and skills of the various individual and team sports

envisaged by their characterizing school curriculum. To this

end, these students have had priority in accessing school sports

facilities while respecting social distancing and contingency of

sports spaces (7).

The literature suggests that schools play an essential role in

combating physical inactivity and in ensuring good health (1). In

2016, the World Health Organization (WHO) identified schools

as the optimal context to implement and guarantee adequate

levels of PA (8). Adequate levels of PA are considered to be at

least 60min per day, most of this PA should be aerobic (9).

These unique circumstances have allowed us to study some

aspects of the influence of the PE programs of the Italian school.

The purpose of this study was double: (1) the first aim was

to assess the fitness levels of SHS students who, respecting all

the safety rules to limit the spread of COVID-19, practiced

PE at school with continuity for almost all of 2021, and to

compare them with THS students who have experienced greater

limitations in practicing PE as a result of the restrictions; (2)

analyzing a 2-month of follow-up, the second aim was to

evaluate as a specific school curriculum aimed at the study of

sports sciences and PA, that increases the annual hours that

students dedicate to PE at high school, may have influenced

the fitness levels in young adolescents compared to students of

traditional school curriculum. To the best of our knowledge,

this is the first study that evaluated the effects of this specific

school curriculum, established in Italy in 2013 with the name of

“Scientific high school—section sport and physical activity” (4).

Materials and methods

Study design and procedure

This is a case-control study in which participants were

students of the same high school located in Sicily Region (Italy).

Participants of the SHS group were part of a high school class

with a sport curriculum, while the THS group was composed

of students attending classes with a traditional PE curriculum.

Written informed consent was obtained before participating in

the study from parents’ participants. The STROBE guidelines

were used to ensure a high-quality presentation of the conducted

observational study (10). The study was carried out in

compliance with the principles of the Declaration of Helsinki

and approved by the Bioethics Committee of the University of

Palermo (Num. 77/2022 - Prot. 35307).
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FIGURE 1

STROBE flow chart.

Participants

Forty-two subjects were considered for the study but twelve

of them did not meet the inclusion criteria or declined their

participation. Hence, thirty subjects were enrolled in this study

(Figure 1). Fifteen attended classes with a sport curriculum and

fifteen attended classes with a traditional PE curriculum. To

be eligible for the study, students met the following inclusion

criteria: (a) they did not have to play professional sports or

structured PA in sports clubs during after-school hours; (b)

they were not have any deficits or illnesses affecting sports and

fitness performance; (c) during the pandemic period they had

not carried out any PAwith sports professionals other than those

activities authorized by the school.

Sports high school vs. traditional high
school

The SHS was established in Italy in 2013 with the name

of “Scientific high school—section sport and physical activity”

(4). The SHS is a 5-year upper secondary school that combines

the theme of the traditional Italian scientific high school with a

substantial increase in the hours of lessons dedicated to PE and

the study of sport and PA in general. This topic is also dealt

in other disciplines, such as Sports Law and Economics. The

SHS aims to combine an in-depth and harmonious culture, both

in the humanistic and scientific fields, through the promotion

of the educational value of sport. This specific high school

is characterized by the strengthening of physical and sports

sciences. In particular, at the end of the course, students who

attend a scientific high school with a sport curriculum must:

(a) know how to apply the methods of sport practice in

various fields, (b) know how to elaborate the critical analysis

of sport, the methodological on sport and the experimental

procedures on it, (c) know how to search for strategies

aimed at promoting the discovery of the multidisciplinary

and social role of sport, (d) knowing how to deepen the

knowledge and practice of the various sports (4). In detail, in

the first 2 years, the students of this curriculum dedicate 3 h

per week to PE and further 3 h dedicated to specific sports

activities. In the following 3 years, the hours dedicated to PE

became two per week while those dedicated to specific sports

activities remained three. On the other hand, the traditional

curriculum of Italian high schools provides only 2 h per week

of PE.

Measurements

To assess the fitness levels, the following tests were

administered: the Static Baropodometric and Stabilometric

Analyses, the Counter Movement Jump (CMJ), and the

Handgrip test. All these tests were administered when the non-

pharmaceutical interventions (NPIs) for COVID-19 allowed the

resumption of PE lessons for all students enrolled in the study
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(T0) and 2 months after the resumption of PE lessons in which

they restarted normally and continuously for both groups (T1).

Static Baropodometric and Stabilometric Analyses were

carried out using the FreeMed system (FreeStep v.1.0.3

TABLE 1 Unpaired t-test analysis of the anthropometric measures

between SHS (T0) and THS (T0).

SHS (T0) (n = 15) THS (T0) (n = 15) p

Age, y 17± 1.25 16.2± 1.42 0.14

Height, cm 167.93± 8.40 167.86± 10.41 0.98

Weight, kg 61.80± 9.15 61.20± 12.29 0.87

Shoe number 40.86± 2.99 40.60± 3.64 0.83

BMI 21.83± 2.07 21.59± 2.91 0.80

BMI Z-Score 0.11± 0.81 0.09± 1.03 0.95

SHS, Sports High School; THS, Traditional High School.

software, Sensor Medica, Guidonia Montecelio, Roma, Italy).

The platform’s sensors are 24K gold and this allows a high

reliability. Using the Romberg test position, all participants were

administered a baropodometric and a stabilometric analysis

(11). The parameters considered were: Surface Sx foot (left),

Surface Dx foot (right) for the baropodometric analysis, and

Sway Path Length (mm), Ellipse Surface Area (mm2), x-mean

(mm), y-mean (mm), and Average Speed of Movement (mm/s)

for the stabilometric analysis (12).

Counter Movement Jump (CMJ) test was administered with

theMicrogate system. It is an optical detection system composed

of a transmitting and a receiving bar. The system allows the

measurement of flight and contact times during the execution of

a series of jumps, with a precision of 1/1,000 of a second. Starting

from these fundamental basic data, the dedicated software allows

to obtain a series of parameters related to performance with

maximum precision and in real-time (13).

TABLE 2 Unpaired t-test analysis between SHS (T0) vs. THS (T0).

SHS (T0) (n = 15) THS (T0) (n = 15) p Effect size

Cohen’s d

Handgrip Dx (kg) 38.72± 7.74 21.26± 6.83 0.001 2.75

Handgrip Sx (kg) 35.44± 6.52 19.24± 6.62 0.001 2.32

Surface left (Sx, cm2) 84.33± 21.40 64.67± 12.93 0.05 0.75

Surface right (Dx, cm2) 82.13± 20.95 64.86± 9.76 0.05 0.76

CMJ (cm) 37.6± 8.70 19.66± 4 0.001 3.55

Sway path length (mm)Φ 402.53± 118.5 385.1± 98.85 0.6 0.12

Ellipse surface area (mm2)Φ 245.33± 191.89 273.94± 261.12 0.9 0.08

x-mean (mm) −1± 13.75 −1.08± 12.76 0.98 0.003

y-mean (mm) −26.95± 25.36 −24.51± 14.40 0.73 0.08

Average speed of movement (mm/s)Φ 8.03± 2.32 7.73± 1.99 0.86 0.11

SHS, Sports High School; THS, Traditional High School; CMJ, Counter Movement Jump; Dx, right; Sx, left; Φ , non-parametric analysis.

TABLE 3 Unpaired t-test analysis between SHS (T1) vs. THS (T1).

SHS (T1) (n = 15) THS (T1) (n = 15) p Effect size

Cohen’s d

Handgrip Dx (kg) 41.08± 8.29 20.58± 6.15 0.001 2.98

Handgrip Sx (kg) 38± 6.56 20.21± 6.47 0.001 2.22

Surface left (Sx, cm2) 89± 24.17 61.46± 9.15 0.01 0.91

Surface right (Dx, cm2) 83.86± 24.68 65.13± 8.99 0.05 0.67

CMJ (cm) 44± 9.04 21.17± 5.71 0.001 1.88

Sway path length (mm)Φ 375.60± 118.5 401.2± 103.27 0.33 0.16

Ellipse surface area (mm2)Φ 218.55± 186.27 231.31± 165.31 0.6 0.04

x-mean (mm) −1.41± 12.31 0.61± 10.93 0.69 0.10

y-mean (mm) −24.81± 21.54 −24.51± 14.40 0.99 0.003

Average speed of movement (mm/s)Φ 8.5± 2.84 8.49± 1.65 0.40 0.004

SHS, Sports High School; THS, Traditional High School; CMJ, Counter Movement Jump; Dx, right; Sx, left.

Φ , non-parametric analysis.
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Handgrip test aims to measure the maximum isometric

strength exerted by the upper limb muscles. The literature

suggests that the Handgrip test has a predictive value and

correlation with the fitness levels (14–17).

Statistical analysis

All numerical data were entered into an Excel sheet before

being analyzed. Descriptive statistics were reported as mean ±

standard deviation. Shapiro–Wilk’s normality test was used to

analyze data distribution. Post hoc sample size power analysis

was computed to estimate the level of power achieved for the

sample size using G∗Power software 3.1.9.2 (Heinrich Heine

University, Düsseldorf, Germany). The comparison of the two

groups at T0 and at T1 was performed with unpaired Student’s

t-test, and Mann-Whitney test has been used when appropriate.

The comparison of the same group over time (T0 to T1) was

performed with paired Student’s t-test, and Wilcoxon matched-

pairs test has been used when appropriate. For each outcome,

Cohen’s d was calculated. Pearson’s correlation coefficient was

used to analyze any correlations between the variables of the

tests. A p-value lower than 0.05 (95% confidence) was considered

useful. Statistical analyses were conducted using Jamovi software

(version 2.3.0.0) and GraphPad Prism 8.0.

Results

Post-hoc sample size power analysis (f = 0.25, α = 0.05)

showed that, with a total sample size of 30 participants

(SHS: n = 15; THS: n = 15), we achieved a power of 75%.

Table 1 shows anthropometric characteristics of the participants.

No significant differences on anthropometric characteristics

between groups were found. Table 2 and Figure 2 show unpaired

t-test analysis between SHS (T0) vs. THS (T0). Table 3 shows the

analysis between SHS (T1) vs. THS (T1). Table 4 and Figure 3

show the performance analysis between T0 and T1 of both the

SHS and the THS. Pearson’s analysis of the results of the tests

showed significant strong correlations between: Handgrip test

Dx and Handgrip test Sx (R = 0.959; p < 0.001), Handgrip test

Dx and CMJ (R = 0.881; p < 0.001), Handgrip test Sx and CMJ

(R = 0.893; p < 0.001). The same analysis showed significant

but moderate correlations between: Surface foot Sx and CMJ (R

= 0.489; p < 0.01), Surface foot Sx and y-mean (R = 0.485; p <

0.01), Surface foot Dx and CMJ (R= 0.444; p < 0.05).

Discussion

The literature suggests that physical fitness is a significant

health marker already in adolescents (18).

To the best of our knowledge, there are no studies in the

literature that analyzed the effects of specific school curriculum T
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aimed at the study of sports sciences and PA on the fitness levels

in adolescents. Moreover, the period in which the study was

conducted allowed us to estimate the possible contribution of

FIGURE 2

Analysis between SHS (T0) vs. THS (T0). * p < 0.05; ** p < 0.01;

*** p < 0.001.

both this sport curriculum and the traditional PE of Italian high

schools in adolescents.

In our opinion, the results of this study are particularly

interesting. In fact, the main results of this study are related to

the performance of SHS and THS students. Our results showed

that students of SHS recorded higher strength performance both

in the CMJ test and in the Handgrip test. In detail, as for

the CMJ test, the THS showed significant lower values than

the SHS. This result is critical for the health of adolescents.

As a matter of fact, some studies described how lower limb

performance is an important health marker (18–21). Indeed,

it is widely known that muscle strength and cardiorespiratory

endurance are considered key indicators of human health (22).

In the same way, the handgrip test is used as a marker of fitness

level or predictor of future health conditions. Many research

groups have emphasized the work of assessing the health status

of adolescents and children (11, 23). These authors developed

some fitness battery tests applicable in children and adolescents

as the ALPHA fitness test battery, the ASSO project, and the

PREFIT (11, 14, 23, 24).

As concern the PA levels during COVID-19, of particular

interest for the Italian population is the study by Giustino

et al. in which authors showed significantly lower levels of

PA among the physically active Sicilian population during

the quarantine compared to before the quarantine at all ages

FIGURE 3

Analysis between SHS (T0) vs. SHS (T1) and THS (T0) vs. THS (T1). * p < 0.05; ** p < 0.01; *** p < 0.001.
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(25). This trend also occurs in other countries. In fact, other

research groups around the world have found a decrease in

the practice of physical activity as a consequence of COVID-

19 (26). Our results are in line with these studies, in fact, the

students who practiced PE (SHS) have minimized the deficits in

their fitness levels compared to peers who did not practice PE

(THS) during the pandemic period. In fact, as abovementioned,

this study allowed us to estimate the effects of school PE

both in SHS and THS. In Table 4, the results showed that

2 months of traditional school PE did not improve fitness

levels in adolescents. On the other hand, in the same period

considered, the students who attended the SHS classes showed

improved performance in handgrip test Dx, handgrip test Sx,

and CMJ. Cohen’s d analysis showed a medium/large effect size

in these measures.

The limitation of this study is that we only evaluated

strength and balance performance andwe did not considered the

assessment of cardiorespiratory performance. Further studies

also with a larger sample are needed to confirm our findings.

Conclusion

This study confirmed previous research present in the

literature in which is reported that the quarantine period and

the NPIs for COVID-19 caused a decrease in fitness levels in

adolescents. However, this new school curriculum with a sport

character established in Italy in high schools and called Sports

High School (SHS) has shown not only to have positive effects in

preserving the fitness levels of adolescents during the pandemic

period, but also after 2-month of follow-up the students of

SHS showed significant improvements in both lower and upper

limb strength. This trend was not present in the THS group.

School PE plays an important role in improving fitness levels

in children and adolescents. However, our results suggest the

need to increase hours per week of school PE as a strategy for

improving fitness levels in adolescents.
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Background: It is known that insu�cient physical activity is associated with

the risk of hypertension, but the relationship to di�erent physical activity

dimensions within hypertension risk remains to be elucidated.

Objective: The objective of this study is to identify the association between

physical activity intensity, frequency, duration, and volume with hypertension

risk. Meanwhile, a dose-response experiment is conducted to determine the

relationship between physical activity level and hypertension risk.

Methods: Data came from the 2018 China Health and Retirement Longitudinal

Study (CHARLS, 2018), which included 14266 participants over the age of 45.

Binary logistic regression models were established to assess the associations

between di�erent dimensions of physical activity and the risk of hypertension.

Restricted cubic spline analysis was used to examine possible non-linear

associations between physical activity volume and hypertension risk.

Results: For frequency, lower hypertension risk was associated with

performing vigorous physical activity 6–7d/w (OR 0.82, 95%CI 0.73–0.93) and

moderate physical activity 6–7d/w (OR 0.89, 95%CI 0.80–0.99). No significant

association between any light physical activity frequency and hypertensionwas

observed before and after being adjusted. For the duration, lower hypertension

risk was observed in performing vigorous physical activity ≥240 min/d (OR

0.85, 95%CI 0.75–0.97) and moderate physical activity ≥240 min/d (OR 0.83,

95%CI 0.71–0.97). For volume, the risks of hypertension in the participants

who reported TPA in the 3th and 4th of quantiles were reduced by 18% (OR

0.82, 95%CI 0.72–0.95) and 22% (OR 0.78, 95%CI 0.68–0.91). A non-linear

dose-response association between total physical activity and the risk of

hypertension was shown among all of the participants (P non-linearity < 0.05).

Conclusion: Higher frequency and longer duration of vigorous physical

activity or moderate physical activity were significantly associated with a lower

risk of hypertension. Higher physical activity levels were associated with a

lower risk of hypertension and there was an inverse non-linear dose-response

relationship betweenweekly total physical activity and the risk of hypertension.
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These findings provide further proof that hypertension could be prevented

through increased physical activity.

KEYWORDS

hypertension risk, middle and older adults, restricted cubic spline, dose-response

relationship, physical activity

Introduction

Hypertension is one of the most common chronic diseases

worldwide (1), and it is the leading risk factor for cardiovascular

disease (2). Hypertension can lead to serious health problems

such as heart disease, stroke, as well as possible death if

left uncontrolled (3). About 1 billion people are living with

hypertension worldwide (4), and more than 1.56 billion people

will have elevated hypertension in 2025 (1, 5). Likewise,

hypertension is common in China. A large-scale epidemiological

survey in 2013 showed that the prevalence of hypertension

among Chinese adults was as high as 27.8% (6). Studies have

shown that many factors are related to the risk of hypertension

such as obesity, alcohol consumption, sodium intake, and

physical inactivity (7–10). However, previous data showed that

more than 40% of the elderly in China are still physically inactive

(11). In addition, the prevalence of hypertension increases with

age (12). Promoting adequate physical activity in middle-aged

and older adults to prevent hypertension is a key issue.

Increased physical activity (PA) was effective in the

treatment and prevention of hypertension, this viewpoint has

been confirmed by many studies (13–15). An inverse dose-

response association between levels of PA and hypertension was

demonstrated in a meta-analysis (16). But this association may

vary according to sex and age. An early study suggested that

increased total amount of energy expenditure during PA was

statistically associated with reduced risk of hypertension among

men but not among women (17). Additionally, Cohen et al.

(18) found age differences in the association between PA and

hypertension, the association between high levels of PA and the

prevention of hypertension was weaker among older women

when compared to younger women. What’s more, there were

also inconsistent results regarding the association between the

intensity of PA and the risk of hypertension. It was reported that

vigorous physical activity (VPA) is associated with a reduced risk

of hypertension, and VPA was far more effective than moderate

physical activity (MPA) or light physical activity (LPA) in the

prevention of hypertension (19). An earlier study, however,

Abbreviations: PA, physical activity; CHARLS, ChinaHealth and Retirement

Longitudinal Study; RCS, restricted cubic spline; VPA, vigorous physical

activity; MPA, moderate physical activity; LPA, light physical activity; TPA,

total physical activity; MET, Metabolic equivalent of task; OR, Odds ratio;

Cis, confidence intervals.

found that the addition of VPA cannot offer additional benefits

in the prevention of hypertension (20). The optimal prescription

(intensity, duration, frequency and volume) for the prevention

and treatment of hypertension remains elusive.

Further investigation of the association between physical

activity to hypertension is still required. We hypothesized

that higher intensity, frequency, duration and volume of

physical activity would each be associated with reduced

hypertension risk. Therefore, this study aimed to assess the

association of hypertension with various dimensions of PA

and to assess whether there were gender and age differences

in the dose-response relationship between PA and the risk of

developing hypertension.

Materials and methods

Participants

This cross-sectional study was done based on the China

Health and Retirement Longitudinal Study (CHARLS) survey in

2018. CHARLS is a nationally representative survey of Chinese

middle-aged and elderly people conducted by the National

School for Development (China Center for Economic Research)

in collaboration with Peking University’s Institute for Social

Science Survey. The survey covers 450 urban communities and

rural areas in 28 provinces, municipalities, and autonomous

regions in China. It was approved by the Biomedical Ethics

Review Committee of Peking University (approval number:

IRB00001052-11015), and informed consent was required of

all participants.

To be included in this study, participants (age ≥ 45 years)

should have complete data on physical activity record, gender,

place of residence, marital status, educational level, sleep status,

smoking status, drinking status, annual income, hypertension

record. Participants younger than 45 years or with missing data

for any of the above will be excluded.

Among 19,752 participants in 2018, we excluded 226

participants aged < 45 years, 5,243 participants with missing

hypertension diagnoses data, 12 participants with missing sleep

data, and 5 participants with missing smoking data. Finally,

14,266 participants were included in this cross-sectional study.

Based on the post hoc analysis of sample power using G Power

3.1, the present study population provided a statistical power

of 0.99.
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Physical activity

A modified version of the validated International

Physical Activity Questionnaire Short Form (IPAQ-SF)

(21) was used to measure participants’ physical activity (see

Supplementary material). Each participant was asked, “Do you

usually take this type of activity for at least 10min every week?”

Specific types of physical activity include (1) VPA: activities

that cause shortness of breath and may include carrying heavy

stuff, digging, hoeing, aerobic workout, bicycling at a fast speed,

and riding a cargo bike or motorcycle. (2) MPA: activities that

make you breathe faster than usual and may include carrying

light stuff, bicycling at a normal speed, mopping, Tai-Chi,

and speed walking. (3) LPA: such as walking from one place

to another place at a workplace or home, and taking a walk

for leisure, sports, exercise, or entertainment. If participants

answered “no”, they would be considered as not engaged in

this type of PA during the week. If participants answered “yes”,

they were further asked about the frequency and duration of

each PA intensity. The frequency of PA ranged from 0–7 d/w

and was divided into 4 levels: no activity (0 d/w); 1–2 d/w; 3–5

d/w; and 6–7 d/w. The duration of PA was categorized into 5

levels by CHARLS: no activity; 10–29 min/d; 30–119 min/d;

120–239 min/d; and ≥240 min/d. Metabolic equivalent of task

(MET) was cited to calculate the volume of physical activity with

considerations of intensity. Resting energy expenditure during

quiet sitting was defined as one MET. According to the Physical

Activity Guidelines Advisory Committee Scientific Report of

2018 (22), we assigned 6.0 METs, 3.1 METs, and 1.6 METs for

1min of VPA, MPA, and LPA, respectively. The weekly PA

volume for each intensity category equals the product of PA

frequency, the daily duration of PA, and the value assigned

for each category. The total volume of PA (TPA) equals the

sum of VPA, MPA, and LPA. Finally, the TPA was classified

by quartiles.

Hypertension

Hypertension was defined based on self-reported medical

history and measurement of blood pressure (systolic blood

pressure ≥140 mmHg or diastolic blood pressure ≥90

mmHg). Participants were asked the question “Have you been

diagnosed with hypertension by a doctor?” We considered

that the individual had hypertension when the response

was “yes”.

Covariates

Covariates in the present study were age, sex (male, female),

marital status (married, separated/divorced/widowed, never

married), education (junior high school or less, senior high

school and vocational school, college or higher), residency

(urban, rural), smoking status (current smoker, quit smoking,

never smoked), drinking frequency (≤1/month,>1/month,

never) and sleep duration (<7 h,7–8 h, ≥8 h), annual income

(<5000 yuan, 5000–10000 yuan, 10000–30000 yuan, 30000–

50000 yuan,≥50000 yuan).

Statistical analysis

The software STATA16.0 was used for data processing

and analysis. Categorical variables were expressed as counts

and percentages and were compared using the Pearson’s

chi-squared test. Continuous data are expressed as mean

± SD and analyzed with Student’s t-test. Binary logistic

regression analysis was used to explore the associations between

various dimensions of PA and the risk of hypertension, while

adjusting for potential confounders. Model 1 was adjusted

for demographic characteristics (including age, sex, marital

status, education, residency); Model 2 was further adjusted for

health-related behaviors (smoking status, drinking frequency,

sleep duration). A restricted cubic spline (RCS) was used

to assess the dose-response relationship between the risk

of hypertension and PA, using the 25th, 50th, and 75th

percentiles of the TPA as fixed knots. The RCS models were

adjusted for age, sex, marital status, education, residency,

smoking status, drinking frequency and sleep duration. Analyses

stratified by sex and age were conducted. Missing data were

imputed using multiple imputation by chained equations.

To test the robustness of the results, we performed a

sensitivity analysis with imputed data. All tests were two-

tailed, and a probability value of p < 0.05 was considered

statistically significant. Graph Pad prism 8 was used to draw

cubic splines.

Results

Baseline characteristics

Table 1 showed the demographic data of participants.

Among 14 266 participants in this study, 2,175 (15.25%)

reported having hypertension. The risk of hypertension was

significantly correlated with age (P < 0.001), sex (P =

0.006), marital status (P < 0.001), smoking status (P <

0.001) and annual income (P = 0.019). However, there was

no significant difference in drinking frequency, residency,

education, and sleep duration between participants with and

without hypertension (all P > 0.05). Compared with non-

hypertensive participants, hypertensive patients had lower

weekly TPA. Women and older adults had lower weekly TPA

(Supplementary Table S1).
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TABLE 1 Baseline characteristics of participants.

Characteristic Total

(N = 14,266)

Hypertension

(N = 2,175)

Non-hypertension

(N = 12,091)

P-value

Age, years, n (%) <0.001

<65 9,483 1,224 (56.28) 8,259 (68.31)

≥65 4,783 951 (43.72) 3,832 (31.69)

Sex, n (%) 0.006

Male 6,903 1,111 (51.08) 5,792 (47.90)

Female 7,363 1,064 (48.92) 6,299 (52.10)

Marital status, n (%) <0.001

Married or cohabiting 12,371 1,801 (82.80) 10,570 (87.42)

Separated, divorced or widowed 1,808 364 (16.74) 1,444 (11.94)

Never married 87 10 (0.46) 77 (0.64)

Drinking frequency, n (%) 0.192

≤1/month 3,905 575 (26.44) 3,330 (27.54)

>1/month 1,132 158 (7.26) 974 (8.06)

Never 9,229 1,442 (66.30) 7,787 (64.40)

Smoking status, n (%) <0.001

Current smoker 4,076 585 (26.90) 3,491 (28.87)

Quit 1,891 385 (17.70) 1,506 (12.46)

Never 8,299 1,205 (55.40) 7,094 (58.67)

Residency, n (%) 0.667

Urban 4,003 602 (27.68) 3,401 (28.13)

Rural 10,263 1,573 (72.32) 8,690 (71.87)

Education, n (%) 0.566

Junior high school or less 12,421 1,909 (87.77) 10,512 (86.94)

Senior high school or vocational school 1,723 248 (11.40) 1,475 (12.20)

College or higher 122 18 (0.83) 104 (0.86)

Sleep duration, hours, n (%) 0.339

< 7 7,921 1,239 (56.97) 6,682 (55.26)

7-8 2,507 370 (17.01) 2,137 (17.67)

≥ 8 3,838 566 (26.02) 3,272 (27.06)

Annual income, yuan, n (%)

< 5000 8,972 1,430 (65.75) 7,542 (62.38) 0.019

5000–30000 2,973 430 (19.77) 2,543 (21.03)

30000–50000 1,444 199 (9.15) 1,245 (10.30)

≥ 50000 877 116 (5.33) 761 (6.29)

TPA, MET-mins/week, mean (SD) 5,122 (5629) 4,520 (5365) 5,230 (5669) <0.001

Logistic regression analysis of physical
activity and hypertension

Total physical activity and the risk of
hypertension

Table 2 shows the results of logistic regression analysis

between TPA and the risk of hypertension. Participants who

reported TPA in the 3th and 4th of quartiles had a 25% (OR

0.75, 95%CI 0.65–0.86) and 31% (OR 0.69, 95%CI 0.60–0.79)

lower risk of hypertension compared to the first quartile of

TPA. After adjusting for confounding factors including age, sex,

marital status, education, residency, smoking status, drinking

frequency, sleep duration and annual income, the risks of

hypertension in the participants who reported TPA in the 3th

and 4th of quantiles were reduced by 18% (OR 0.82, 95%CI

0.72–0.95) and 22% (OR 0.78, 95%CI 0.68–0.91), respectively

(all P < 0.01). The reduction in the risk of hypertension in

participants with TPA in second quantile was not statistically

significant before and after adjustment (P > 0.05). In addition,

an inverse association between the TPA level and the risk
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TABLE 2 Logistic regression analysis for the associations between TPA and the risk of hypertension.

TPA N Univariate Model 1 Model 2

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Q1 2,591 1 1 1

Q2 4,542 0.91 (0.79, 1.03) 0.136 0.95 (0.83, 1.08) 0.421 0.96 (0.84, 1.09) 0.526

Q3 3,564 0.75 (0.65, 0.86) <0.001 0.82 (0.71, 0.94) 0.004 0.82 (0.72, 0.95) 0.007

Q4 3,569 0.69 (0.60, 0.79) <0.001 0.77 (0.67, 0.89) <0.001 0.78 (0.68, 0.91) 0.001

P for trend <0.001 <0.001 0.001

OR, odds ratio; CI, confidence interval; Model 1 was adjusted for age, sex, education, marital status, and residency; Model 2 was further adjusted for smoking status, drinking frequency,

sleep duration and annual income.

of hypertension was observed in all three models (P for

trend < 0.001).

Frequency of PA and the risk of hypertension

Table 3 indicates the binary logistic regression results for the

associations between PA frequency and the risk of hypertension.

Compared with inactivity, there was an association between

taking part in VPA 1–2 d/w (OR 0.80, 95%CI 0.65–0.99) and

the risk of hypertension, but the association became insignificant

after adjustment for confounders (Model 1: OR 0.85, 95%CI

0.69 to 1.06; Model 2: OR 0.86, 95%CI 0.69 to 1.07). Taking

part in VPA 6–7 d/w (OR 0.77, 95%CI 0.68–0.87) was associated

with a lower risk of hypertension, and the association remained

statistically significant after adjusting for confounders (Model

1: OR 0.81, 95%CI 0.72–0.92; Model 2: OR 0.82, 95%CI 0.73–

0.93). Taking part in MPA 6–7 d/w (OR 0.81, 95%CI 0.73–

0.89) was associated with a lower risk of hypertension. After

adjustment for confounders, the association attenuated slightly

but remained significant (Model 1: OR 0.89, 95%CI 0.80–0.99;

Model 2: OR 0.89, 95%CI 0.80–0.99). No association between

any LPA frequency and hypertension was observed before and

after adjusting.

Duration of PA and the risk of hypertension

Lower risk of hypertension was observed in participants

spending 30–119min (OR 0.82, 95%CI 0.67–0.99) or over

240min per day (OR 0.79, 95%CI 0.69–0.89) for VPA. Spending

120–239min (OR 0.84, 95%CI 0.73–0.98) or over 240min (OR

0.74, 95%CI 0.63–0.86) on MPA each time was correlated with

smaller odds of hypertension. Participants performing over

240min LPA each time had a lower risk of hypertension (OR

0.83, 95%CI 0.70–0.97). After adjusting for age, sex, marital

status, education, residency, smoking status, drinking frequency

and sleep duration, spending over 240min on VPA each time

and over 240min onMPA each time was correlated with smaller

odds of hypertension (Table 3).

Dose-response relationship between TPA and
hypertension

Figure 1 displays the RCS regression analysis result. We

observed a non-linear dose-response association between TPA

and the risk of hypertension among all of the participants

(P non-linearity < 0.05). As the increase of TPA per week,

the OR of hypertension markedly decreased. The point

estimate of the risk ratio reached 0.85 (95% CI= 0.75–0.95)

for activity at 3000 MET-minutes per week, indicating

that the probability of having hypertension was 15%

lower at that level of physical activity. When TPA reached

4500 MET-minutes per week, the risk of hypertension

decreased by 19% (OR 0.81, 95%CI 0.70–0.93). The risk of

hypertension no longer decreased significantly when the TPA

was increased further.

Subgroup and sensitivity analysis

As shown in Supplementary Figure S1, after sex

stratification, there was a linear dose-response association

between TPA and the risk of hypertension in male participants

(P non-linearity > 0.05). The OR of hypertension decreased

sharply as the TPA per week increased. However, no significant

relationship was found in female participants. In the age-

stratified analyses (Supplementary Figure S2), a nonlinear

dose-response relationship was observed in those aged

45–64 (P non-linearity < 0.05). A linear dose-response

relationship was observed in those aged ≥ 65 (P non-

linearity > 0.05). All of the dose-response relationships

revealed an inverse relationship between TPA and the risk

of hypertension.

Missing values were imputed by multiple imputation,

19,466 participants were included in the sensitivity analysis.

A non-linear dose-response relationship between TPA and

the risk of hypertension was similar to the main analysis

(Supplementary Figure S3).
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TABLE 3 Logistic regression analysis for the associations between PA and the risk of hypertension.

Variables N Univariate Model 1 Model 2

OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Frequency

VPA

No activity 9,374 1 1 1

1–2 d/w 778 0.80 (0.65, 0.99) 0.043 0.85 (0.69, 1.06) 0.153 0.86 (0.69, 1.07) 0.178

3–5 d/w 1,144 0.95 (0.79, 1.12) 0.517 1.01 (0.85, 1.20) 0.902 1.02 (0.86, 1.21) 0.819

6–7 d/w 2,970 0.77 (0.68, 0.87) <0.001 0.81 (0.72, 0.92) 0.001 0.82 (0.73, 0.93) 0.003

MPA

No activity 7,081 1 1 1

1–2 d/w 945 0.93 (0.77, 1.12) 0.417 0.99 (0.82, 1.19) 0.902 0.99 (0.82, 1.19) 0.885

3–5 d/w 1,460 0.88 (0.75, 1.03) 0.117 0.96 (0.82, 1.12) 0.609 0.96 (0.82, 1.13) 0.619

6–7 d/w 4,780 0.81 (0.73, 0.89) <0.001 0.89 (0.80, 0.99) 0.034 0.89 (0.80, 0.99) 0.038

LPA

No activity 2,380 1 1 1

1–2 d/w 483 0.79 (0.59, 1.06) 0.117 0.83 (0.63, 1.11) 0.214 0.85 (0.64, 1.13) 0.257

3–5 d/w 1,141 1.06 (0.87, 1.28) 0.581 1.15 (0.95, 1.39) 0.162 1.17 (0.96, 1.41) 0.117

6–7 d/w 10,262 0.92 (0.81, 1.04) 0.168 0.96 (0.85, 1.09) 0.560 0.98 (0.87, 1.11) 0.744

Duration

VPA

No activity 9,347 1 1 1

10–29 min/d 139 0.77 (0.47, 1.27) 0.132 0.83 (0.50, 1.37) 0.462 0.84 (0.51, 1.39) 0.509

30–119 min/d 905 0.82 (0.67, 0.99) 0.046 0.87 (0.71, 1.06) 0.176 0.88 (0.72, 1.07) 0.209

120–239 min/d 1,074 0.89 (0.75, 1.07) 0.230 0.93 (0.77, 1.11) 0.400 0.93 (0.77, 1.11) 0.419

≥240 min/d 2,774 0.79 (0.69, 0.89) <0.001 0.84 (0.74, 0.96) 0.009 0.85 (0.75, 0.97) 0.016

MPA

No activity 7,081 1 1 1

10–29 min/d 824 0.84 (0.69, 1.04) 0.107 0.90 (0.73, 1.11) 0.328 0.91 (0.77, 1.12) 0.385

30–119 min/d 2,910 0.90 (0.79, 1.01) 0.083 0.99 (0.87, 1.11) 0.822 0.98 (0.87, 1.11) 0.803

120–239 min/d 1,655 0.84 (0.73, 0.98) 0.029 0.92 (0.79, 1.07) 0.257 0.91 (0.78, 1.06) 0.238

≥240 min/d 1,796 0.74 (0.63, 0.86) <0.001 0.82 (0.71, 0.96) 0.014 0.83 (0.71, 0.97) 0.017

LPA

No activity 2,380 1 1 1

10–29 min/d 1,353 1.09 (0.92, 1.31) 0.313 1.13 (0.95, 1.36) 0.168 1.15 (0.96, 1.37) 0.138

30–119 min/d 5,768 0.95 (0.83, 1.08) 0.442 0.99 (0.87, 1.14) 0.951 1.01 (0.89, 1.16) 0.849

120–239 min/d 2,658 0.87 (0.75, 1.01) 0.076 0.90 (0.77, 1.06) 0.201 0.92 (0.78, 1.07) 0.274

≥240 min/d 2,107 0.83 (0.70, 0.97) 0.023 0.91 (0.77, 1.07) 0.258 0.92 (0.78, 1.09) 0.363

OR, odds ratio; CI, confidence interval; Model 1 was adjusted for age, sex, education, marital status, and residency; Model 2 was further adjusted for smoking status, drinking frequency,

sleep duration, annual income.

Discussion

This cross-sectional study evaluated the association

between the risk of hypertension with various dimensions

of PA in middle and older-aged Chinese people. Several

important findings of the current study include: (1) Higher

frequency and longer duration of VPA or MPA were

significantly associated with a lower risk of hypertension.

(2) There was an inverse association between TPA and

risk for hypertension. (3) A non-linear dose-response

relationship between TPA and the risk of hypertension

was observed in all participants, the downward hypertension

risk flattened when TPA was approximately 4500 MET-

minutes/week. (4) There were sex and age differences in the

dose-response relationship between physical activity and

hypertension risk.
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FIGURE 1

Dose-response relationships between TPA and the risk of

hypertension. Models are adjusted for age, sex, marital status,

education, residency, smoking status, drinking frequency, sleep

duration and annual income. The solid line and long dash line

represent the estimated odds ratio and its 95% confidence

interval. Knots are at the 25th, 50th and 75th percentiles for TPA.

Intensity, frequency, and duration of PA are important

factors affecting the benefits of PA. We found that VPA

and MPA were associated with a lower risk of hypertension

after adjustment for covariates. The result is consistent

with those of previous studies, moderate-to-vigorous PA

is beneficially associated with many health statuses (23).

However, the association between moderate-to-vigorous PA

with hypertension risk was only observed at 6–7days per week

and duration ≥240min. A single session of exercise can cause a

sustained drop in blood pressure, a phenomenon known as post-

exercise hypotension (24). Repeated induction of post-exercise

hypotension at a higher frequency may be best in hypertensive

patients. Sharman et al. (25) support the idea that hypertensive

patients should be physically active most days of the week for

optimal health benefits. The guideline (26) also encourage adults

with high blood pressure to do moderate-to-vigorous aerobic

exercise most days of the week, and preferably all days.

In terms of duration, the physical activity guidelines

recommend that adults should do at least 150–300min MPA

per week, or 75–150min. VPA per week for substantial health

benefits (27). Taylor-Tolbert et al. (28) found that just 45min

of acute exercise immediately reduced blood pressure load

in elderly male hypertensive patients. Our findings differ

significantly from the previous reports. Smith et al. (29)

compared self-reported and objectively measured physical

activity trajectories in prostate cancer survivors, and they found

that self-reported measures greatly overestimated moderate to

vigorous physical activity. However, a systematic review noted

that self-reported measures of physical activity were higher or

lower than directly measured physical activity levels, depending

on the measure of physical activity employed, the level of

physical activity measured, and the gender of participants

(30). The physical activity indicators associated with lowering

hypertension in our results still need to be further validated

with objective monitoring data. No significant association

was observed in any frequency and duration of LPA after

adjustment for confounders. Despite the evidence that even

LPA is associated with numerous positive health outcomes (31),

it remains unclear whether LPA can have a beneficial effect

on hypertension.

Our result shows an inverse association between TPA level

and the risk of hypertension, which is consistent with previous

research (32, 33). Importantly, the effect of PA on hypertension

is dose-dependent (16).We used RCS to explore this relationship

and found the relationship to be non-linear, which decreases

initially and then stabilizes. When TPA reached 3000 MET-

minutes per week, the risk of hypertension decreased by 15%.

The energy expenditure far exceeds the recommendations of

current physical activity guidelines, suggestive that exceeding

current guidelines in terms of energy expenditure incurs greater

contribution. But the curve reached a plateau when TPA per

week was approximately 4500 MET-mins. This is probably a

volume for optimal health benefits, equivalent to 2.5 h a day of

moderate-intensity, or 1.3 h a day of vigorous-intensity physical

activity. A beneficial effect of physical exercise on hypertension

appears in the regulation of endothelial function (34). Physical

exercise augments blood flow and laminar shear stress, and

it can also elicit systemic molecular pathways connected with

angiogenesis and chronic anti-inflammatory action (35).

It is worth noting that sex and age differences were found

in the dose-response relationship between physical activity

and hypertension risk. A linear dose-response relationship

between PA and hypertension was observed in the male

population. No significant dose-response relationship was found

in female participants, which was consistent with the findings of

Haapanen et al. (17). Physical activity may differ between men

and women. A previous report on the physical activity of middle

and older Chinese indicated that men were more active in VPA

and women weremore active inMPA (36). In addition, the dose-

response relationship between physical activity and the risk of

hypertension in aged 45–64 participants is linear, but it was non-

linear in those aged ≥65 participants. The age difference in the

relation between PA and hypertensive risk may result from an

age-related increase in arterial stiffness (18). Casey et al. (37)

found that the vasodilator responses were slower in older adults

at all exercise intensities compared with younger adults. The

decreasing physical function makes it difficult for older adults to

engage in moderate-to-vigorous PA (38), which also limits the

higher benefits they can get from PA.

This study has the strength of including a representative

sample of middle-aged and older adults in the Chinese

population, which increased the statistical power.We conducted

subgroup analyses based on age and sex to explore whether a

difference in association could be observed in subgroups with
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a different age or sex. Furthermore, the sensitivity analyses

have confirmed the robustness of this study’s findings. This

study has some limitations. First, because of the cross-sectional

design, the cause-effect relationships between PA and the

risk of hypertension not be determined. Further longitudinal

studies are needed to determine the direction of causality for

these associations. Second, questionnaire-based assessments of

physical activity may be subject to recall and social desirability

bias. Although the IPAQ is widely used, validation studies

have shown poor agreement with objective measures (39).

Third, these data do not allow us to distinguish the source of

physical activity, it’s hard to determine if the observed effects

are independent of the type of occupation. Moreover, we were

unable to include some important covariates, such as BMI,

history of metabolic conditions, salt intake, medication use,

and other potential confounders that may interfere with the

effect of physical activity on hypertension risk. Our results

cannot be excluded from being influenced by unknown or

unmeasured confounders, despite the multivariable adjustments

we made. Finally, results are limited to Chinese middle-aged

and elderly groups, and may not generalize to other countries

or populations.

Implications

It is expected that the prevalence of hypertension will

continually increase in the future as the Chinese population ages

rapidly. Our findings reinforce a growing body of independent

evidence that supports the effectiveness of moderate-to-

vigorous-intensity physical activity in preventing and managing

the risk of hypertension. This study also has significant

practical implications. We analyzed the associations between

multiple dimensions of physical activity and the risk of

hypertension, and found gender and age differences in the dose-

response relationship between accumulated physical activity

over the week and the risk of hypertension. This may provide

more detailed guidance for the prevention and control of

hypertension in different populations. Physical activity as a non-

pharmacological intervention has been shown to be effective in

reducing the risk of hypertension. Objective measurement of

physical activity should be considered and incorporated into the

management of hypertensive patients.

Conclusion

The results of this study assessed associations between

different dimensions of PA and the risk of hypertension. After

adjustment for potential confounders, higher frequency and

longer duration of VPA or MPA were significantly associated

with a lower risk of hypertension. Higher PA levels were

associated with a lower risk of hypertension and there was an

inverse dose-response relationship between weekly TPA and the

risk of hypertension. When TPA reached approximately 4500

MET-minutes per week, the risk of hypertension in the overall

population decreased by 19%, while continued increases in PA

did not appear to produce any further marked reduction in

the risk. These findings provide further proof that hypertension

could be prevented through increased PA.
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SUPPLEMENTARY FIGURE S1

Dose-response relationships between TPA and the risk of hypertension

for di�erent sex groups (A) Males. (B) Females. Models were adjusted for

age, marital status, education, residency, smoking status, drinking

frequency, sleep duration and annual income. The solid line and long

dash line represent the estimated odds ratio and its 95% confidence

interval. Knots are at the 25th, 50th, and 75th percentiles for TPA.

SUPPLEMENTARY FIGURE S2

Dose-response relationships between TPA and the risk of hypertension

for di�erent age groups (A) Participants aged < 65 years. (B) Participants

aged 65 years and older. Models were adjusted for sex, age, marital

status, education, residency, smoking status, drinking frequency, sleep

duration and annual income. The solid line and long dash line represent

the estimated odds ratio and its 95% confidence interval. Knots are at

the 25th, 50th and 75th percentiles for TPA.

SUPPLEMENTARY FIGURE S3

Sensitivity analyses of dose-response relationships between TPA and the

risk of hypertension. Models are adjusted for age, sex, marital status,

education, residency, smoking status, drinking frequency, sleep duration

and annual income. The solid line and long dash line represent the

estimated odds ratio and its 95% confidence interval. Knots are at the

25th, 50th and 75th percentiles for TPA.

SUPPLEMENTARY TABLE S1

Physical activity level of participants.
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Background: Although associations of physical activity and smoking with

mortality have been well-established, the joint impact of physical activity and

smoking on premature mortality among elderly hypertensive population was

still unclear. This study aimed to assess association of physical activity, smoking,

and their interaction with all-cause and cardiovascular disease (CVD) mortality

risk in elderly hypertensive patients.

Methods: We included 125,978 Chinese hypertensive patients aged 60–85

years [mean (SD) age, 70.5 (6.9) years] who had records in electronic health

information system of Minhang District of Shanghai, China in 2007–2015. Cox

regressionwas used to estimate individual and joint association of smoking and

physical activity on all-cause and CVD mortality. Interactions were measured

both additively and multiplicatively. Additive interaction was evaluated by

relative excess risk due to interaction (RERI), attributable proportion due to

interaction (AP) and synergy index (S).

Results: Among 125,978 elderly hypertensive patients (median age 70.1),

28,250 deaths from all causes and 13,164 deaths from CVD were observed

during the follow-up up to 11 years. There was an additive interaction

between smoking and physical inactivity [RERI: all-cause 0.19 (95% CI:

0.04–0.34), CVD 0.28 (0.06–0.50); AP: all-cause 0.09 (0.02–0.16), CVD 0.14

(0.04–0.23); S: all-cause 1.21 (1.04–1.42), CVD 1.36 (1.06–1.75)], while the

concurrence of both risk factors was associated with more than 2-fold risk

of death [hazard ratio (HR): all-cause 2.10 (1.99–2.21), CVD 2.19 (2.02–2.38)].
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Conclusion: Our study suggested that smoking and physical inactivity

together may have amplified association on premature death compared to the

sum of their individual associations, highlighting the importance of improving

behavioral factors in combination and promoting a comprehensive healthy

lifestyle in hypertensive elderly.

KEYWORDS

hypertension, cardiovascular disease, all-cause mortality, physical activity, smoking,

interaction, elderly

Introduction

Worldwide, there were 703 million people aged 65 years

and above in 2019, comprising 9% of total population (1);

by 2050, those numbers are expected to rise to 20% (1.6

billion) (2). Among the elderly, hypertension is the leading

cause of premature death and cardiovascular disease (CVD)

globally (3). Approximately 31.1% of adults worldwide live with

hypertension, and 9.4 million people die from hypertension

and complications every year (4). While hypertension is more

prevalent among the elderly (5, 6), its treatment and control have

been suboptimal (3). For example, in China, the prevalence of

hypertension in people over 65 years old is as high as 58%, while

only half of them receive antihypertensive medication treatment

and the control rate is less than one-fifth (7). With the increasing

life expectancy and aging trend of the population (1), the burden

of disease from hypertension is an alarming issue (8).

Smoking and physical inactivity are modifiable risk factors

of CVD and premature death (9–11). Evidence reveals that

even low-intensity tobacco use can be harmful to health (12).

Multiple studies from China (13, 14), Japan (15), and South

Korea (16) have shown that smoking may greatly increase the

risk of premature death in hypertensive patients due to the

synergistic effect between smoking and elevated blood pressure.

In contrast, higher levels of physical activity can reduce the risk

of all-cause mortality and CVD events in hypertensive patients

(17, 18). Previous studies have established that the elderly and

patients with various chronic diseases can obtain substantial

health benefits through increasing physical activities (19–22).

Although relationship between smoking, physical activity

and mortality has been well-established, the interaction of

smoking and physical activity on mortality remains unclear. A

good understanding of the interaction is important to identify

target groups for interventions and to implement primary

prevention strategies. Several studies have investigated the

comprehensive influence of multiple health risk factors on

health (23–27). However, most of these studies (24, 26) mainly

focused on the association of the co-exposure of smoking and

physical inactivity with adverse health outcomes, but failed

to provide sufficient quantitative measures of interaction to

explore the joint association in detail. Whether physical activity

moderates the effect of smoking on mortality risk in the elderly

hypertensive population has never been evaluated. Therefore,

using data from a large-scale prospective cohort in China, our

study aimed to explore the joint association of smoking and

physical exercise with all-cause mortality and CVD mortality in

elderly hypertensive patients. This research is very important

in order to clarify whether there is an additional benefit of

simultaneous interventions for smoking and lack of exercise.

Methods

Data source and study population

Shanghai Electronic Health Records Management System

(EHR) holds information on electronic health records for

Shanghai residents. Each patient has a unique personal

identification number in this system. All institutions, including

secondary and tertiary hospitals and primary healthcare centers,

use EHR system to record clinical activities, regular follow-

ups of primary health care, and collect information on physical

examinations, chronic disease management and medication

treatments (28, 29).

Since 2007, Minghang district of Shanghai has initiated

primary care management for patients with hypertension

(30). According to International Practical Guidelines for

Hypertension (31), hypertension is defined as systolic blood

pressure (SBP) ≥140 mmHg or diastolic blood pressure (DBP)

≥90 mmHg, or taking antihypertensive drugs. All patients

diagnosed with hypertension are included in the primary care

management. According to the standard operating procedures

(SOPs) of EHR system, patients were required to have at least

one physical examination every 6 months (28, 29).

Data collection, recording, and uploading were carried out

following pre-established SOPs. According to the standardized

information collection manual, primary medical staff was

uniformly trained every year, and special supervisors were

regularly assigned for supervision. To evaluate internal

effectiveness of this registration system, a mid-term evaluation

was conducted from February 1, 2008 to May 30, 2009. We
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FIGURE 1

Study population. EHR system denotes the electronic health

information system.

randomly selected 1,700 hypertensive patients from EHR

system, provided them with free physical examination and

clinical consultation, and arranged 10 senior physicians to

re-evaluate the patients. In the end, a total of 1,459 patients

completed the reassessment. The consistent rates of diagnosis

of hypertension, stroke, diabetes, left ventricular hypertrophy,

atherosclerotic plaque and retinal artery stenosis were 0.97, 0.96,

0.93, 0.96, 0.79, and 0.83, respectively.

This study included all 133,966 hypertensive patients aged

60–85 years recorded in EHR from 2007 to 2015, who were

permanent residents in Shanghai. Exclusion criteria were as

follows: (1) Missing demographic information (n = 1669); (2)

Follow-up time <3 months (n = 1905); (3) Missing smoke

or physical activity data (n = 721); (4) Information of other

covariates are missing (n = 3693). After exclusion, this study

included 125,978 (94.0%) hypertensive patients aged 60–85 years

[mean (SD) age, 70.5 (6.9) years] (Figure 1).

Exposures

Self-reported smoking status and physical activity were

obtained in face-to-face interviews. Smoking status was

categorized into never-smoking and smoking. Never-smokers

were defined as life-long non-smokers. Smokers included those

who self-reported smoking regularly, occasionally and quit

smoking at baseline.

Physical exercise was categorized into three groups (regular

exercise, occasional exercise, and never exercise) (32). Regular

exercise was defined as ≥150min of moderate-intensity

activities or ≥75min of high-intensity activities per week.

To be more specific, moderate-intensity activities referred

to physical activities between 3 and 6 times the resting

intensity, also equivalent to 50–60% of individual’s physical

capacity; high-intensity activities referred to physical activities

more than six times the resting intensity, relative to 70–80%

of individual’s physical capacity. This definition of regular

exercise was consistent with exercise intensity recommended by

World Health Organization (WHO), which is applicable to the

elderly (32). The exercise below this intensity was defined as

occasional exercise.

Outcomes

The outcomes of interest were all-cause mortality and CVD

mortality. The primary cause of death was reported according to

International Classification of Diseases, 10th Revision (ICD-10)

(33), the corresponding code for cardiovascular disease was I00-

I99. All death information has been verified by death documents

provided by Minhang District Center for Disease Control and

Prevention in Shanghai.

The follow-up in our study ended on 31December 2018. The

overall survival was defined as the time period between the day

of patients firstly recorded until the day of outcome of interest,

updating once every 3 months. The patient was censored on the

date of the last follow-up in EHR.

Covariates

Potential confounders were determined according to

variable relationships shown in directed acyclic graph based

on previous research (Supplementary Figure 1). We included

gender, age, alcohol drinking (never drinking, occasional

drinking, regular drinking defined as at least twice drinks per

week for more than a year) (34), body mass index (BMI,

calculated by weight in kilograms divided by the square

of height in meters), diabetes (fasting blood glucose ≥7.0

mmol/L or 2-h blood glucose ≥11.1 mmol/L), classification of

hypertension (grade 1 hypertension: SBP140-159 or DBP90-

99, grade 2 hypertension: SBP160-179 or DBP100-109, grade 3

hypertension:SBP ≥ 180 or DBP ≥ 110) (31), family history of

CVD (no, yes), family history of diabetes (no, yes), family history

of hypertension (no, yes), and family history of stroke (no, yes).

Statistical analysis

Basic characteristics of population according to different

levels of smoking and physical activity were compared by

chi-square test for categorical variables, and one-way analysis

of variance or Kruskal-Wallis test for continuous variables

where appropriate. Cumulative incidence of CVD mortality
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by smoking and exercise was estimated in the presence

of competing risk, treating non-cardiovascular deaths as

competing events (34, 35). Cumulative incidence of all-cause

mortality was also presented.

Cox proportional hazards regression was used to estimate

the individual and joint association of smoking and physical

exercise on the risk of all-cause and CVD mortality. The

proportional hazards assumption was evaluated by log-minus-

log plots (35, 36), and the curves were approximately parallel as

shown in Supplementary Figure 2.

We measured interactions on both additive and

multiplicative scales. The coefficient of product term

(physical exercise∗smoking) in Cox regression could reflect

the multiplicative interaction, which measures the relative

change of risk (37). Three indicators were used to evaluate the

additive interaction of smoking and never exercising, which

measures the absolute change of risk: (1) Relative excess risk

due to interaction (RERI), (2) attributable proportion due to

interaction (AP), (3) synergy index (S), defined as follow (38);

RERI = HR11 −HR10 − HR01 + 1

AP =
RERI

HR11

S =
HR11 − 1

(HR10 − 1)+ (HR01 − 1)

Here HR11 represented the hazard ratio of people who smoke

and never exercise, HR10 for people who smoke and exercise

regularly, and HR01 for people who never smoke and never

exercise. There was an additive interaction if RERI and AP were

unequal to 0, or S was unequal to 1.

Stratified analysis was also presented to see whether the

association of smoking with mortality modified by physical

activity. Considering sex differences in smoking, the joint

association of smoking and physical exercise were estimated

by gender. And we calculated the joint association stratified

by age to gain more specific information in elderly population.

We also conducted interaction analyses using sex-stratified Cox

regression model with age as time scale (39). Moreover, we

excluded people with diabetes and family history of chronic

diseases to assess if the relations were sensitive to comorbid

chronic diseases and genetic factors. All analyses were two-sided

test with a significant level of 0.05, performed by SAS 9.4 and

Stata 16. Three measures of additive interaction were computing

by SAS programs provided by Li and Chambless (40).

Results

Basic characteristics and mortality
follow-up

Of 125,978 elderly hypertensive patients, the median age

was 70.1 years old, smoking rate was 16.7%, and women

accounted for 53.3%. Compared with never smokers, smokers

were more likely to be male, younger, drink regularly, have more

severe stage of hypertension and have family history of chronic

diseases. Compared with those who never exercised, those who

exercised regularly were more likely to be male, younger, have

comorbid diabetes, have grade 3 hypertension and family history

of chronic diseases (Table 1).

During the 1,004,801 person-years of follow-up (median

follow-up: 8.9 years, interquartile range: 5.8–10.6 years), 28,250

deaths from all causes and 13,164 deaths from CVD were

observed. Overall, people with lower intensity of physical

activity had a higher mortality rate (Table 3). Cumulative

incidence estimation according to smoke and exercise showed

similar results (Figure 2).

Individual associations of smoking and
physical activity

Table 2 presented the independent associations of smoking

and physical activity on mortality risk. Higher levels of physical

activity and never smoking were associated with reduced risk

of death. Compared with never exercise, regular exercise was

associated with lower risk of all-cause mortality by 36% (HR:

0.64, 95% CI: 0.62–0.66) and CVD mortality by 40% (HR:

0.60, 95% CI: 0.57–0.63). Compared with smokers, non-smokers

had lower hazard ratios for all-cause death (HR: 0.73, 95%CI:

0.71–0.76) and CVD death (HR: 0.77, 95% CI: 0.73–0.82).

Joint associations of smoking and
physical activity

Table 3 shows the joint association of smoking and physical

activity. In both smokers and non-smokers, lower exercise levels

were associated with higher risk of death, but the strength of this

adverse association was stronger among smokers. Taking both

regular exercise and non-smoking as reference group, risk of

death increased as concurrent exposures to smoking and lacking

exercise increased. Smokers who never exercised had greatest

risk for mortality (HR for All-cause: 2.10, 95% CI: 1.99–2.21;

HR for CVD: 2.19, 95% CI: 2.02–2.38), but increasing physical

activity levels might counteract some of these extra risks.

Similar patterns were observed for all-cause mortality and CVD

mortality by different combinations of smoking and physical

activity (Table 3). We found a significant additive interaction

between smoking and never exercise, with RERI, AP, and S being

0.29 (95% CI: 0.10–0.49), 0.13 (0.05–0.22) and 1.33 (1.10–1.61)

for CVD mortality, and 0.20 (0.08–0.33), 0.10 (0.04–0.15) and

1.23 (1.08–1.39) for all-cause mortality, respectively. However,

the multiplicative interaction was not statistically significant

(all-cause: 1.00, 0.96–1.04; CVD: 0.97, 0.91–1.03).
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TABLE 1 Characteristics of participants according to physical activity and smoking (n = 125,978)a.

Variables Total Physical activity Smoke

Never Occasional Regular No Yesb

(N = 39,350) (N = 54,120) (N = 32,508) (N = 104,955) (N = 21,023)

Gender

Male 58,891 (46.7) 16,528 (42.0) 25,835 (47.7) 16,528 (50.8) 38,612 (36.8) 20,279 (96.5)

Female 67,087 (53.3) 22,822 (58.0) 28,285 (52.3) 15,980 (49.2) 66,343 (63.2) 744 (3.5)

Age (median, IQRc), years 70.1 (11.8) 72.0 (12.6) 70.1 (11.7) 69.9 (10.6) 70.7 (11.9) 67.3 (10.6)

60–69 62,356 (49.5) 16,794 (42.7) 28,596 (52.8) 16,966 (52.2) 49,509 (47.2) 12,847 (61.1)

70–79 49,305 (39.1) 16,240 (41.3) 19,972 (36.9) 13,093 (40.3) 42,447 (40.4) 6,858 (32.6)

≥80 14,317 (11.4) 6,316 (16.1) 5,552 (10.3) 2,449 (7.5) 12,999 (12.4) 1,318 (6.3)

BMI (median, IQRc), kg/m2 23.7 (3.8) 23.8 (4.1) 24.0 (3.8) 24.0 (3.7) 23.9 (3.9) 23.9 (3.7)

Underweight (<18.5 kg/m2) 4,098 (3.3) 1,634 (4.2) 1,611 (3.0) 853 (2.6) 3,465 (3.3) 633 (3.0)

Normal (18.5–24.9 kg/m2) 80,784 (64.1) 25,245 (64.2) 34,702 (64.1) 20,837 (64.1) 67,341 (64.2) 13,443 (63.9)

Overweight (25–29.9 kg/m2) 36,773 (29.2) 10,983 (27.9) 15,991 (29.5) 9,799 (30.1) 30,387 (29.0) 6,386 (30.4)

Obesity (≥30 kg/m2) 4,323 (3.4) 1,488 (3.8) 1,816 (3.4) 1,019 (3.1) 3,762 (3.6) 561 (2.7)

Comorbid diabetes 26,009 (20.6) 8,118 (20.6) 10,980 (20.3) 6,911 (21.3) 22,210 (21.2) 3,799 (18.1)

Alcohol drinking

Never 104,572 (83.0) 34,318 (87.2) 43,761 (80.9) 26,493 (81.5) 95,049 (90.6) 9,523 (45.3)

Occasional 14,872 (11.8) 3,093 (7.9) 7,890 (14.6) 3,889 (12.0) 8,086 (7.7) 6,786 (32.3)

Regular 6,534 (5.2) 1,939 (4.9) 2,469 (4.6) 2,126 (6.5) 1,820 (1.7) 4,714 (22.4)

Classification of

Hypertension

Grade 1 hypertension 64,219 (51.0) 19,958 (50.7) 28,026 (51.8) 16,235 (49.9) 54,582 (52.0) 9,637 (45.8)

Grade 2 hypertension 42,909 (34.1) 13,329 (33.9) 18,582 (34.3) 10,998 (33.8) 35,275 (33.6) 7,634 (36.3)

Grade 3 hypertension 18,850 (15.0) 6,063 (15.4) 7,512 (13.9) 5,275 (16.2) 15,098 (14.4) 3,752 (17.8)

Family history of CVD

No 123,118 (97.7) 38,510 (97.9) 53,023 (98.0) 31,585 (97.2) 102,624 (97.8) 20,494 (97.5)

Yes 2,860 (2.3) 840 (2.1) 1,097 (2.0) 923 (2.8) 2,331 (2.2) 529 (2.5)

Family history of diabetes

No 120,830 (95.9) 37,880 (96.3) 51,920 (95.9) 31,030 (95.5) 100,811 (96.1) 20,019 (95.2)

Yes 5,148 (4.1) 1,470 (3.7) 2,200 (4.1) 1,478 (4.5) 4,144 (3.9) 1,004 (4.8)

Family history of

hypertension

No 83,006 (65.9) 27,215 (69.2) 35,636 (65.8) 20,155 (62.0) 70,314 (67.0) 12,692 (60.4)

Yes 42,972 (34.1) 12,135 (30.8) 18,484 (34.2) 12,353 (38.0) 34,641 (33.0) 8,331 (39.6)

Family history of stroke

No 123,415 (98.0) 38,569 (98.0) 53,130 (98.2) 31,716 (97.6) 103,010 (98.1) 20,405 (97.1)

Yes 2,563 (2.0) 781 (2.0) 990 (1.8) 792 (2.4) 1,945 (1.9) 618 (2.9)

aValues are n (%) unless explained otherwise; CVD, cardiovascular disease.

The chi-square test was used to compare categorical variables and the Kruskal-Wallis test was used to compare continuous variables, and the P-values were <0.01 between all groups,

except BMI for smoker and non-smoker (P= 0.68).
bSmoking, including quitting.
cIQR, interquartile range calculated by Q3-Q1.

Stratified analyses

Non-smokers had lower mortality risk than

smokers among different levels of physical activity,

and this beneficial association became stronger in

people who exercised regularly (Supplementary Table 1).

People who had higher intensity of exercise were

associated with lower mortality risk than people who

never exercised despite varying levels of smoking

(Supplementary Table 2).
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TABLE 2 The hazard ratios for the independent associations of smoking and physical activity on mortality riska.

Person-years

of follow-up

All-cause mortality CVDmortality

Deaths Rate /1,000

person-years

HRb (95% CI) Deaths Rate /1,000

person-years

HRb (95% CI)

Physical activity

Never 317,050 12,041 37.98 1.00 5,993 18.90 1.00

Occasional 405,809 10,085 24.85 0.76 (0.74, 0.78) 4,457 10.98 0.70 (0.67, 0.73)

Regular 281,942 6,124 21.72 0.64 (0.62, 0.66) 2,714 9.63 0.60 (0.57, 0.63)

Smoke

Yes (including

quitting)

164,805 5,281 32.04 1.00 2,102 12.75 1.00

No 839,997 22,969 27.34 0.73 (0.71, 0.76) 11,062 13.17 0.77 (0.73, 0.82)

aCI, confidence interval; CVD, cardiovascular disease.
bAdjusted for age, gender, alcohol drinking, BMI, comorbid diabetes, classification of hypertension, family history of CVD, family history of diabetes, family history of hypertension, family

history of stroke, and mutually for either smoking or physical activity; the product term (physical activity * smoke) was not statistically significant in the models, so it was not included in

the independent effect estimates.

TABLE 3 Joint association of smoking and physical activity with mortality riska.

Measurements Number Person-years

of follow-up

(average

person-years)

All-cause mortality CVDmortality

Deaths (Rate

/1,000

person-years)

Hazard ratio

(95% CI)

Deaths (Rate

/1,000

person-years)

Hazard ratio

(95% CI)

Joint association

Never smoke Regular exercise 26,719 233,231 (8.7) 4,875 (20.90) 1.00 2,240 (9.60) 1.00

Occasional exercise 45,151 339,442 (7.5) 8,133 (23.96) 1.17 (1.13, 1.21) 3,734 (11.00) 1.16 (1.10, 1.22)

Never exercise 33,085 267,324 (8.1) 9,961 (37.26) 1.55 (1.50, 1.61) 5,088 (19.03) 1.65 (1.57, 1.74)

Smoke (include

quitting)

Regular exercise 5,789 48,712 (8.4) 1,249 (25.64) 1.34 (1.25, 1.43) 474 (9.73) 1.24 (1.12, 1.38)

Occasional exercise 8,969 66,367 (7.4) 1,952 (29.41) 1.64 (1.55, 1.73) 723 (10.89) 1.49 (1.36, 1.63)

Never exercise 6,265 49,726 (7.9) 2,080 (41.83) 2.10 (1.99, 2.21) 905 (18.20) 2.19 (2.02, 2.38)

Interaction on

additive scaleb

Estimates (95% CI) Estimates (95% CI)

RERI 0.20 (0.08, 0.33) 0.29 (0.10, 0.49)

AP 0.10 (0.04, 0.15) 0.13 (0.05, 0.22)

S 1.23 (1.08, 1.39) 1.33 (1.10, 1.61)

P-value 0.001 0.003

Interaction on

multiplicative scale

Estimates (95% CI) Estimates (95% CI)

Physical activity *

Smoke

1.00 (0.96, 1.04) 0.97 (0.91, 1.03)

P-value 0.96 0.28

aModels adjusted for age, gender, alcohol drinking, BMI, comorbid diabetes, classification of hypertension, family history of CVD, family history of diabetes, family history of hypertension,

family history of stroke, and the product term (physical activity * smoke).
bRERI, relative excess risk due to interaction; AP, attributable proportion due to interaction; S, synergy index; Additive interactions exist if RERI andAP are unequal to 0, or S is unequal to 1.
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FIGURE 2

Cumulative incidence and corresponding 95% CI of all-cause and CVD mortality by smoke and exercise. Estimation of CVD mortality accounted

for competing risk treating non-cardiovascular deaths as competing events.

Due to the large gender differences in smoking rates (34.44%

in males and 1.11% in females), we calculated joint associations

of smoking and exercise according to different genders. In men

and women, the pattern of combined effects was consistent

Frontiers in PublicHealth 07 frontiersin.org

68

https://doi.org/10.3389/fpubh.2022.1005260
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Yang et al. 10.3389/fpubh.2022.1005260

with that in entire population, but estimates were greater in

men (Table 4). Results in different age groups were also similar.

The joint association of physical activity and smoking on

mortality were also found in individuals aged 80 years and above

(Supplementary Table 3).

Sensitivity analyses

The results of interaction analyses using sex-stratified Cox

regression model with age as time scale were similar to the

primary analyses (Supplementary Table 4). Analyses excluding

people with diabetes and family history of chronic diseases did

not change the results (Supplementary Table 5).

Discussion

We found that regular exercise and never smoking were

associated with lower risk of all-cause mortality and CVD

mortality in an elderly hypertensive population. There was an

additive interaction between smoking and physical inactivity,

with the concurrence of both risk factors was associated with

more than 2-fold risk of death [HR: all-cause 2.10 (1.99–2.21),

CVD 2.19 (2.02–2.38)]. The estimates were more pronounced

in men than in women. Smokers who never exercised had

the greatest risk for mortality among all exposure groups, but

increasing physical activity levels might counteract some of

the extra risks. Although multiplicative interaction was not

significant, we found a tendency that the strength of beneficial

association of non-smoking became stronger among regular

exerciser in stratified analyses.

Additive interaction measures the absolute change of risk,

while multiplicative interaction measures the relative change of

risk. Additive interaction has more public health significance

and is more related to biological interaction (41–43). When

health resources are limited, it is recommended to make

decisions based on additive interaction to maximize the benefits

of intervention (41–43).

Most of the available studies, yet not all, supported a joint

association of smoking and physical activity with mortality. In

US adults, combined effect of smoking and physical inactivity

could significantly advance death by at least 2.4 years, which

was consistent with our study (24). Similarly, a cohort study

from Finland showed that risk of death was higher among

inactive smokers (HR: 3.27, 95% CI: 2.05–5.22), compared with

vigorously active non-smokers (26). A study among white-

collar workers in the UK showed a lower incidence of coronary

heart disease among non-smokers who engage in vigorous

physical activity (4.2%) compared with smokers reporting no

activity (11.5%) (44). However, study by Rehm et al. (45)

indicated no interaction between smoking and exercise, but their

calculated indicators of interaction were insufficient, using only

theMantel-Haenszel test (p> 0.1); the study byO’Donovan et al.

(46) measured additive and multiplicative interactions between

physical activity and smoking in-depth based on surveillance

data of UK households and found a tendency of additive

interaction, but the results were statistically insignificant. Our

study show that smoking and physical inactivity interact on an

additive scale. From the perspective of public health, this means

that prevention of either smoking or physical inactivity not only

reduces the risk of mortality by eliminating the independent

effect of this factor, but also prevents cases caused by the

interaction of these two factors. Health care providers should

ensure that recommendation to promote physical activity and

long-term non-smoking are addressed as part of routine care.

If one already had poor behavior habits, early change of these

habits could be salutary (47).

However, tobacco control in China faced substantial barriers

due to low willingness of smoking cessation (48). China is the

largest consumer of tobacco worldwide. In 2018, China Adult

Tobacco Survey Report showed that smoking rate in China was

26.6%, and the rate among men was 50.5% (49). At present,

smokers’ willingness to quit smoking in China (16.1%) (49)

was much lower than those in other middle and high-income

countries (Canada 81.1%, Australia 75.6%, the UK 65.3%, the US

75.1%) (50). Based on the findings of our study, we can invest

more efforts in promoting physical activity as a way to reduce

mortality risk among smokers.

The following mechanisms may underlie the interaction

between smoking and physical activity: (1) Smoking may

increase the risk of CVD and premature deaths by elevating

blood lipid and oxidative stress levels, while exercise may

help reduce post-prandial oxidative stress in smokers by

increasing the activity of endogenous antioxidant enzymes and

by improving clearance of blood triglyceride and glucose (51).

(2) Increased level of physical activity may help alleviate the

withdrawal symptoms in smokers and increase the success rate

of quitting (52, 53). Quitting smoking would cause weight gain,

which can reduce some people’s motivation to quit, especially

women. And exercise can reduce weight gain (54, 55), activity

restriction, pain, depression, and anxiety after quitting (56). (3)

Smoking may affect lung function and have a negative impact on

exercise capacity (57).

The main strength of this study is the large representative

study sample that including all hypertensive patients aged over

60 years in Minhang District, Shanghai. In Shanghai, individuals

aged over 35 years would be asked to measure blood pressure at

their first medical appointment, which means we can identify

majority of hypertensive patients (58). No previous study has

examined the interaction between smoking and physical activity

in-depth in hypertensive population or aging population, and

this study provides research evidence on these issues using

prospective data.

This study also has some limitations. Firstly, data of smoking

and physical activity were obtained based on register system
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TABLE 4 The joint association of smoking and physical activity on mortality stratified by gendera.

Joint association

of different

exposure

combinations

Male (n = 99,034) Female (n = 113,348)

Deaths

(rate/1,000

person-years)

HR (95% CI) Deaths

(rate/1,000

person-years)

HR (95% CI)

All-cause mortality

Never smoke Regular exercise 2,365 (25.43) 1.00 2,510 (17.90) 1.00

Occasional exercise 3,616 (29.16) 1.20 (1.14, 1.26) 4,517 (20.97) 1.12 (1.07, 1.18)

Never exercise 3,737 (46.41) 1.69 (1.60, 1.77) 6,224 (33.32) 1.44 (1.37, 1.51)

Smoke (including

quitting)

Regular exercise 1,210 (25.65) 1.37 (1.28, 1.47) 39 (25.45) 1.27 (0.92, 1.75)

Occasional exercise 1,895 (29.50) 1.69 (1.58, 1.79) 57 (26.65) 1.27 (0.98, 1.66)

Never exercise 1,986 (41.62) 2.16 (2.03, 2.30) 94 (46.90) 1.78 (1.45, 2.19)

CVDmortality

Never smoke Regular exercise 1,000 (10.75) 1.00 1,240 (8.84) 1.00

Occasional exercise 1,544 (12.45) 1.23 (1.13, 1.33) 2,190 (10.17) 1.10 (1.02, 1.17)

Never exercise 1,781 (22.12) 1.89 (1.75, 2.04) 3,307 (17.70) 1.47 (1.38, 1.57)

Smoke (including

quitting)

Regular exercise 452 (9.58) 1.29 (1.15, 1.45) 22 (14.36) 1.41 (0.92, 2.17)

Occasional exercise 697 (10.85) 1.57 (1.42, 1.74) 26 (12.16) 1.12 (0.76, 1.66)

Never exercise 859 (18.00) 2.34 (2.13, 2.57) 46 (22.95) 1.67 (1.24, 2.25)

aModels adjusted for age, alcohol drinking, BMI, comorbid diabetes, classification of hypertension, family history of CVD, family history of diabetes, family history of hypertension, family

history of stroke, and the product term (physical activity * smoke).

thus the intensity and duration of exposures might be crude,

and we only measured exposures at baseline while they can

change over time; however, such misclassification may have

biased the associations toward null, which means we may have

underestimated the individual and joint associations of smoking

and physical activity. Secondly, the measuring of smoking and

physical activity was self-reported, which may be subject to

recall bias. However, we classified them as dichotomous or

trichotomous variables, which may reduce recall bias to some

extent. Thirdly, this study was unable to control for education

background and all comorbidities that could be confounders,

some diseases may limit exercise ability and also be risk factors

for death, such as heart failure and stroke. But we controlled

for family history of chronic diseases including CVD and

stroke, and sensitivity analyses excluding people with diabetes

and family history of chronic diseases yielded similar results.

Future studies could quantitatively measure the exposures

and regularly monitor their changes to obtain more accurate

estimates. Subsequent studies can monitor the physical activity

level using an accelerometer and define the smoke level with a

more adequate classification. It is also a suggestion to see if there

are differences between different types of physical activities.

Conclusion and clinical implications

Our study suggested that smoking and physical inactivity

together may have amplified association on death compared

to their independent associations, highlighting the importance

of improving behavioral factors in combination. In the

elderly hypertensive population, smokers who never

exercised had the greatest risk for mortality among all

exposure groups, but increasing physical activity levels might

counteract some of the extra risks. Clinically, physicians

should be aware of this increased risk among smokers who

never exercised. Health care providers should ensure that

recommendation to promote physical activity and long-

term non-smoking are addressed as part of routine care,

which may help to prevent cases caused by the interplay

of these two factors. Government should promote primary

prevention strategies that improve behavioral factors in

combination and promoting a comprehensive healthy lifestyle

in hypertensive elderly. And government could invest more

efforts in promoting physical activity as a way to reduce

mortality risk among smokers when tobacco control faced

substantial barriers.
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Introduction: Patients with chronic kidney disease treated with hemodialysis

(HD) have lower cognitive abilities compared to the age-matched healthy

population. Recently, physical exercise and cognitive training have been

presented as possible interventions to improve cognitive abilities both in the

general population and in patients with chronic diseases. To date, there is

no general overview of the current knowledge on how these interventions

a�ect cognitive abilities in HD patients and what tests are used to measure

these e�ects.

Methods: Three electronic databases were searched for randomized

controlled studies of physical exercise or cognitive training interventions that

examined e�ects on cognitive abilities/performance in HD patients.

Results: Six articles were included. All included studies used physical exercise

as an intervention, with one study also including tablet-based cognitive

training. Four studies included an intradialytic approach and two included a

home-based intervention. Intervention lasted. A significant intervention e�ect

was observed in three studies compared with the control condition.

Conclusion: The present review suggests that physical exercisemight improve

or at least notworsen cognitive performance in HDpatients, whereas the e�ect

of cognitive training has not yet been adequately studied. There is a need for

more sensitive and specific cognitive tests to adequately measure the e�ects

of interventions in the HD population.

KEYWORDS

cognitive performance, hemodialysis, physical exercise, cognitive training, cognitive

tests, intervention
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Introduction

It is well-documented that cognitive deficits cause

progression toward dementia (1, 2). This phenomenon is even

more pronounced in clinical populations (3). An example

of a vulnerable population with an increased incidence of

cognitive impairment is patients with kidney disease treated

with hemodialysis (HD). The cognitive decline in HD patients

is not only the result of underlying and concomitant diseases

but can also be attributed to their changed lifestyle after starting

HD. These patients have to travel to a dialysis center every other

day, where they spend 4–5 h in a sedentary position during a

HD procedure. Many reports a post-dialysis burnout and fatigue

lasting for up to 24 h post-dialysis (4). As a result, these patients

are less physically active and activate their mental functions to

a lesser extent. Moreover, in HD patients, diabetes, a common

chronic kidney disease (CKD) comorbidity, was significantly

associated with larger cognitive impairment (5). HD treatment

itself also contributes to a higher risk of developing dementia

by causing ischemic stunning of the brain (6). In addition,

dementia risk factors such as obesity, depression, and social

isolation are common in the HD population.

It was found that only 13% of HD patients have a normal

cognitive function (7). Moreover, clinicians usually fail to

recognize declining cognitive performance in these patients;

therefore, cognitive impairment is critically underestimated

and not appropriately treated (8). It has been reported

that <5% of all patients with kidney disease with cognitive

impairment have been evaluated or received a medical diagnosis

(9). Measurement of cognitive function is not currently

part of the physical examination and medical history of

CKD patients.

Lately, non-pharmacological interventions have been

introduced as possible approaches to mitigate cognitive

decline and dementia (3). Studies that examined the

effect of exercise interventions on cognitive performance

showed conflicting results. A systematic review of exercise

intervention studies on cognition in older adults did not

provide sufficient evidence that exercise affects cognitive

performance (10). Another systematic review concluded that

physical activity could delay the progression of cognitive decline

in the elderly (11). In a recent study, the authors reported

the results of a 6-month aerobic exercise intervention in

older adults (>60 years) on cognitive function. Compared

to control subjects, participants in the training group

showed broad improvement in cognitive abilities, including

processing speed, episodic memory, executive functions, and

updating (12).

In addition to physical activity, cognitive training programs

to improve general and specific cognitive domains are being

increasingly used in research on cognitive decline. A meta-

analysis of 17 controlled interventional trials of computer-

assisted cognitive training in subjects with mild cognitive

impairment showed a moderate effect on general cognition

(13). In community-dwelling older adults, the ACTIVE trial

demonstrated long-term retention of a benefit of 10–14 weeks’

cognitive training with significant improvement in cognitive

abilities and maintenance of functional status after a 10-year

period (14).

Despite the fact that there is a plethora of research

on physical and cognitive interventions, most of the focus

has been on the general population. There is little research

addressing the clinical population. In addition, there is no

systematic review of the effect of physical exercise and cognitive

training that focuses on patients with CKD undergoing HD.

Therefore, the aim of this systematic review was to examine

the effects of non-pharmacological interventions in the form of

cognitive and physical exercise training on different domains of

cognitive performance.

Materials and methods

The review methods and reporting were performed

according to the preferred reporting items in systematic review

and meta-analyses (PRISMA) guidelines (15).

Eligibility criteria

The PICOS search tool (participant, intervention,

comparison, outcome, and study design) was used to determine

keywords (Table 1).

Studies were included in the systematic review if they

met the following criteria: (a) randomized controlled trials,

(b) published in academic journals, (c) written in English,

(d) with participants on hemodialysis and (e) studies that

included physical exercise or cognitive training interventions

with (f) outcome of cognitive performance. Studies were

excluded if study population were CKD patients without kidney

replacement therapy or patients on peritoneal dialysis, animal

studies, and individual case studies.

TABLE 1 “PICOS” items (participants, intervention, comparisons,

outcomes, study designs) used to select keywords.

PICOS item Detail

Participants Hemodialysis patients

Interventions Physical exercise training or/and cognitive training

Comparisons Active or inactive control group

Outcomes Cognitive performance

Study designs RCTs

RCT, randomized controlled trial.
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Search strategy

To identify potentially relevant studies, we performed

a comprehensive literature search in electronic databases

including PsycInfo, PubMed and MEDLINE (Ovid) from

the database’s inception to the final update in August

2022. Medical subject heading (mesh) terms were used, if

available, for a qualitative search of potential studies. Search

strategies utilized a combination of key words to represent

definitions of hemodialysis, cognitive functioning, physical

activity interventions and cognitive training. Terms were

combined using the “AND” and “OR” Boolean operator (for the

full list of search phrases and terms, see Table 2). To increase

the likeliness of including all relevant trials, a backward and

forward search were performed by screening the citations and

references list of the included studies. A flow diagram of the

search is presented in Figure 1.

Study selection and data collection
procedure

Articles from the above databases were checked for

duplicates using EndNote X9. Subsequently, all articles were

TABLE 2 Search strategy.

Literature search

PsycInfo Hemodialysis OR haemodialysis AND cognition OR cognitive function OR cognitive performance OR cognitive abilities OR

cognitive ability

Hemodialysis OR haemodialysis AND cognition OR cognitive function OR cognitive performance OR cognitive abilities OR

cognitive ability AND intervention

Hemodialysis OR haemodialysis AND cognitive training

Hemodialysis OR haemodialysis AND physical activity OR exercise OR fitness OR physical exercise

Hemodialysis OR haemodialysis AND physical activity OR exercise OR fitness OR physical exercise AND intervention

Hemodialysis OR haemodialysis AND cognitive intervention

Renal dialysis AND cognition OR cognitive function OR cognitive performance OR cognitive abilities OR cognitive ability AND

intervention

Renal dialysis AND cognition OR cognitive function OR cognitive performance OR cognitive abilities OR cognitive ability AND

intervention AND physical activity OR exercise OR fitness OR physical exercise

Renal dialysis AND cognition OR cognitive function OR cognitive performance OR cognitive abilities OR cognitive ability

Renal dialysis AND physical activity OR exercise OR fitness OR physical exercise AND intervention

Renal dialysis AND cognitive training

Filters English, academic journals

PubMed Hemodialysis AND cognition [MeSH]

Hemodialysis [MeSH] AND cognitive training

Hemodialysis [MeSH] AND physical activity intervention and cognition [MeSH]

Hemodialysis [MeSH] AND and exercise [MeSH] AND cognition [MeSH]

Renal dialysis [MeSH] AND cognition AND intervention

Renal dialysis [MeSH] AND physical activity AND cognition AND intervention

Renal dialysis [MeSH] AND cognitive training

Renal dialysis [MeSH] AND exercise [MeSH]

Filters English, randomized controlled trials

Medline (OVID) Renal dialysis AND cognition AND exercise

Renal dialysis AND cognitive training

Renal dialysis AND cognitive training OR physical exercise intervention

Hemodialysis OR renal dialysis AND cognitive training

Renal dialysis AND physical acitivity intervention OR fitnes intervention OR physical excercise intervention

Renal dialysis AND cognitive intervention

Renal dialysis AND cognitive intervention OR physical excercise intervention

Renal dialysis AND cognit*

Filters English, academic journals, expand term finder

*Wildcard that finds variant spellings of words.
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FIGURE 1

PRISMA flow diagram.

screened using the Rayyan app (16). In the app, two reviewers

(ŠB and KKM) independently reviewed the titles and abstracts

of each article in a blinded manner. The decision to include an

article was made at the research team meeting. Articles that met

the inclusion criteria underwent quality assessment.

Risk of bias assessment

The quality of the included studies was evaluated using

the revised Cochrane Collaboration’s risk of bias tool (17).

The following biases were evaluated: bias arising from the

randomization process, bias due to deviations from intended

interventions, bias due to missing outcome data, bias in

measurement of the outcome, bias in selection of the reported

result and overall bias. Risk of bias was assessed as low, some

concerns or high for each domain and for overall bias.

Results

Study selection

The flow of studies through the review process is

reported in Figure 1. Automation tools used in databases

were language (English), type of publication (Academic

journals) and if possible study type (randomized controlled

trial). Duplicate records were removed once the search

strategy outputs were combined. Titles and abstracts were

screened to identify studies that administered physical

activity interventions or cognitive training/interventions

to promote cognitive functioning. Full-texts of these

articles were read to see whether full inclusion criteria

were met. All studies that met inclusion criteria were

again screened to determined eligibility for the systematic

literature review.
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Quality assessment

The bias risks are presented using a risk of bias summary

in Figure 2. In the aspects of measurement of outcome, two

of the studies were assessed as high risk (18, 19), in the

aspects of randomization process three of six included studies

were assessed with some concerns (18–20). Three of all

included studies were assessed as low risk on all domains and

overall (21–23).

Study characteristics

The six included studies were published between 2015 and

2021. They included a total of 466 HD patients. Two hundred

fourteen patients received a physical exercise intervention and

seven patients received a cognitive training intervention. The

control group, which received standard treatment or stretching

exercises, consisted of 245 HD patients. The average age of

participants in the included studies ranged from 48 to 75 years.

The youngest patients were in the exercise group of the study

by McAdams-DeMarco et al. (20), and the oldest were in the

control group of the study by Baggetta et al. (18). Two studies

did not report the frequency of exercise. The remaining physical

activity studies reported that exercise was performed three times

per week. The duration of the intervention ranged from 12 to 24

weeks. The characteristics of the included studies are shown in

Table 3.

Two included studies examined the effect of a 6-

month home-based walking program on self-reported cognitive

function as measured by KDQOL-SF (18, 19). In one study,

there was a significant increase in cognitive function (19)

and in the other study the control group experienced a

decline while an experimental group preserved self-reported

cognitive function in older dialysis patients (>65 years) (18). An

intradialytic exercise program in the form of stretching exercises

and cycling significantly improved cognitive performance as

measured by the MMSE in the experimental group compared

to the standard care control group (23). Contraindicatory,

intradialytic resistance exercise (22) and chair stand exercise

program (21) showed no significant effect on cognitive ability

as measured by MoCA and 3MS. Only one included pilot study

examined the effects of cognitive training (20) with 20 HD

patients randomly assigned to a cognitive training group (brain

games on tablet computers, n = 7), an intradialytic cycling

group (n = 6), or to standard treatment group (n = 7). The

intervention lasted 3 months and showed a decline in executive

functions and psychomotor speed in the control group, whereas

the decline was not observed in either the cycling or cognitive

training groups.

Regarding the duration of the intervention, in two studies

(20, 21), the 12-week intervention did not result in significant

improvement in selected cognitive domains. In the remaining

studies, the intervention was delivered for 16 weeks or

longer and showed either significant improvement (19, 23) or

maintenance of cognitive performance compared to the control

group (18, 22).

Cognitive performance/ability was assessed using various

validated cognitive tests/questionnaires: Modified Mini-Mental

State (3MS), Trail-Making Test A and B (TMTA and TMTB),

Kidney Disease Quality of Life Short Form (KDQOL-SF),

Montreal Cognitive Assessment (MoCA), and Mini-Mental

State Examination (MMSE). Brief description of used tests and

questionnaires is offered in Table 4.

The MoCA test is a cognitive screening test that has good

sensitivity (76.7%) and specificity (78.6%) for assessing cognitive

performance in HD patients (29). Another screening test, the

MMSE, showed a sensitivity of 55.2% and specificity of 75% (29).

The 3MS is a modified version of the MMSE, which showed a

sensitivity of 88% and a specificity of 90% as a screening test for

dementia in a study of elderly residents (30). In a study by Dobbs

and Shergill (31) examining the predictive power of the TMT for

FIGURE 2

Risk of bias summary.
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TABLE 3 Characteristics of included studies.

Study Sample size Age (mean ± SD) Intervention Duration Measures Outcomes

McAdams-

DeMarco et al.

(20)

CT= 7

EX= 6

CON= 7

CT= 48.9± 12.2

EX= 48.0± 7.0

CON= 55.0± 9.7

CT= intradialytic cognitive

training

EX= intradialytic cycling CON=

standard care

3x/week

12 weeks

3 MS TMTA TMTB 3MS (score) mean change from baseline

CT: −3.4 (9.2); p = 0.24; ES = −0.36 EX: 4.3 (5.4); p = 0.17;

ES=+0.7

CON:−0.1 (7.0); p= 0.96; ES=−0.01

TMTA (s) mean change from baseline

CT:−0.2 (14.7); p= 0.98; ES=−0.01

EX:−2.5 (9.3); p= 0.77; ES=−0.15

CON: 15.0 (25.8); p= 0.055; ES=+0.76

TMTB (s) mean change from baseline

CT: 0.6 (29.1); p= 0.97; ES=+0.02

EX:−8.9 (24.4); p= 0.63; ES=−0.46

CON: 47.4 (45.7); p= 0.006; ES=+1.1

Manfredini et al.

(19)

EX= 104 CON

= 123

EX= 63± 13

CON= 64± 14

EX= walking exercise program

CON= standard care

24 weeks KDQOL-SF

cognitive function

Change from baseline (range)

EX:+0.3 (−3.2 to 3.8); p= 0.87; ES=+0.03

CON:−6.4 (−11.9 to−0.9); p= 0.02; ES=−0.44

Changes between groups (range)−6.7 (−13.2 to−0.2); p

(EX vs. CON)= 0.04

Matsufuji et al. (21) EX= 15

CON= 17

EX= 69± 11

CON= 69± 13

EX= chair stand exercise

CON= stretch exercise

EX: 3x/week

CON: 1x/week

12 weeks

3MS Change from baseline (range)

EX: 6 (0–17)

CON: 2 (−5 to 12)

Comparison between groups p= 0.40

Nakamura-Taira

et al. (22)

EX= 21

CON= 21

EX= 74.9± 2.23

CON= 72.57± 2.26

EX= intradialytic resistance

exercise

CON= stretch exercise

3x/week

24 weeks

MoCA Result at baseline and after 24 weeks

EX: 18.45± 0.63 (baseline), 18.87± 0.71 (at 24 weeks); ES=

+0.63

CON: 18.48 ± 0.77 (baseline), 18.09± 0.94 (at 24 weeks); ES

=−0.45

Comparison between groups

SMD= 0.86 95% CI= 0.23–1.5

ES=−0.13

p > 0.05

Stringuetta Belik

et al. (23)

EX= 15

CON= 15

EX= 50.3± 17.24

CON= 57.8± 15.01

EX= intradialytic stretch exercises

and cycling

CON= standard care

3x/week

16 weeks

MMSE Result at baseline and after 16 weeks

(Continued)
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TABLE 4 Description of cognitive tests/questionnaires.

Test/questionnaire Description

Trail-making test A

and B (TMTA and

TMTB)

TMT is a neuropsychological test that involves

visual attention and task switching. It offers

information about mental flexibility, visual search

speed, speed of processing and executive

functioning (24).

Kidney disease

quality of life short

form (KDQOL-SF)

KDQOL-SF offers disease specific quality of life

measure for patients with end-stage renal disease.

It includes generic and disease specific

components. The scales of KDQOL-SF are:

symptoms, effects of kidney disease, burden of

kidney disease, work status, cognitive function,

quality of social interaction, sexual function, sleep,

social support, dialysis staff encouragement and

patient satisfaction (25).

Montreal cognitive

assessment (MoCA)

MoCA test is screening instrument for mild

cognitive disfunction, and it offers information

about cognitive domains of attention and

concentration, executive functioning, memory,

language, orientation, visuospatial abilities,

conceptual thinking and orientation (26).

Mini-mental state

examination

(MMSE)

MMSE is a set of 11 tasks that can be used for

assessing cognitive impairment (27). If offers a

brief assessment of several cognitive domains:

orientation, memory, attention, calculation,

language and constructional ability.

Modified

mini-mental state

(3MS)

3MS is modified MMSE, it includes four

additional items, and it extends scoring range. It

can be used as a brief cognitive assessment or as a

screening test. It offers a brief assessment of

following cognitive domains: orientation,

attention, concentration, calculation, language

abilities, long-term and short-term memory,

abstract thinking, and verbal fluency (28).

driving performance, the TMTA had a sensitivity of 77% and a

specificity of 62%, while the TMTB had a sensitivity of 50% and a

specificity of 88%. The cognitive domain of the KDQOL-SF had

poor sensitivity (range, 28–36%) and modest specificity (range,

77–81%) for identifying poorer memory and executive function

in the HD population (32).

Discussion

In the present review, we highlighted the effects of non-

pharmacological interventions (physical exercise or cognitive

training) on cognitive performance in HD patients. In addition,

we presented and described the cognitive tests used in the

included studies. The results of a limited number of studies
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show that physical exercise may significantly improve cognitive

performance or at least mitigate cognitive decline in HD

patients. Furthermore, there is insufficient evidence to conclude

that cognitive training can attenuate cognitive decline in

this population.

Lower cognitive functioning is often seen in HD patients

(33–35). It has been documented that impaired cognitive

abilities limit the ability to adhere to dialysis activities,

make informed decisions, follow food and fluid restrictions,

and are a risk factor for mortality in HD patients (36–

39). Therefore, the recognition of poor cognitive function

is crucial for the implementation of prevention and coping

strategies to delay patients’ cognitive decline. Furthermore,

it is well-known that HD patients have poorer physical

function compared to healthy individuals (40) and are mostly

physically inactive (41), leading to a decreased quality of life

(42). A growing number of randomized controlled trials of

exercise training in the HD population show improvement

in physical performance (43–46), dialysis symptoms (47),

bone mineral density (48, 49), dialysis adequacy (50, 51),

and quality of life (52). The highest adherence to physical

exercise programs was observed in interventions performed

during dialysis (53–55) and these interventions generally appear

safe. Notwithstanding the positive effects of physical exercise

mentioned above, randomized controlled trials investigating the

effects on cognitive performance in HD patients are lacking.

However, the limited number of studies included in this review

suggests that patients may also benefit in this area.

There are several reasons for the positive association

between physical activity and improved cognitive performance.

Physical activity has been found to prevent cerebral atrophy

or even increase hippocampal volume (56). Furthermore, a

recent review found that up to 82% of total brain gray matter

volume can be altered by physical activity (57). People in good

physical condition can tolerate a higher neuropathological load

without suffering cognitive impairment (58). The association

between a low cognitive score and high risk or incidence of

injury indicates a direct relationship between higher cognitive

control and executive function (59, 60). Physical exercise may

also have a positive effect on patients’ cognitive performance

by reducing inflammation and thus improving brain plasticity

(61, 62). The results of the present review support the findings of

the aforementioned studies in HD patients and contribute to the

understanding of the relationship between physical exercise and

cognitive performance in this population.

Cognitive training is another non-pharmacological

intervention that has received attention in the scientific

community. In healthy older adults, cognitive training

prevented cognitive decline in executive functions, including

working memory, abstracting ability, attentional control,

inhibitory control, and verbal reasoning (63–65). Studies

investigating cognitive training approaches to combat cognitive

decline in HD patients are lacking.

This systematic review has its pitfalls, mainly related to

the limitations of the included studies. Limitations include

the small number of eligible studies, the small sample

size of most included studies leading to low statistical

power and possibly associated with potential imbalances

in the study groups. The appropriateness of cognitive tests

used to measure intervention effects is questionable. The

instruments used in the included studies (3MS, MoCA,

MMSE, KDQOL-SF) are predominantly screening tests to

detect mild cognitive impairment, which are vulnerable

to learning effects and may lack sensitivity and specificity

(32, 66, 67). Therefore, the aforementioned tests are not the best

option to detect the effects of the training interventions

presented. Future studies should consider using more

sensitive and specific tests instead of using tests that only

measure global cognitive performance and are subject to the

learning effect. It is proposed to develop a neurocognitive

battery to systematically assess various cognitive abilities.

Suggested cognitive tests with low learning effect, high

sensitivity, validity, and reliability could be the Symbol Digit

Modalities Test (SDMT), the Computerized Test of Attentional

Performance (TAP), and the Trail Making Test (TMTA and

TMTB) (24, 68, 69).

This is the first systematic review to demonstrate the

effect of non-pharmacological interventions in the form of

physical exercise and cognitive training in HD patients. It also

provides insight into the instruments used to measure cognitive

performance. These results from a small number of studies

suggest that physical exercise training may have a positive

effect on cognitive performance in HD patients. The effects of

cognitive training or a combination of both approaches should

be further investigated (70). Intra-dialysis period provides a

unique opportunity to study these effects. Patients could use the

time spent during the HD session to replace passive activities

with activities that benefit their cognitive status. Research

in nephrology has only begun to examine the short-term

effects of exercise and cognitive training on cognition. Further

studies are needed to replicate these findings and to investigate

different strategies to maintain or improve cognitive function

not only in HD patients but also in pre-dialysis CKD patients

and in transplant recipients. In addition, long-term outcomes

such as prevention of dementia should also be investigated.

Furthermore,more sensitive and reliable instruments are needed

to evaluate the effects of interventions on cognitive performance

in this population.
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51. Bogataj Š, Pajek J, Buturović Ponikvar J, Pajek M. Functional training
added to intradialytic cycling lowers low-density lipoprotein cholesterol and
improves dialysis adequacy: a randomized controlled trial. BMC Nephrol. (2020)
21:352. doi: 10.1186/s12882-020-02021-2

52. Barcellos FC, Santos IS, Umpierre D, Bohlke M, Hallal PC. Effects of exercise
in the whole spectrum of chronic kidney disease: a systematic review. Clin Kidney
J. (2015) 8:753–65. doi: 10.1093/ckj/sfv099

53. Johansen KL. Exercise in the end-stage renal disease population. J Am Soc
Nephrol. (2007) 18:1845–54. doi: 10.1681/ASN.2007010009

54. Sheng K, Zhang P, Chen L, Cheng J, Wu C, Chen J. Intradialytic exercise in
hemodialysis patients: a systematic review andmeta-analysis.Am J Nephrol. (2014)
40:478–90. doi: 10.1159/000368722
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Association between sedentary
behavior, physical activity, and
cardiovascular disease-related
outcomes in adults—A
meta-analysis and systematic
review

Zhi-de Liang1, Meng Zhang2, Chuan-zhi Wang3, Yang Yuan1*

and Jing-hong Liang4*

1Cancer Institute of The A�liated Hospital of Qingdao University and Qingdao Cancer Institute,
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3Department of Physical Education, College of Physical Education, Qingdao University, Qingdao,

China, 4Department of Maternal and Child Health, School of Public Health, Sun Yat-sen University,

Guangzhou, China

Background: Sedentary behavior (SB) and physical activity (PA) are modifiable

risk factors for cardiovascular disease (CVD); however, previous research on

the e�ects of PA and SB on CVD has been relatively homogeneous. Our study

investigated the association between PA, SB, and CVD-related outcomes.

Methods: A comprehensive search strategy was conducted in the MEDLINE,

Embase, Cochrane Library, and Web of Science databases from their inception

to September 2022. We identified eligible studies according to PICOS: the

populations comprised healthy adults, the interventions or exposures were PA

or SB, the outcomes were CVD-related outcomes, and the study designs were

randomized controlled trials (RCTs) and longitudinal studies (LS). Outcomes

were pooled using fixed or random e�ects models, and the quality of individual

studies was assessed by the Cochrane Risk of Bias Instrument and the

Newcastle Ottawa Scale.

Results: A total of 148 RCTs and 36 LS were included, comprising a total

of 75,075 participants. The study quality was rated as low to moderate. We

found an increased hazard ratio (HR) for CVD in the population with SB

(HR= 1.34; 95% confidence interval [CI]: 1.26 to 1.43; I2 = 52.3%; Pheterogeneity
< 0.001, randommodel) and a decreased HR for CVD in those who performed

long-term PA (HR = 0.71; 95% CI: 0.66 to 0.77; I2 = 78.0%, Pheterogeneity <

0.001, random model). Long-term PA improved the lipid profiles in healthy

adults; participants in this group exhibited increased high-density lipoprotein

(weighted mean di�erence [WMD] = 2.38; 95% CI: 1.00 to 3.76; I2 = 84.7%;

Pheterogeneity < 0.001, randommodel), decreased triglycerides (WMD=−7.27;

95% CI: −9.68 to −4.87; I2 = 0%, Pheterogeneity = 0.670, fixed model), and

lower total-cholesterol (WMD = −6.84; 95% CI: −9.15 to −4.52; I2 = 38.4%,

Pheterogeneity < 0.001, random model).
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Conclusions: Long-term SB increases the risk of CVD in healthy adults,

whereas PA reduces the risk of CVD and improves indicators associated with

CVD. However, the ability of PA to improve blood lipids appeared to be limited.

The detailed association of SB and PA on CVD needs to be further investigated

in the future.
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Introduction

Cardiovascular disease (CVD) is a general term for a

group of cardiovascular disorders, including coronary heart

disease (CHD), heart failure (HF), aortic atherosclerosis,

cerebrovascular disease, and peripheral artery disease (1).

The advancement of medical technology and the dramatic

improvement of the health environment have greatly reduced

the mortality rate from infectious diseases and substantially

increased life expectancy. In developed countries as well as some

developing ones, chronic diseases, especially CVD, have become

the leading cause of death (2). For example, in China, CVD

accounts for 40% of deaths in the Chinese population (3), and

the incidence of CVD increased by 14.7% between 1990 and

2016 (4).

The causes of CVD are multifactorial, and many CVD risk

factors are not modifiable; these include age, gender, race, and

family history of heart disease. However, other risk factors

are modifiable; these include smoking, alcohol abuse, obesity,

physical inactivity, a sedentary lifestyle, diet, hypertension,

diabetes, and dyslipidemia (5, 6). Sedentary behavior (SB) is

defined as spending waking hours in a sitting, reclined, or lying

position and is characterized by low energy expenditure (≤1.5

metabolic equivalents for task [METs]) (5). Several studies have

demonstrated that SB is a major modifiable risk factor for CVD

(7–9), and sitting for more than 6 h per day is associated with

an increased risk of 12 common chronic diseases. However,

replacing sitting time with physical activity (PA) of varying

intensities may reduce the risk of these chronic diseases (10).

Therefore, PA has been proposed as an alternative strategy

to improve quality of life and reduce the risk of CVD (11).

The World Health Organization defines PA as “any physical

movement produced by skeletal muscle that results in energy

expenditure,” and PA can be categorized into different types

depending on the exercise mode, intensity, frequency, and

duration (12). A meta-analysis comparing the effects of five

types of PA on cardiometabolic health in people who were

obese or overweight found that all types of PA played a key

role in improving cardiometabolic health (13). Another meta-

analysis demonstrated that PA reduced fatigue in patients with

cancer and those who had received hematopoietic stem cell

transplants (14). Other studies have revealed that PA reduces

mortality, improves the quality of life of patients with CVD,

and protects against damage at the early stages of myocardial

infarction (15, 16).

Although previous studies have shown that PA can

significantly improve the quality of life of patients with CVD

(17, 18), research in this area is still insufficient. First, the

results of previous studies on the association between CVD

and PA are limited because they have focused primarily on

cardiovascular mortality (CVM); few studies have investigated

other CVD-related outcomes (19, 20). Therefore, the present

study examined the effects of PA on all CVD outcomes to help fill

the knowledge gap resulting from the one-sidedness of previous

studies, and it aimed to elucidate the different effects of PA on

CVM and other CVD outcomes. Second, several studies have

found that PA reduces the risk of cardiovascular disease, but

they did not distinguish between the age, region, and economic

status of the participants (21). Third, the size and diversity of

populations investigated in previous studies have been limited,

including those with underlying diseases, and further research is

needed to ensure that these findings are generalizable to healthy

people (22). Fourth, CVD is a chronic disease that requires

evidence not only from randomized controlled trials, but also

from longitudinal studies, but previous studies have focused on

only one of these (23, 24). Therefore, combining these two types

of evidence can better analyze the association between PA, SB

and CVD. Moreover, the number of published studies on the

effects of SB and PA on CVD has increased significantly in recent

years (25, 26). However, because of the increased volume of data,

updated reviews are needed to provide more reliable evidence.

Therefore, we conducted a comprehensive systematic review

and meta-analysis of the literature to characterize and quantify

the association between PA, SB, and CVD-related outcomes.

Methods

This meta-analysis was conducted following the

recommendations of the Cochrane Collaboration Handbook

(27) and the framework for meta-analysis of longitudinal studies

in epidemiology (28). No ethical approval or patient consent
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was required because all analyses were performed using data

from previous studies.

Search strategies and study selection

To identify publications on PA and SB in healthy adults,

an exhaustive, strategic literature search of the MEDLINE,

Embase, Cochrane Library, and Web of Science databases was

conducted from their inception until September 2, 2022. The

search strategy did not include any restrictions and consisted

mainly of medical subject headings associated with keywords,

free words, and Boolean operators. The detailed search strategy

is described in the Appendix (p. 1); in brief, the following

search terms were used: “cardiovascular disease,” “sedentary

behavior,” “adults,” “exercise,” “training,” “physical activity,”

“aerobic exercise,” “triglyceride,” “glucose,” “lipoproteins,” and

“randomized controlled trial.”

In addition, a recursive search for relevant publications

was conducted by manually searching the bibliographic lists

of similar reviews and large professional conferences. At

least two investigators (ZM and LZ) performed the study

selection and data extraction independently, and discrepancies

that arose during the process were resolved by consulting

a third investigator (YY). Title and abstract screening was

used to eliminate duplicates, reviews, and irrelevant studies.

Subsequently, potentially eligible studies were screened, and

their full text was downloaded; those that could not be

downloaded in full were excluded. The selected citations were

independently cross-checked for completeness and accuracy by

two investigators. All citations were managed and analyzed with

EndNote X9 software (Thompson ISI Research Soft, Clarivate

Analytics, Philadelphia, Philadelphia, USA).

Inclusion and exclusion criteria and data
abstraction

Studies that met the following eligibility criteria

were included.

Population

Participants were healthy adults aged 18 years or older;

were physically independent; had no current cardiovascular or

other significant medical conditions; had no history of medical

conditions preventing them from participating in the exercise

intervention; were not currently taking any medications; and

had not engaged in regular PA in the past 1–2 years according

to a physician report or self-report (obtained through a standard

diagnostic interview).

Interventions and exposure

Studies on PA interventions in healthy adults were included.

All participants received the PA intervention at least twice a

week for at least 8 weeks, as recommended by the American

College of Sports Medicine Guidelines (29). PA was defined as

any type of body activity that resulted in energy expenditure

(12). The specific breakdown of PA types was as follows (30,

31): (1) Aerobic exercise (AE), defined as exercise to improve

cardiovascular health, including walking, running, and cycling.

(2) Resistance exercise (RE), defined as exercise to increase

muscle strength, such as using elastic bands and dumbbells. (3)

Multicomponent exercise (ME), defined as a combination of at

least two exercise types, such as AE, RE, and balance training;

and (4) Mind–body exercise (MBE), defined as exercise to

improve participants’ physical and mental coordination through

awareness exercises, such as Tai chi, yoga, and dance. In the

interventions described above, PA was performed with and

without supervision.

In addition, longitudinal studies on SB and PA in healthy

adults were included to investigate the association between PA,

SB, and CVD events (fatal or non-fatal). SB was defined as

waking behavior characterized by low energy expenditure (≤1.5

METs) (5), including sitting or reclining at leisure, at work,

in traffic, and at home. SB and PA time was obtained by a

standardized questionnaire or self-report. If more than two PA

or SB levels were present in a study, they were categorized into

two groups—high PA or SB and low PA or SB—and the low PA

or SB group was considered the reference category.

Comparators

The comparators included a non-exercise control group,

a health education group, and a group that maintained their

current lifestyle.

Outcomes

The primary outcomes of randomized controlled trials

(RCTs) were lipid levels (triglycerides [TGs], total cholesterol

[TC], high-density lipoprotein [HDL], and low-density

lipoprotein [LDL]), and various clinical measures were used to

assess changes in these metrics from baseline to endpoint. The

secondary outcomes were other indicators related to CVD risk

factors, namely body mass index (BMI), systolic blood pressure

(SBP), diastolic blood pressure (DBP), and blood glucose.

For longitudinal studies, any type of CVD incidence or

mortality was selected as the primary outcome; this indicator

was included in most studies and was considered an appropriate

choice for acceptability.
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Study design

Our study included all types of randomized controlled trials

(RCTs), and to further explore the effect of SB and PA on CVD

incidence, population-based longitudinal studies (including any

type of prospective cohort or retrospective cohort study) were

also included; no restrictions were placed on publication date,

race, or region. Studies were excluded if (1) the study type

was a systematic review, meta-analysis, or protocol; (2) the

full text of the data analysis or data details were not available;

or (3) the intervention method was a combination of PA and

other methods.

Outcome measurement and quality
assessment

The following key information was extracted: first author;

year of publication; source; intervention or follow-up time;

intervention dose; study type; sample size; and baseline

characteristics of the participants, such as age and gender. If the

baseline data were not available in the text, they were obtained

by contacting the corresponding author.

The quality of the RCT was independently assessed by two

reviewers (ZM and ZD) according to the Cochrane Risk of

Bias tool (32), which consists of seven items: random sequence

generation; allocation concealment; participant and personnel

blinding; outcome assessment blinding; incomplete outcome

data; selective reporting and other biases; and items judged as

having high risk, low risk, and unclear risk.

All prospective and retrospective studies were evaluated by

the Newcastle–Ottawa Scale (NOS), which consists of three

main items: patient selection, comparability of the intervention

and observation groups, and assessment of outcomes. Studies

with NOS scores ≥7 were considered high-quality (33, 34).

Two reviewers scored each study independently, and in cases of

disagreement, a third reviewer reviewed their assessments.

Statistical analyses

A traditional paired meta-analysis was conducted for the

trials that satisfied the inclusion criteria (27). For the results

of continuous variables, baseline and terminal mean differences

and standard deviation (SD) were extracted; if they were not

provided, different methods were used to convert the data to a

standard format (35, 36). If the study was a multi-arm RCT, all

PA and control group data were extracted. A quantitative pooled

analysis was performed according to a fixed-effects model

(inverse variance), and forest plots were constructed to derive

the weighted mean difference (WMD) and 95% confidence

interval (CI); if heterogeneity existed, a random effects model

was used (D-L heterogeneity approach) (27). Hazard ratios

(HRs) and their 95% CIs were included as pooled effects for the

longitudinal studies. Because such variables must be symmetric

and follow a normal distribution, logarithmic transformation

was performed, and a random effects model was then used to

explain the effects of between-study heterogeneity (37).

The presence of heterogeneity was determined by examining

the forest plots and I2 statistics according to the latest version

of the Cochrane Handbook (27). I2 statistics were used to

assess statistical heterogeneity, with estimates of 25, 50, and 75%

indicating mild, moderate, and high heterogeneity, respectively;

a P-value of < 0.1 was considered statistically significant (38,

39). Sensitivity analyses and a series of subgroup analyses

were performed to identify the sources of heterogeneity by

statistical methods, and the literature-by-deletion method was

employed to analyze sensitivity. Funnel plots were used to

check for publication bias, which mainly arises from publication

bias, selective reporting, or other sources. Finally, Egger’s

tests were carried out to quantitatively evaluate whether the

studies had publication bias, and P < 0.05 indicated the

absence of publication bias (40). To explore the sources

of heterogeneity and the relationships of primary outcomes

in different conditions, a subgroup analysis was performed;

variables of interest included the region (the U.S. vs. other

countries; developed vs. developing countries), the intervention

time or follow-up time (≤12 weeks vs. >12 weeks or ≤10

years vs. >10 years, respectively), age (≤60 years vs. >60

years), quality of the literature (NOS <7 vs. NOS ≥7), gender

distribution (male ≥ female vs. male < female), sample size

(≤10000 vs. >10000), CVD outcomes (fatal vs. non-fatal), year

of publication (≤2015 vs. >2015; ≤2016 vs. >2016), SB vs. no

SB, and PA type (AE, RE, ME, and MBE). The above analyses

were performed in STATA software version 15.1 (Stata, Corp,

College Station, Texas, USA).

Results

Study selection and characteristics of the
included studies

We obtained 75,075 studies from the database and identified

42 studies through other sources; of these, 4,544 studies were

excluded because of duplication, and 70,184 were excluded on

the basis of their titles and abstracts. After full-text screening

of the remaining 347 studies, a total of 163 publications were

excluded for the following reasons: 37 studies did not meet the

study type criteria; 56 studies did not have appropriate outcomes

or did not provide data that could be analyzed; 46 studies

included participants that did not satisfy the inclusion and

exclusion criteria (patients with underlying diseases, younger

than 18 years, or currently taking medication); and 24 studies

included interventions other than PA. Ultimately, we included

184 studies, of which 148 were RCTs and 36 were longitudinal
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FIGURE 1

Literature review flowchart. LS, Longitudinal studies; PA, physical activity; RCT, randomized controlled trial; SB, sedentary behavior; WOS, web

of science.

studies (Supplementary Table S1). Three longitudinal studies

assessed both PA and SB. The study selection process is shown

in Figure 1.

A total of 1,011,473 participants aged between 18 and 100

years old were recruited in the 184 included studies; 8,166

and 1,003,307 participants were included in the RCTs and

the longitudinal studies, respectively. The proportion of male

participants was lower than that of female participants (males

in RCTs: 2,686 [32.9%]; males in longitudinal studies: 412,519

[41.1%]). The intervention duration in the RCTs ranged between

8 weeks and 24 months, and the mean follow-up time in the

longitudinal studies was 11.4 years. Participants were mainly

recruited in Europe (N = 61, 33.2%) and North America (N

= 55, 31.5%). We extracted several indicators related to CVD

risk from the RCTs, including BMI (N = 89), blood pressure

(SBP: N = 65, DBP: N = 63), blood lipids (TGs: N = 76, TC:

N = 79, HDL: N = 84, LDL: N = 78), and blood glucose (N

= 65). The demographic characteristics of the included studies

are summarized in Supplementary Table S1. Subgroup analyses

of the main outcomes are shown in Table 1.

And the forest plots and funnel plots of all outcomes will be

presented in the Appendix (p. 23–37).

Quality of the included studies

Of the 148 RCTs, 36 had a low risk of bias in random

sequence generation, 17 had a low risk of selection bias,

18 had a low risk of performance bias, and 27 had a low

risk of detection bias. Only six studies had a high risk of
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TABLE 1 Outcomes and subgroup analysis based on indicators related to CVD.

Type of research and

meta–analyses variables

Number of studies

(included multi–arm

study)

Number of

participants

Weighted mean

difference

Heterogeneity

Intervention CG I2(%) P

RCT

Primary

Lipids TG 76 2,386 2,272 −7.27 (−9.68 to−4.87) 0 0.670

TC 79 2,298 2,214 −6.84 (−9.15 to−4.52) 38.4 <0.001

HDL 84 2,568 2,450 2.38 (1.00 to 3.76) 84.7 <0.001

LDL 78 2,435 2,322 −5.80 (−8.04 to−3.57) 65.5 <0.001

Secondary outcomes

Others BMI 89 3,204 3,016 −0.36 (−0.43 to−0.30) 0 0.998

SBP 65 1,820 1,680 −3.63 (−4.62 to−2.64) 58.0 <0.001

DBP 63 1,759 1,614 −2.25 (−2.94 to−1.56) 51.3 <0.001

GlU 65 1,743 1,670 −4.40 (−5.44 to−3.36) 86.5 <0.001

Subgroup analysis based on TG

Region Overall 76 2,386 2,272 −7.27 (−9.68 to−4.87) 0 0.670

Developing countries 13 346 345 −13.83 (−19.88 to−7.79) 0 0.665

Developed countries 63 2,040 1,927 −6.04 (−8.66 to−3.41) 0 0.727

Intervention time Overall 76 2,386 2,272 −7.27 (−9.68 to−4.87) 0 0.670

≤12weeks 41 1,026 944 −7.74 (−11.11 to−4.37) 12.1 0.228

>12weeks 35 1,360 1,328 −6.79 (−10.23 to−3.35) 0 0.929

Published year Overall 76 2,386 2,272 −7.27 (−9.68 to−4.87) 0 0.670

≤2015 54 1,651 1,582 −9.30 (−12.46 to−6.15) 0 0.522

>2015 22 735 690 −4.34 (−8.16 to−0.71) 0 0.884

Age Overall 75 2,366 2,224 −7.31 (−9.72 to−4.90) 0 0.653

≤60 54 1,782 1,596 −6.27 (−9.24 to−3.30) 0 0.928

>60 21 584 628 −9.33 (−13.45 to−5.20) 30.4 0.076

Male to female ratio Overall 72 2,264 1,982 −7.26 (−9.744 to−4.77) 0 0.555

Female<male 51 1,685 1,483 −6.34 (−9.40 to−3.28) 0 0.495

Male≥female 21 579 499 −9.03 (−13.29 to−4.78) 0 0.574

Sedentary Overall 76 2,386 2,272 −7.27 (−9.68 to−4.87) 0 0.670

Yes 45 1,472 1,438 −7.18 (−10.31 to−4.04) 0 0.918

No/NR 31 914 834 −7.41 (−11.16 to−3.65) 17.8 0.163

Exercise type Overall 76 2,386 2,272 −7.27 (−9.68 to−4.87) 0 0.670

AE 55 1,550 1,455 −6.99 (−10.04 to−3.94) 0 0.525

RE 16 314 303 −10.02 (−16.36 to−3.68) 0 0.823

ME 16 499 491 −6.80 (−12.15 to−1.45) 10.6 0.332

MBE 2 23 23 −3.40 (−16.84 to−10.04) 10.0 0.292

Subgroup analysis based on TC

Region Overall 79 2,298 2,214 −6.84 (−9.15 to−4.52) 38.4 <0.001

Developing countries 15 385 382 −11.03 (−18.47 to−3.60) 64.0 <0.001

Developed countries 64 1,913 1,832 −5.93 (−8.08 to−3.78) 19.3 <0.1

Intervention time Overall 79 2,298 2,214 −6.84 (−9.15 to−4.52) 38.4 <0.001

≤12weeks 43 1,054 971 −7.72 (−11.56 to−3.89) 45.7 <0.001

>12weeks 36 1,244 1,243 −6.06 (−8.79 to−3.33) 27.0 <0.1

Published year Overall 79 2,298 2,214 −6.84 (−9.15 to−4.52) 38.4 <0.001

≤2015 56 1,720 1,681 −6.82 (−9.54 to−4.09) 38.0 <0.01

>2015 33 578 533 −6.84 (−11.24 to−2.45) 39.2 <0.1

(Continued)
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TABLE 1 (Continued)

Type of research and

meta–analyses variables

Number of studies

(included multi–arm

study)

Number of

participants

Weighted mean

difference

Heterogeneity

Intervention CG I2(%) P

Age Overall 77 2,269 2,188 −6.54 (−8.83 to−4.26) 36.8 <0.001

≤60 54 1,641 1,509 −6.81 (−9.40 to−4.22) 31.9 <0.01

>60 23 628 679 −6.56 (−11.41 to−1.70) 48.2 <0.01

Male to female ratio Overall 75 2,067 1,915 −6.99 (−9.37 to−4.60) 37.6 <0.001

Female<male 51 1,557 1,465 −6.52 (−9.49 to−3.55) 43.5 <0.001

Male≥female 24 510 450 −8.47 (−12.38 to−4.56) 20.4 0.164

Sedentary Overall 79 2,298 2,214 −6.84 (−9.15 to−4.52) 38.4 <0.001

Yes 48 1,462 1,423 −5.05 (−7.92 to−2.19) 31.1 0.011

No/NR 31 836 791 −9.31 (−12.96 to−5.67) 41.5 0.004

Exercise type Overall 79 2,298 2,214 −6.84 (−9.15 to−4.52) 38.4 <0.001

AE 58 1503 1417 −5.70 (−8.53 to−2.88) 35.4 <0.01

RE 16 306 296 −8.77 (−16.51 to−1.04) 53.1 <0.01

ME 17 466 478 −8.58 (−13.32 to−3.84) 34.5 <0.1

MBE 2 23 23 −14.39 (−34.10 to 5.32) 62.4 0.103

Subgroup analysis based on HDL

Region Overall 84 2,568 2,450 2.38 (1.00 to 3.76) 84.7 <0.001

Developing countries 18 406 406 2.34 (0.77 to 3.90) 27.3 0.117

Developed countries 76 2,162 2,044 2.35 (0.68 to 4.01) 87.2 <0.001

Intervention time Overall 84 2,568 2,450 2.38 (1.00 to 3.76) 84.7 <0.001

≤12weeks 45 1,150 1,058 2.28 (−0.16 to 4.72) 89.3 <0.001

>12weeks 39 1,418 1,392 2.43 (1.04 to 3.83) 70.4 <0.001

Published year Overall 84 2,568 2,450 2.38 (1.00 to 3.76) 84.7 <0.001

≤2015 60 1,790 1,715 2.83 (0.95 to 4.71) 88.0 <0.001

>2015 24 778 735 0.95 (−0.18 to 2.08) 26.0 0.101

Age Overall 83 2,548 2,433 2.34 (0.96 to 3.72) 84.6 <0.001

≤60 59 1,898 1,731 2.07 (1.05 to 3.10) 56.6 <0.001

>60 24 650 702 2.90 (−1.50 to 7.31) 94.7 <0.001

Male to female ratio Overall 82 2,346 2,160 2.63(1.17 to 4.08) 85.2 <0.001

Female<male 58 1,722 1,620 2.43 (0.37 to 4.49) 89.0 <0.001

Male≥female 24 624 540 2.76 (1.53 to 3.98) 32.9 <0.100

Sedentary Overall 84 2,568 2,450 2.38 (1.00 to 3.76) 84.7 <0.001

Yes 47 1,515 1,474 1.17 (−0.75 to 3.09) 85.5 <0.001

No/NR 37 1,053 976 3.84 (1.90 to 5.80) 82.1 <0.001

Exercise type Overall 84 2,568 2,450 2.38 (1.00 to 3.76) 84.7 <0.001

AE 61 1715 1590 2.71 (0.79 to 4.64) 88.6 <0.001

RE 19 362 353 3.37 (1.09 to 5.66) 43.4 <0.1

ME 18 468 484 0.49 (−2.06 to 3.04) 75.8 <0.001

MBE 2 23 23 0.45 (−8.15 to 9.04) 55.9 0.132

Subgroup analysis based on LDL

Region Overall 78 2,435 2,322 −5.80 (−8.04 to−3.57) 65.5 <0.001

Developing countries 14 354 357 −7.68 (−12.85 to−2.52) 58.8 <0.1

Developed countries 64 2,081 1,965 −5.38 (−7.87 to−2.88) 66.9 <0.001

Intervention time Overall 78 2,435 2,322 −5.80 (−8.04 to−3.57) 65.5 <0.001

≤12weeks 39 1,003 921 −7.14 (−11.20 to−3.08) 77.1 <0.001

>12weeks 39 1,432 1,401 −3.58 (−5.68 to−1.47) 31.6 <0.1

(Continued)
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TABLE 1 (Continued)

Type of research and

meta–analyses variables

Number of studies

(included multi–arm

study)

Number of

participants

Weighted mean

difference

Heterogeneity

Intervention CG I2(%) P

Published year Overall 78 2,435 2,322 −5.80 (−8.04 to−3.57) 65.5 <0.001

≤2015 57 1,868 1,798 −4.75 (−7.33 to−2.16) 66.9 <0.001

>2015 21 567 524 −8.94 (−13.47 to−4.41) 61.0 <0.001

Age Overall 77 2,405 2,305 −5.72 (−7.95 to−3.49) 65.5 <0.001

≤60 55 1,801 1,641 −3.71 (−5.44 to−1.98) 17.7 0.103

>60 22 614 664 −8.25 (−14.06 to−2.44) 86.9 <0.001

Male to female ratio Overall 74 2,213 2,032 −6.32 (−8.65 to−3.98) 67.1 <0.001

Female<male 51 1,626 1,527 −6.44 (−9.37 to−3.51) 72.5 <0.001

Male≥female 23 587 505 −5.73 (−9.43 to−2.02) 44.4 <0.01

Sedentary Overall 78 2,435 2,322 −5.80 (−8.04 to−3.57) 65.5 <0.001

Yes 47 1,518 1,475 −2.80 (−5.09 to−0.52) 35.1 <0.01

No/NR 31 917 847 −9.06 (−12.81 to−5.31) 74.6 <0.001

Exercise type Overall 78 2,435 2,322 −5.80 (−8.04 to−3.57) 65.5 <0.001

AE 55 1,503 1,412 −3.93 (−6.31 to−1.54) 50.6 <0.001

RE 17 330 320 −10.87 (−19.49 to−2.25) 83.2 <0.001

ME 20 579 567 −4.47 (−7.04 to−1.90) 3.5 0.413

MBE 2 23 23 −9.76 (−21.79 to 2.26) 0 0.336

Type of research and

meta–analyses variables

Number of studies

(included multi–arm

study)

Number of

participants

Hazard ratio Heterogeneity

Exposure REF I2(%) P

LS

SB HR 18 166,816 216,796 1.34 (1.26 to 1.43) 52.3 <0.01

PA HR 21 239,479 380,216 0.71 (0.66 to 0.77) 78.0 <0.001

Subgroup analysis based on SB

Region Overall 18 166,816 216,796 1.34 (1.26 to 1.43) 52.3 <0.01

United States 11 152,605 184,233 1.33 (1.25 to 1.42) 52.4 <0.01

Others 7 14,211 32,563 1.42 (1.11 to 1.81) 60.0 <0.1

Published year Overall 18 166,816 216,796 1.34 (1.26 to 1.43) 52.3 <0.01

≤2016 13 135,478 187,115 1.32 (1.23 to 1.42) 59.8 <0.01

>2016 5 31,338 29,681 1.44 (1.23 to1.68) 23.0 0.261

Follow–up time Overall 18 166,816 216,796 1.34 (1.26 to 1.43) 52.3 <0.01

≤10 years 12 125,900 173,235 1.32 (1.23 to 1.42) 47.4 <0.1

>10 years 6 40,916 43,561 1.39 (1.23 to 1.59) 64.1 <0.1

Number of follow–up

participants

Overall 17 166,816 216,796 1.34 (1.26 to 1.43) 55.1 <0.01

≤10,000 9 9,817 11,497 1.56 (1.37 to 1.77) 21.2 0.255

>10,000 8 156,999 205,299 1.28 (1.20 to 1.36) 49.1 <0.1

Disease type Overall 18 166,816 216,796 1.34 (1.26 to 1.43) 52.3 <0.01

CVM 7 90,730 94,255 1.32 (1.22 to 1.44) 36.5 0.126

CVD 12 76,086 122,541 1.36 (1.24 to 1.50) 70.9 <0.01

Male to female ratio Overall 16 165,944 215,954 1.34 (1.26 to 1.43) 55.1 <0.01

Female<male 11 99,358 116,547 1.33 (1.22 to 1.44) 61.7 0.001

Male≥female 5 66,586 99,407 1.37 (1.28 to 1.46) 0 0.575

(Continued)
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TABLE 1 (Continued)

Type of research and

meta–analyses variables

Number of studies

(included multi–arm

study)

Number of

participants

Hazard ratio Heterogeneity

Exposure REF I2(%) P

Quality of literature Overall 17 166,816 216,796 1.34 (1.26 to 1.43) 52.3 <0.01

<7 9 128,139 175,653 1.39 (1.29 to 1.49) 8.4 0.365

≥7 8 38,677 44,143 1.30 (1.20 to 1.42) 58.9 <0.01

Subgroup analysis based on PA

Region Overall 21 239,479 380,216 0.71 (0.66 to 0.77) 78.0 <0.001

United States 8 180,416 262,215 0.67 (0.58 to 0.78) 82.0 <0.001

Others 13 59,063 118,001 0.75 (0.70 to 0.81) 55.0 <0.01

Published year Overall 21 239,479 380,216 0.71 (0.66 to 0.77) 78.0 <0.001

≤2016 10 56,980 72,557 0.70 (0.65 to 0.76) 0 0.683

>2016 11 182,499 307,659 0.73 (0.65 to 0.82) 88.0 <0.001

Follow–up time Overall 21 239,479 380,216 0.71 (0.66 to 0.77) 78.0 <0.001

≤10 years 11 65,724 159,415 0.74 (0.68 to 0.80) 56.2 <0.1

>10 years 10 173,755 220,801 0.69 (0.61 to 0.79) 83.2 <0.001

Number of follow–up

participants

Overall 19 239,479 380,216 0.71 (0.66 to 0.77) 78.0 <0.001

≤10,000 8 14,011 178,75 0.66 (0.56 to 0.79) 75.9 <0.001

>10,000 11 225,468 362,341 0.78 (0.73 to 0.83) 51.9 <0.1

Disease type Overall 21 239,479 380,216 0.71 (0.66 to 0.77) 78.0 <0.001

CVM 11 188,625 266,336 0.72 (0.65 to 0.80) 54.4 <0.1

CVD 10 50,854 76,256 0.71 (0.63 to 0.80) 85.8 <0.001

Male to female ratio Overall 21 239,479 380,216 0.71 (0.66 to 0.77) 78.0 <0.001

Female<male 13 210,071 231,408 0.71 (0.64 to 0.78) 81.7 <0.001

Male≥female 4 29,408 38,799 0.81 (0.69 to 0.96) 61.7 <0.1

Quality of literature Overall 21 239,479 380,216 0.71 (0.66 to 0.77) 78.0 <0.001

<7 7 29,513 83,560 0.77 (0.70 to 0.86) 22.5 0.243

≥7 14 209,966 296,656 0.70 (0.63 to 0.77) 84.1 <0.001

If studies reported with more than two categories of different SB, PA levels, they were converted into two groups, namely high-level SB, PA and low-level SB, PA while the later group

was used as the reference category. Pool effect size: pooled WMDs (95% Confidence interval [CI]); pooled HRs(95% CI). BMI, Body mass index; CVD, Cardiovascular disease; CVM,

Cardiovascular mortality; CG, Control Group; DBP, Diastolic blood pressure; HDL, High density lipoprotein; HR, Hazard Ratio; GlU, Glucose; LS, Longitudinal study; PA, Physical

activity; REF, Reference; RCT, Randomized controlled trial; SBP, Systolic blood pressure; TG, Triglyceride; TC, Total cholesterol; LDL, Low density lipoprotein.

abrasion bias, and most studies had a low risk of reporting bias

(143/148, 97.3%). The detailed assessment process is shown in

Supplementary Figures S1, S2.

Of the 36 longitudinal studies, 29 received a score

of 7 and were considered high-quality according to the

NOS criteria; the detailed assessment process is shown in

Supplementary Figure S3.

Primary outcomes

RCTs

Of the RCTs, 76 studies (4,658 participants) explored

the effects of long-term PA on TGs, 79 studies (4,512

participants) described the effects of PA on TC, 84 studies

(5,018 participants) investigated the effect of PA on HDL,

and 78 studies (4,757 participants) described the effects of

PA on LDL (Table 1). Most studies reported fasting lipids;

only two studies (41, 42) reported non-fasting lipids. We

pooled the WMD effect sizes according to a fixed model

or a random model. The results showed that long-term

PA significantly increased HDL levels (P < 0.001) and

decreased TGs (P < 0.001), TC (P < 0.001), and LDL

(P < 0.001). The pooled results for TG levels were as

follows: WMD = −7.27; 95% CI: −9.68 to −4.87; I2 =

0%, Pheterogeneity = 0.670 (fixed model); TC: (WMD =

−6.84; 95% CI: −9.15 to −4.52; I2 = 38.4%, Pheterogeneity
< 0.001, random model); HDL: (WMD = 2.38; 95% CI:

1.00 to 3.76; I2 = 84.7%; Pheterogeneity < 0.001, random

model); LDL: (WMD = −5.80; 95% CI: −8.04 to −3.57;

I2 = 65.5%, Pheterogeneity < 0.001, random model). Among

the four lipid indices, only the funnel plot for TC showed
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symmetry; the rest of the indices did not show symmetry

(Supplementary Figures S17–S20). The Egger’s test results were

as follows: TGs, P < 0.05; TC, P = 0.937; HDL, P = 0.240; and

LDL, P < 0.05.

To explore possible sources of heterogeneity, subgroup

analyses of lipid outcomes were performed, grouping

participants according to intervention time, region, age of

participants, year of publication, male/female ratio, previous SB

or no previous SB, and PA type. Some of the subgroup analyses

were consistent; however, when studies were divided according

to their male/female ratios, less heterogeneity was observed

in the combined effect of long-term PA on TC in the studies

with more males (WMD = −8.47; 95% CI: −2.38 to −4.56; I2

= 20.4%, P = 0.164, random model). Similarly, when studies

were divided according to the type of PA, less heterogeneity was

observed in studies on the effect of ME on LDL (WMD=−4.47;

95% CI:−7.04 to−1.90; I2 = 20.4%, P= 0.164, randommodel).

In addition, PA was associated with a significant improvement

in HDL only if participants were younger than 60 years old

(P < 0.001), the intervention duration was longer than 12

weeks (P < 0.01), the study was conducted in people without

previous SB habits, or the study assessed AE (P < 0.01) or RE

(P < 0.01). The detailed subgroup analyses are presented in

Table 1.

Longitudinal studies

Eighteen studies analyzed the effect of SB on CVD

(Table 1). The results showed that people with SB had

a significantly increased risk of CVD (P < 0.001),

both fatal and non-fatal, with a pooled effect size

(HR) of 1.34 (95% CI: 1.26 to 1.43) and relatively

high heterogeneity (I2 = 52.3%, Pheterogeneity < 0.001,

random model). The funnel plot was asymmetric, and

the publication bias was high (PEgger′s test < 0.05)

(Supplementary Figure S22).

Twenty-one studies explored the effect of PA on

CVD (Table 1). The results showed that long-term PA

was associated with a significantly lower risk of CVD

compared with low levels of PA (P < 0.001), with a

pooled effect size (HR) of 0.71 (95% CI: 0.66 to 0.77) and

high heterogeneity (I2 = 78.0%, Pheterogeneity < 0.001,

random model). The funnel plot was also asymmetric,

showing potential publication bias (PEgger′s test = 0.605)

(Supplementary Figure S23).

We performed subgroup analyses by dividing the studies

according to several variables of interest (region, year of

publication, male/female ratio, number of participants, follow-

up time, quality of literature, and type of CVD), and

some subsets of these subgroup analyses revealed sources

of heterogeneity. For example, in the SB and CVD studies,

heterogeneity was significantly lower in studies with population

sizes under 10,000 (HR= 1.56; 95% CI: 1.37 to 1.77; I2 = 21.2%,

P = 0.255, random model) than in studies with population sizes

greater than 10,000 (HR= 0.28; 95% CI:1.20 to 1.36; I2 = 49.1%,

P = 0.033, random model). Other sources of heterogeneity are

detailed in Table 1.

Secondary outcomes

RCTs

BMI

According to the pooled combined effects of BMI using

a fixed effects model, 89 RCTs (6,220 participants) revealed a

significant effect regarding BMI reduction (WMD=−0.36; 95%

CI:−0.43 to−0.30; I2 = 0%, Pheterogeneity = 0.998, fixed model)

(Table 1); however, the asymmetry of the funnel plot of BMI

indicators suggested potential publication bias (PEgger′s test =

0.051) (Supplementary Figure S14).

Blood pressure

A total of 65 RCTs (3,500 participants) explored the effects of

PA on SBP, and 63 (3,373 participants) investigated the effects of

PA on DBP (Table 1). The resting blood pressure in both sitting

and supine positions was included. The combined effect showed

a significant reduction in SBP (WMD=−3.63; 95%CI:−4.62 to

−2.64; I2 = 58.0%, Pheterogeneity < 0.001, random model) with

some heterogeneity. DBP also decreased significantly by a small

margin (WMD = −2.25; 95% CI: −2.94 to −1.56; I2 = 51.3%,

Pheterogeneity < 0.001, random model), and heterogeneity was

observed. The forest plots for both indicators were asymmetric,

and publication bias was detected (SBP: P = 0.261, DBP: P <

0.001) (Supplementary Figures S15, S16).

Blood glucose

A random effects model was used to pool glucose from

65 RCTs (3,413 participants) (Table 1), all of which required

participants to fast for 8–14 h; the model revealed that PA

was associated with a significant improvement in fasting

glucose (P < 0.001) with high heterogeneity (WMD =

−4.40; 95% CI: −5.44 to −3.36; I2 = 86.5%; Pheterogeneity
< 0.001, random model). The asymmetry of the forest

plot suggested high publication bias (PEgger′s test = 0.838)

(Supplementary Figure S21).

Sensitivity analyses

Sensitivity analysis showed that all outcomes were stable for

PA and SB.

Frontiers in PublicHealth 10 frontiersin.org

94

https://doi.org/10.3389/fpubh.2022.1018460
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Liang et al. 10.3389/fpubh.2022.1018460

Discussion

This is the first meta-analysis to combine randomized

controlled trials and longitudinal studies to assess the association

between SB, PA, and CVD. The analysis of 148 RCTs and

36 longitudinal studies indicated that long-term PA improved

indicators related to CVD risk in healthy adults and directly

reduced the risk of CVD. Conversely, long-term SB increased

the risk of CVD in healthy people, regardless of the study region,

the gender of participants, and follow-up time. In addition,

long-term PA was not associated with a large improvement in

HDL in studies on older adult populations, studies on previously

sedentary populations, studies with short-term interventions, or

studies that assessed ME.

SB has been identified as a risk factor for CVD in several

previous studies (43, 44). Our meta-analysis confirmed the

association between SB and CVD (HR:1.34; 95% CI: 1.26 to

1.43; I2 = 52.3, P < 0.01; random model), suggesting a 34%

increase in the risk of CVD (including non-fatal CHD, HF,

and fatal myocardial infarction events) in people with frequent

SB compared with those without SB. Evidence suggests that

of the factors associated with all causes of CVD mortality, SB

has the strongest association (8), and several other studies have

reported strong, consistent results supporting this association.

A prospective cohort study on 134,596 Americans found that

the risk of death from CVD rose with increased sitting time,

particularly while viewing television, and this finding was

consistent across people of different weights, genders, and races;

similar results were found in our study (45). A lack of PA due

to SB leads to the decreased turnover of endogenous energy

stores, myogenic glycogen, and intracellular lipids; in turn,

these changes lead to skeletal muscle insulin resistance. When

hyperinsulinism occurs, adipogenesis increases, promoting the

production of very low-density lipoproteins and lower HDL

levels in the liver. This results in the development of metabolic

syndrome, which may contribute to the development of CVD.

Similarly, steatosis may cause hyperglycemia, which not only

causes diabetes but also potentially increases the risk of CVD

(46, 47). In conclusion, the mechanisms through which SB

causes CVD are complex and multifaceted.

We investigated the effects of long-term PA on CVD and

several CVD risk indicators and found that long-term PA not

only reduced the HR of CVD events (HR = 0.71; 95%CI: 0.66

to 0.77; I2 = 78.0%, Pheterogeneity < 0.001, random model) but

also improved several CVD risk indicators. The cardioprotective

effects of long-term PA have been confirmed by several studies.

For example, an American cohort study that analyzed the

effects of long-term PA in 88,140 adults found that the risk

of CVD-specific death was 37 and 33% lower in participants

who performed PA for 150–299min and 1,500min or more

per week, respectively, compared with those who were inactive

(48). Because of its large sample size, this study provides

strong evidence supporting our meta-analysis results. For the

mechanism by which PA reduces cardiovascular risk, one study

suggests that PA improves cardiovascular health through the

efficient use of energy-releasing raw materials (e.g., oxygen, fat,

and glucose) and other resources, combined with autonomous

skeletal muscle contraction that enhances metabolism and

neural coordination (44). Furthermore, a large meta-analysis

of RCTs showed that long-term PA significantly improved

cardiopulmonary function and several CVD biomarkers (e.g.,

lipids) in healthy adults, which in turn reduced the incidence

of CVD and improved cardiovascular health. To further explore

the reasons for PA’s effects on the risk of CVD, our study began

by analyzing lipids because abnormalities in the lipoprotein–

lipid profile account for 50% of the total risk of CVD (46);

moreover, the assessment of lipid levels is the most common

method to identify individuals at high risk of CVD (49).

According to our study, long-term PA significantly reduced

total TC, TGs, and LDL levels and significantly improved

HDL levels. Other studies have shown that adults who engage

in long-term PA have lower TC and LDL levels compared

with those who are inactive (50, 51), these findings are

consistent with our meta-analysis results. Furthermore, two

longitudinal studies have demonstrated that TG levels are

lower and HDL levels are higher in endurance athletes and

in those with long-term aerobic training (52, 53). The more

favorable lipid profiles in these populations may be due to an

increase in lipoprotein lipase (LPL) mRNA, LPL mass, total

LPL activity, and heparin-releasable LPL activity in the skeletal

muscle after long-term PA (54). When the LPL concentration

increases, the composition of lipoproteins changes in vivo, and

apolipoprotein-E is redistributed. This change decreases plasma

TG levels, LDL levels, and TC/HDL ratio and increases HDL

concentrations (55, 56), thereby reducing the risk of CVD.

Furthermore, our study revealed significant improvements

in BMI, blood pressure, and blood glucose in healthy adults who

performed long-term PA, and these results have been widely

confirmed. Several large RCTs have found that after more than

8 weeks of PA intervention, all participants had lower weight,

blood pressure, and fasting glucose, and these effects were

consistent for participants with different genders and weights

as well as different types and intensities of PA (57–60). These

improvements may be related to omentin-1, an adipokine that

promotes insulin sensitivity; studies have shown that after long-

term PA intervention, participants showed improvements in

BMI, waist circumference, body fat, and blood glucose with

a corresponding increase in their omentin-1 concentrations

(61). Omentin-1 was present at lower concentrations in the

obese population and was negatively correlated with BMI,

fasting glucose, and blood pressure (62, 63). The concentration

of omentin-1 in the body may have increased after the PA

intervention, improving CVD-related outcomes.

In the subgroup analysis, we found that PA only significantly

improved HDL when the intervention duration was longer

than 12 weeks or the participants who were under 60 years
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of age. Shorter interventions may be insufficient to achieve

observable improvements; moreover, the PA intensity may not

reach the level needed for improvement in older adults because

of their low exercise levels. In a previous study, a significant

improvement in HDL was reported only after PA reached a

certain intensity (64). We also observed a significant effect on

HDL when people chose to perform AE or RE. Evidence shows

that AE or RE alone can increase HDL levels (65), and the

combination of AE and RE in ME can have the same effect (66);

however, ME was not associated with significant changes in our

study. This is likely because ME was mixed with other forms of

exercise, such as balance exercises, and less evidence supports

improvement in HDL with these forms of exercise; thus, the

overall results may have been affected. Moreover, no significant

differences were observed in terms of the effect of PA on HDL

in the group with SB. This suggests that the beneficial effects of

PA may be limited in people with SB; furthermore, a previous

study showed that the effects of PA and SB were independent

of each other (9). These findings warrant further investigation

of the details of the interaction between PA and SB in future

studies. In all other subgroup analyses, we obtained consistent

results, indicating that the overall improvement in lipids levels

was superior in participants who performed PA.

Our study has several implications in clinical practice and

can provide guidance for practitioners. First, our findings

support the American Heart Association (AHA) guidelines

recommending long-term PA as a first-line treatment for

improving dyslipidemia and reducing the risk of CVD (67).

Therefore, 40min of moderate to vigorous intensity aerobic

exercise for three to four times per week is recommended to

lower LDL and increase HDL (68). Second, our study found

that PA also improved blood pressure levels, and according

to the AHA guidelines, performing aerobic exercise three

to four times a week for an average of 40min per session

for at least 12 weeks is a typical recommendation for

improving blood pressure in adults (68). Third, according

to our subgroup analysis, resistance training can also reduce

the risk of CVD when performed at a recommended weekly

training intensity of 500–1000 METs (69). In summary,

patients should regularly engage in PA, and to maximize

health benefits, they should perform at least 150 minutes of

moderate-intensity aerobic exercise or 75min of high-intensity

aerobic exercise as well as two resistance training sessions per

week (30).

Strengths and limitations

This study is the first to combine RCTs and longitudinal

studies to examine the association between PA, SB, and

CVD, contributing new medical evidence to the literature.

We not only distinguished the population but also considered

factors such as economic status, year of publication, and

the number of participants, making this a more in-depth

study than previous work. Because the volume of literature

included in the previous meta-analysis was not very large, we

collected studies from larger databases, resulting in a larger

sample size meeting the inclusion criteria. The results of this

study may provide more treatment options to policymakers,

clinicians, and caregivers, and the findings may help guide

decision-making and facilitate more in-depth research in

the future.

The present study also has several limitations. First, the

uneven quality of the literature on RCTs may have impacted

the overall quality of the studies, and the high risk of

outcome assessment blinding created some heterogeneity and

imprecision in the study results. In addition, the inclusion

of longitudinal studies and RCTs may have resulted in

inconsistent results. Furthermore, we did not analyze certain

confounding factors, such as diet, smoking, and obesity, because

of inconsistencies in implementation criteria, dosing criteria,

and rubrics, which may have contributed to limitations in the

outcomes. Considering the above limitations, the study results

should be interpreted with caution.

Conclusions

In conclusion, long-term SB increased the risk of CVD in

healthy adults, whereas regular PA reduced the risk of CVD

and improved indicators associated with CVD risk. However,

improvement was limited in patients with SB, select ME and

older age groups. Therefore, patients should be encouraged to

limit their daily sitting time and increase their PA levels to

reduce their risk of CVD. More detailed studies are needed to

demonstrate and clarify the effects of PA and SB on CVD.
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Non-exercise activity
thermogenesis in the workplace:
The o�ce is on fire

Alex Rizzato*, Giuseppe Marcolin and Antonio Paoli

Department of Biomedical Sciences, University of Padova, Padua, Italy

From the second half of the previous century, there has been a shift toward

occupations largely composed of desk-based behaviors. This, inevitably, has

led to a workload reduction and a consequent lower energy expenditure.

On this point, small increments of the non-exercise activity thermogenesis

(NEAT) could be the rationale to reach health benefits over a prolonged period.

Di�erent published researches suggest solutions to reverse sitting time and

new alternative workstations have been thought to increase total physical

activity. Therefore, the purpose of this narrative review is to summarize the

current state of the research regarding the “NEAT approach” to weight-gain

prevention in work environments. This review analyzes the main evidence

regarding new alternative workstations such as standing, walking workstations,

seated pedal, and gymnastic balls to replace a standard o�ce chair.

KEYWORDS

energy expenditure, sedentary behavior, workplace, sitting, physical activity

Introduction

Historical background and epidemiological frame

Over the past 50 years, technological development and themaking of ever-new labor-

saving devices have reduced physical activity and, consequently, energy expenditure

(EE) across many different domestic and working settings (1). The term sedentary

etymologically refers to “remaining in one place” fromMiddle French sédentaire (1590s)

and directly from Latin sedentarius “sitting, remaining in one place.” Later recorded

in the 1660s, Proto-Indo-European referred to persons, in the sense of “not in the

habit of exercise.” Nowadays, it refers to a specific group of activities that involves

low levels of EE in the range of 1.0–1.5 Metabolic Equivalent of Task or MET (1

MET is defined as 3.5 mlO2/Kg/min): for example, sitting during transfers (i.e., by

train or car), tasks performed while working, and for leisure or in the domestic

location (2). A growing amount of evidence contended that the increased tendency

to a sedentary lifestyle plays a main role in the rise of multiple chronic diseases,

including cardiovascular disease, Type 2 diabetes (3), and overweight and obesity (4).

Regarding the latter, despite the rising problem awareness, the obesity epidemic is

constantly growing and obesity rates are increasing worldwide. In 2016, more than

1.9 billion adults, 18 years and older, were overweight. Of these, over 650 million

were obese. About 39% of adults aged 18 years and over were overweight in 2016

and 13% were obese (5). As recalled, since a sedentary lifestyle represents one of the

main risk factors for developing chronic diseases, disablement, and frailty, reducing

the time spent in sedentary activities is a population-wide goal for positive health
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outcomes. Twenty-five years ago, Prentice et al. (6) published

a study about the secular trends in diet and physical activity

and obesity in Britain after retrospectively analyzing data

from 1950 to 1990. Evidence suggested that changes in the

prevalence of obesity were not related to changes in total

energy or fat intake. Conversely, indirect measures of physical

inactivity (i.e., car ownership and hours of television watching)

appeared to be more closely related to a change in body weight.

More recently, an epidemiological study differentiated sedentary

sitting time alone from sedentary TV-viewing time. High levels

of moderate-intensity physical activity (i.e., about 60–75min

per day) seemed able to eliminate the increased death risk

related to the sitting time alone, having instead a little influence

on the increased risk of death related to TV-viewing time

(7). Ekelund et al. (7) hypothesized two possible explanations

regarding this association. The first theory is that TV-viewing

mainly happens after dinner, and postprandial sedentary time

may be detrimental to glucose and lipid metabolism. Moreover,

behaviorally, TV-viewing is frequently accompanied by snacking

or other eating habits possibly influenced by TV advertising. In

addition to morbidity and early mortality, a sedentary lifestyle

is “guilty” of a considerable economic burden. A world global

analysis revealed that physical inactivity cost for healthcare

systems was $53.8 billion in 2013, of which $31.2 billion was

borne by the public sector, $12.9 billion by the private sector,

and $9.7 billion by households (8). The recent COVID-19

pandemic has increased sedentary behaviors during the imposed

lockdown periods across several populations, including children

and patients with a variety of medical conditions (9). Thus,

multiple interventions targeting sedentary behaviors have been

studied; for instance, Gardiner et al. studied the efficacy of a face-

to-face goal-setting consultation and one individually tailored

mailing providing feedback on accelerometer-derived sedentary

time in a group of older adults. They found a decreased

sedentary time (– 3.2%), increased breaks in sedentary time

per day (i.e., four), and an increased level of light (2.2%) to

moderate to vigorous (1.0%) physical activity (10). Moreover,

the amount of sitting time, prolonged or interrupted, is

significantly associated with cardiovascular disease risk in adults

over age 45 years (11). Larsen et al. showed that interrupting

the sitting time every 20min positively influenced systolic blood

pressure, such as reducing all-cause mortality risk by 3–4% (11).

In addition, regular breaks during prolonged sitting periods

lowered postprandial glycemia in middle-aged adults without

metabolic impairment (12). Indeed, humans expend energy

also having routinary postures and performing daily-living

movements (e.g., standing, walking, stair climbing, and many

others). Thus, some daily non-exercise activities, also alternated

with prolonged sitting, could considerably contribute to an

increase in total daily energy expenditure. In this regard, the

“Compendium of Physical Activities” continued to accumulate

and categorize published reports of the EE in MET associated

with different physical activities (13, 14).

Humans: Evolutionary active animals

Although sedentary behaviors encompass large sections of

the population, evolutionary biology suggested that humans are

not physiologically adapted to periods of prolonged inactivity. In

industrialized countries, activities that require daily locomotion

to man are often very low. Thus, nowadays, human energy

expenditure is reasonably lower than in our Paleolithic ancestors

(15). This evolutionary theory could also account for the

increase in obesity prevalence rates worldwide. Hayes et al.

found that the physical activity levels of humans living in the

modern environment were much lower than that observed in

free-ranging mammals, used as a model for primitive humans

(16). Unfortunately, data on energy expenditure from physical

activity in prior times are lacking and it is possible to lend

support to this hypothesis only through estimations. Malina

et al. (17) presented an estimated summary of physical activity

levels (PALs) along our evolutionary past (Figure 1). Humans

are biologically equipped to be physically active, however,

cultural development allowed sedentary chances. Moreover,

not only periods of prolonged inactivity but also how this

inactivity time is spent is crucial in the burden of the sedentary

lifestyle. Reduced energy expenditure deriving from decreased

muscle activity is responsible for the increased health risk due

to chair-seated postures (18). In this regard, Raichlen et al.

studying the non-ambulatory time, observed that, with respect

to the industrialized population, the Hazda (an African hunter-

gatherer population) spent their resting time in “active” rest

postures (19). Moreover, the authors showed that these postures

require significantly higher energy levels for lower-limb muscle

activation than chair sitting calculated through estimation in

the percentage of walking (19). For instance, in the assisted

squat posture, muscle activation of the soleus (right: 10.831;

left: 10.883) was significantly higher compared to chair sitting

(4.943). Again, the full squatting posture elicited higher levels of

muscle activity compared with chair sitting for soleus (left: 8.395;

right: 15.086 vs. left: 4.943; right: 5.754), vastus lateralis (left:

14.616; right: 29.800 vs. left: 5.927; right: 10.508), and tibialis

anterior (33.239 vs. 3.742). Thus, despite the sedentary time in

the Hadza population is not lower than in industrialized people,

Hadzas showed low levels of biomarkers related to an increased

risk of cardiovascular diseases (19).

NEAT, an important part of total daily
energy expenditure

Levine (20) defined non-exercise activity thermogenesis

(NEAT) as the physical activities other than volitional

exercises, such as the activities of daily living, fidgeting,

spontaneous muscle contraction, and maintaining posture

when not recumbent. Together with resting energy
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FIGURE 1

Estimated physical activity levels (PALs) for ancestors and modern populations. PAL = TEE/BMR (total energy expenditure/basal metabolic rate),

see for details, Malina and Little (17).

expenditure, postprandial thermogenesis, and physical activity

thermogenesis, NEAT composes the total daily EE. NEAT

differentiates from physical activity and is defined as “any bodily

movement produced by skeletal muscles that resulting in EE

above the resting level,” usually over 1.6 MET (21, 22). To better

comprehend NEAT and its role in individuals with obesity, we

can divide it into posture-related (e.g., standing, sitting, and

lying) and movement-related thermogenesis (e.g., walking,

occupation, and leisure time). In sedentary adults, EE deriving

from NEAT helped to counteract weight gain during controlled

overfeeding experiments (23). Von Loeffelholz (24) showed

that NEAT could widely vary up to 2,000 kcal·day−1 between

two individuals of similar size, lean body mass, and gender.

The authors explained these differences with the interactions

of several biological and environmental factors; indeed, it was

given great importance to people’s different occupations and

leisure-time events. In a sedentary job, NEAT could range at

a maximum of 700 kcal·day−1, as average (24). These data

confirmed those from Ravussin et al. (25), who used a human

respiratory chamber to determine rates of EE over 24 h. They

found that variability in the degree of spontaneous physical

activity (range 100–800 kcal/d) could account for a large portion

of daily EE (25). Among spontaneous movements or behaviors

promoting NEAT, fidgeting has also been associated with weight

loss across long periods of time (26). Fidgeting is defined as

making continuous, small movements, typically with hands

or feet, in a nervous or restless way, that is unnecessary to the

ongoing task (27). These movements can occur while sitting or

standing. An interesting study by Hagger-Johnson et al. (27)

retrospectively examined the association between sitting time

and mortality in almost 13,000 women from 1999 to 2002.

They found that fidgeting minimizes the association between

sitting time and mortality in the medium (5–6 h) and the high

(7–17 h) fidgeting groups. Given the above, the employment

of simple behaviors might contrast the negative consequences

of time spent sitting, independently from the level of physical

activity, hence, fidgeting appears to be sufficient to influence

daily energy balance (28) with long-term health benefits, even to

sedentary individuals. However, despite fidgeting representing

a topic of interest for many researchers, measuring it with

reliable markers is still an issue. When studying spontaneous

physical activity, combining information from self-report and

accelerometers (29, 30) together with the proper assessment

of the subject’s sitting position and specific limb movements

appears to be necessary.

Levine suggested that the environmental factors promoting

sedentary behavior affect differently obese and lean individuals;

specifically, if subjects with obesity adopted the NEAT-enhanced

behavior typical of their lean counterparts, they could expend an

additional 350 kcal per day. With an unchanged energy intake,

this could result in a weight loss of ∼15 kg over a year (31). On

this point, small increments of NEAT could be the rationale to

reach health benefits over a prolonged period. However, adults

spend most of their days working (about one-third), and the

work is surely becoming more sedentary (32). Understanding

howmuch the occupational sedentary lifestyle count in reducing

the total amount of time spent actively is the first step to

directly program interventions in workplaces. Therefore, the
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purpose of this narrative review is to summarize the current

state of the research regarding the “NEAT approach” to weight-

gain prevention in work environments. Moreover, analyzing the

variety of research strategies to increase NEAT at work, the

review aims to point out questions, gaps, and openings.

Sedentary behaviors at work

From the second half of the previous century, there has

been a shift toward occupations largely composed of desk-

based behaviors. In the 1950s, Morris et al. already stated, “men

in physically active jobs have a lower incidence of coronary

(ischaemic) heart disease in middle-age than men in physically

inactive jobs” (33). This trend has also been associated with

population-level weight gain (34). Indeed, typical adult weight

gain results from a daily positive energy balance of 15–50

kcal/day (35). This low amount of daily energy intake excess

might not appear of clinical relevance and thus, its relevance

for weight gain may be underestimated. The cumulative effect

of very small daily weight gains is very likely to be a substantial

contributor to the overall increase in body weight that frequently

occurs during adulthood (36). Moreover, long periods of

desk-based behavior have been linked to increased pain and

musculoskeletal disorders. Specifically, Jensen et al. showed that

jobs characterized by the highest level of repetitiveness (i.e., call

center and data entry works) are associated with an increased

rate of discomfort in the neck, shoulders, and upper extremities

(37). In the scientific literature, several methods have been

used to evaluate the level of physical activity at work, such as

self-report (38), surveys (39), questionnaires (40), and motion

sensors (41). For instance, Thorp et al. (42) conducted a study

quantifying the sedentary working time using accelerometers in

193 employees. They concluded that working hours were mostly

spent sedentary and that the working days were more sedentary

and had less light-intensity activity than non-working days.

However, a review proposed by Castillo-Retamal complained

that there was a substantial inconsistency in assessing physical

activity at work and that none of the studies considered the

validity or reliability of these measures (22).

Strategies to increase NEAT at work

Technological development has addressed office ergonomics

and, more in general, the environmental design toward a

constant effort saving. This, inevitably, has led to a workload

reduction and a consequent lower EE (43). Recently, different

published researches suggest solutions to reverse increasing

sitting time and encourage daily movement in the working

scenario to reduce the risks connected to a sedentary lifestyle

(20, 44, 45). New alternative workstations have been thought

to increase total physical activity in sedentary workers and

improve body composition (i.e., decreasing body fat) (46).

The additional EE favored by alternative workstations should

increase the NEAT and should be bearable for prolonged

periods. However, dynamic workstations may carry limitations

due to mental distraction that could affect work productivity

or safety (45). For this reason, the design and engineering of

alternative workstations should guarantee the normal execution

of working tasks, indeed, workers risk finding themselves sitting

on the fence between their NEAT increase and their working

yield. For this reason, any modifications of the working scenario

must carefully weigh the advantages and disadvantages of its

ecological application. Following, we summarize the different

methods to endorse EE in the working scenario. We reviewed

the main evidence regarding new alternative workstations such

as standing, walking workstations, seated pedal, and gymnastic

balls to replace a standard office chair.

Standing workstation

It is well known that posture changes have chronic and acute

relapses in many physiological variables such as metabolic rate,

anti-gravitational muscle tone, and cardio-circulatory indexes

(47–51). However, the actual query is when these changes,

even significant, become relevant in terms of energy balance

for weight gain prevention. On this topic, few controversial

responses were observed. Indeed, some evidence demonstrated

a greater EE while performing clerical work standing with

respect to sitting (52). Speck et al. hypothesized that standing

could increase the total daily EE over sitting by 384 kcal (i.e.,

1,104 vs. 720 kcal). However, their experimental findings, using

indirect calorimetry, demonstrated that full-time (8 h) standing

workers did not gain the EE equivalent to an hour of daily

moderate physical activity (53), while recommendations state

that physical activity levels to prevent weight gain must be

≥1.6 times the basal metabolic rate (54). Again, Tudor-Locke

et al. (55) strengthened the assumption that replacing sitting

behaviors only with standing appears to be insufficient in terms

of EE. Even though the focus should last on EE, other potential

health benefits of standing than sitting position need to be

acknowledged. For instance, Beers et al. found a significantly

higher heart rate in standing than in seated posture during a

word processing task (52). Thus, the standing posture could

partially counterbalance the low physical activity associated with

the seated position. An increased EE in the standing position

due to higher muscle activation was also supposed. Available

data showed higher muscle activation in the lumbopelvic region

when maintaining erect postures compared to passive seated

postures (56). Indeed, we demonstrated that anti-gravitational

muscle tone increment in the standing posture is a major

determinant of metabolic rate changes (57). In addition,

Tikkanen et al. showed a higher thigh muscle activation during

standing compared to sitting posture (58). However, possible

disadvantages in maintaining a prolonged standing posture
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can occur. Epidemiological studies suggested that prolonged

standing might be related to health problems such as venous

insufficiency (59), decreased cognition or discomfort (60), and

back pain (61). Occupational standing has been associated with

elevated low back pain. Indeed, between 40 and 70% of the

population who never had a low back injury are categorized

as developing pain when exposed to a bout of static prolonged

standing using self-reports (62, 63). On the other side, standing

for >50% of a workday did not affect the pulse wave velocity of

standing workers more than their seated counterparts, showing

non-adverse effects on their arterial stiffness (64). Finally,

subjective feeling of comfort, fatigue, and liking experienced

during the standing posture is not a secondary topic (52)

that can easily affect workers’ productivity. Nowadays, there

are no univocal guidelines to modulate sitting and standing

times, as every person has dissimilar necessities and functional

impairments (65). Thus, if sitting time can be harmful, standing

time is not fully harmless.

Walking workstation

Among the activities recommended to increase NEAT,

walking is one of the most feasible for almost all subjects.

Thus, behavioral engineering and ergonomics studied different

methods to increase walking, and consequently EE, in the

workplace. For instance, many companies decided to remove

e-mail or telephone for the correspondence between colleagues

to stimulate walking or introduced a 10-min walking break

during working hours. Straker et al. (43) well summarized

the proposed solutions in three categories: equipment changes

(e.g., walking to the printer on the second floor), task changes

(e.g., workers do different working tasks in rotation), and

organizational changes (e.g., information and sensitization

activities for physical activity). Together with these NEAT-

increasing solutions, walking workstations have also been

developed through a treadmill placement at the workers’ desk.

The walking workstation consists of a setup that allows for

walking slowly on a treadmill while working at a raised desk. In

the late eighties, Edelson et al. already recommended walking

on a treadmill to increase physical activity at work without a

concurrent decrement in working performance (66). If activities

with very low workloads, such as the aforementioned fidgeting,

can increase by 20–40% EE over resting levels (28), walking

can multiply basal EE (67). Indeed, Levine et al. estimated that

walking at 1.6 km/h (e.g., quiet walking for shopping) doubles

EE and that intentional walking at 3.2 to 4.8 km/h led to a

doubling or tripling EE (68).Moreover, walking at 6.4 km/h has a

MET level 5 times greater than sitting at rest (69). However, this

topic deserves to be analyzed in a work context. Longitudinal

studies investigated the long-term effects of a treadmill-desk

program and showed a positive effect on anthropometry, body

composition, blood lipids, and metabolic indexes (70–72).

Walking workstations instead of standing workstations led to

the greatest improvement in different physiological outcomes,

including postprandial glucose and HDL cholesterol (73).

Besides, walking at a very slow speed of 1.7 km/h on

a treadmill while working increased heart rate up to 15

bpm (74) and EE up to 119 kcal/h, as average (75) above

the seated working condition. The reported walking EE is

almost 2.7 times above the estimated EE in seated work

(averaged at 72 kcal/h). For instance, full-time employment

of treadmill workstations could utopianly lead to an EE

of 4,800 kcal/day obviously without considering problems

of tolerance, pleasure, or discomfort (55). It has been

hypothesized that the daily use of a treadmill workstation

for 2.5 h/day in subjects with obesity may lead to an

estimated weight loss of 20 to 30 kg/year (75). However,

Levine et al. (75) only prospectively estimated NEAT for

weight loss starting from controlled research of short duration.

Although the total daily amount of physical activity is positively

affected by treadmill desks compared to standard chairs,

the possible altered working performance is noteworthy to

discuss. Research investigating this issue showed inconsistent

results. More in detail, Thompson et al. (76) demonstrated

that subjects using a walking workstation employed longer

time in working tasks compared to sitting, while the accuracy

in completing them remained unchanged. Conversely, other

studies showed that exercising at moderate intensity had

beneficial effects on task-speed solving, but not in its accuracy

(77). Although the ideal walking velocity for letting the

working performance unaffected is still under debate, results

suggested 2.25 km/h for word processing tasks (78). Moreover,

a systematic review suggested that a self-selected pace between

1.6 and 3.2 km/h is ideal for optimizing typing and mouse

performance (73).

One of the issues related to walking workstations is that

the continuous changes in the surrounding environments,

acting forces, and sensory inputs could lead to a higher

cognitive-motor interference due to increased information

processing very similar to what occurs under dual-task

conditions (79–81). Accordingly, Larson et al. (82) found

no influence on executive and cognitive functions while

working on a walking treadmill, even though fine motor

skills and learning were negatively affected. These results

were partially confirmed by Podrekar et al. (83) who

showed a decreased working performance during walking

activities, but not a worsening of cognitive functions (e.g.,

attention, learning, and memory). Thus, the hypothesis was

that a higher familiarity with the device and its long-

term employment and practice could have improved the

worker’s performance. Finally, since the several positive effects

that walking workstations have demonstrated to produce on

EE, additional studies are necessary to deepen the possible

worsening of working performance and determine optimal

walking speed. Moreover, although there is a relative abundance
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TABLE 1 Summary of energy expenditure (kcal/min and Kcal/yr) derived from the employment of alternative workstations (i.e., seated, standing,

seated pedal, and walking).

References Workstation EE (Kcal/min) EE (Kcal/Yr) Kg/Yr

Reiff et al. (107) Seated 1.02 118483.20 16.93

Speck et al. (53) 1.30 151008.00 21.57

Swartz et al. (108) 1.46 169593.60 24.23

Carr et al. (86) 0.99 114998.40 16.43

Koepp et al. (84) 1.35 156816.00 22.40

Horswill et al. (45) 1.43 166108.80 23.73

Mean 1.26 146168.00 20.88

SD 0.20 23753.70 3.39

Reiff et al. (107) Standing 1.36 157977.60 22.57

Straker et al. (74) 1.36 157977.60 22.57

Speck et al. (53) 1.29 149846.40 21.41

Cox et al. (109) 1.08 125452.80 17.92

Horswill et al. (45) 1.54 178886.40 25.56

Mean 1.33 154028.16 22.00

SD 0.17 19255.95 2.75

Carr et al. (86) Seated Pedal 2.14 248582.40 35.51

Koepp et al. (84) 1.60 185856.00 26.55

Horswill et al. (45) 1.65 191664.00 27.38

Mean 1.80 208700.80 29.81

SD 0.30 34660.35 4.95

Levine et al. (75) Walking 1.96 227673.60 32.52

Koepp et al. (71) 2.90 336864.00 48.12

Koepp et al. (84) 2.80 325248.00 46.46

Mean 2.55 296595.20 42.37

SD 0.52 59969.77 8.57

Moreover, considering that 1 kg of fat is approximately equivalent to 7,000 kcals, the kilograms of fat consumed over a year-long period are also reported.

of short-term evidence, longitudinal studies appear essential

to strengthen the observed outcomes over the long-term

application of walking workstations.

Seated pedal workstation

Standing or walking workstations force the employees to

work in an unusual setting. Thus, an alternativemethod to defeat

working sedentary behavior is to transform sitting into “active

sitting” (84). The rationale is to promote NEAT while remaining

in the most habitual seated position, averting an eventual

decrease in working performance more likely in standing or

walking workstations. Seated pedal workstations are easily

manageable by workers who can alternate active pedaling to

standard sitting, simply stopping leg movements (55). Peterman

et al. (85) studied passive cycling (i.e., external motor moved

subjects’ legs) by considering how pedaling cadence (at 60

and 90 rpm) can influence EE and heart rate. During two-leg

passive cycling, EE rates were significantly greater than rest

for both 60 rpm (28%) and 90 rpm (49%). Heart rate showed

no significant differences. Moreover, Carr et al. (86) showed

that working at a seated active pedal workstation significantly

increased EE (53.4%), heart rate (12%), and muscle activation of

the biceps femoris (42.1%) and vastus lateralis (59.8%) over the

sedentary workstation. The experimental trials were conducted

at a pedaling cadence of 45 rpm, comparable to 2.25 km/h.

Moreover, Horswill et al. (45) studied the HOVR device, a

pendulum with two discs at the end that allows leg movement

under the desk. When workers performed leg movements there

was an increase in metabolic rate (by 17.6% and 7%) compared

to sitting and standing, respectively. Studying the same HOVR

device, Koepp et al. (84) found a significant increase (18%)

in EE while using the under-the-table apparatus compared to

the standard chair. However, the observed changes were much

lower compared to a 1.6 km/h walking. Levine et al. found an

increased EE in workers using an under-desk device for leg

movement (98± 42 kcal/h) and a chair promoting fidgeting (89

± 40 kcal/h) compared to the use of a standard chair (76 ± 31

kcal/h) (87).
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FIGURE 2

Alternative workstations. Summary of the main pros and cons of the standing, walking, pedaling, and gymball sitting workstations.

As before, the employment of pedal workstations cannot

disregard the workers’ tolerance and productivity. There was

agreement among decrement of some finer motor tasks

(i.e., mouse pointing, click time, and typing) using a pedal

workstation compared to the standard chair. Besides, reported

decrements in seated conditions (with or without pedaling) were

surely lower than observed while walking (74). However, results

were controversial on whether cognitive functions were altered

(74) or not (86). Users’ liking and perceptions on the choice

of the most suitable workstation has certain effects on their

working performance. Tardif et al. (88) tested users’ experience

through a questionnaire on using a pedal or a standing desk.

They found a greater appreciation of the pedal desk over

standing for its effective, useful, functional, convenient, and

comfortable dimensions. During a standard 8-h working day,

97.6% of subjects reported that their typing proficiency could

not be influenced by a 4-h employment of the pedal desk (89).

Moreover, besides working productivity, the rates of compliance

deserve attention. Indeed, a high number of hours and days

of use are needed to improve health over long periods (90).

On this point, even though workers reported the pedaling

workstation as a feasible intervention, Carr et al. showed actual

compliance of 61% over 20 days and 37.7% over 84 days (91).

These studies suggest that workers may have used the devices

primarily during work breaks and that further environmental

modifications are necessary to encourage long-term use. Overall,

findings from scientific literature globally suggested that seated

pedal workstations offered a good balance between increased EE

and affection for working performance. Indeed, it represents a

tool to increase daily levels of NEAT, with a keen eye on work

quality and workers’ appreciation.

Gymnastic ball workstation

The employment of unstable devices such as gymnastic balls

is a popular practice in athletic professional (92), recreational

(93), and rehabilitation (94, 95) contexts. Several information

channels frequently suggest gymnastic ball sitting (at work,

home, libraries, and in many other environments), not always

with scientific awareness (96). Indeed, gymnastic balls with

respect to conventional chairs do not provide a stable base

of support and thus may require a higher commitment

to maintaining the body posture on top (97). Subjects are

constantly constrained to find balance adjustments to maintain

their posture (98). Thus, to preserve an adequate upright posture

while sitting on the gymnastic ball, subjects should increase

muscles’ activation and experience increased heart rate, with

a consequent higher metabolic rate (56, 99). In this regard,

Haller (99) demonstrated that EE was significantly higher (5.6%)

while sitting on a gymnastic ball than in a standard chair.

These findings are very similar to those in a later study that

found a higher EE (6%) when working on the gymnastic ball

than while sitting on the standard chair. EE registered in
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subjects seated on the gymnastic ball was also very similar

to that observed during the standing position (52). These

EE increments produced an estimated additional net of 32

kcal/day when calculated over a full-time working day (55).

As aforementioned, even though small, this extra amount of

EE could successfully influence weight gain prevention (35).

Although gymnastic ball application needs further insights to

deepen its role on EE, other aspects of “active sitting” require

to be acknowledged. For instance, gymnastic ball employment

in workplaces could improve posture and muscle activation

(100). However, controversial results can be found in the

scientific literature.

Gregory et al. investigated trunk muscle activation and

posture, comparing a standard office chair to a gymnastic

ball. Among the registered muscles (i.e., thoracic and lumbar

erector spinae, rectus abdominis, and external oblique), only

the thoracic erector spinae was found to increase muscle

activation (101). Similarly, Kingma et al. (102) found greater

trunk motion (33%) and variation in lumbar electromyography

activity (66%) in subjects seated on a gymnastic ball compared to

an office chair. Conversely, other authors showed no difference

in trunk muscle activation when users sat on a gymnastic ball

compared to a stable stool (103). Even though some authors

showed an increased self-perceived posture (100), long-term use

of gymnastic balls could be unproductive if accompanied by

discomfort (101–103). Other researchers suggested that trunk

muscle strength could positively influence the experienced

discomfort, often related to low back pain (104, 105). However,

it is hard to infer if an increase inmuscle strength could be due to

the working employment of the gymnastic ball. Finally, workers

can easily adopt gymnastic balls to obtain small behavioral

changes and reduce sedentary negative behaviors. However,

understanding whether the advantages of using a gymnastic ball

may offset the disadvantages is still an open question, especially

over long periods.

Conclusion

The NEAT approach in the workplace could contribute to

consciously increasing activity in sedentary workers. Surely,

structured exercise programs and an out-of-work active lifestyle

represent the best solutions to counteract epidemic obesity.

However, many people scarcely spent their leisure time doing

physical activity due to other competing personal, domestic,

and civic obligations. Indeed, as the working day takes up

a large amount of the daytime, the application of alternative

workstations will assist in the maintenance of a healthy weight.

Theoretical frameworks suggested that NEAT is impacted by

the environment (26). As such, using alternative workstations

in an 8-h working day might be enough to slow down

epidemic obesity. Moreover, Hill et al. showed that the median

of the distribution of estimated energy accumulation is 15

kcal/day, and 90% of the population showed a surplus of

50 or fewer kcal/day. This means that an intervention that

aims at reducing energy excess by 50 kcal/day could offset

weight gain in about 90% of the population (106). Table 1

summarizes the EE (kcal/min) of the above-analyzed alternative

workstations. As an assumption, considering that 1 kg of fat

is equivalent to ∼7,000 kcals, the kilograms of fat consumed

over a year are reported for each workstation. Thus, an

increase in EE (Table 1) was estimated for standing (∼1.1

kg/yr), seated pedal (∼9 kg/yr), and walking (∼21.5 kg/yr)

workstations over the standard seated position. We calculated

these values through simplistic estimations considering 8 h

of a working day, 22 working days in a month, and 11

working months in a year. Unfortunately, the only evidence

about EE on the gymnastic ball workstation (52) makes hard

the comparison with the other alternative workstations. As

a result, considering the potential benefits associated with

unstable devices (56, 99), this lack claims updated scientific

evidence. The reported increment (4.1 Kcal/h) over the

standard seated position is not sufficient to estimate EE over

a year-long period (52). To date, the scientific literature

deeply studying alternative workstations is still novel and

fragmentary. About this, Figure 2 summarizes the pros and cons

of new alternative workstations to point out their strengths

and shortcomings. In conclusion, alternative workstations are

ideally relevant opportunities for acting on the reduced EE

related to sedentary works. However, proposals of NEAT

approaches in the workplace must be optimized in compliance

with worker’s devices acceptance, and the safeguard of the

working tasks.
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