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Moving beyond
moderate-to-vigorous physical
activity: the role of light physical
activity during adolescence
Deborah M. Telford*, Rebecca M. Meiring and Silmara Gusso

Department of Exercise Sciences, University of Auckland, Auckland, New Zealand

Regular physical activity is an important component of a healthy lifestyle for young
people. However, an estimated 80% of adolescents globally are insufficiently
active. Traditionally, health benefits were attributed only to physical activity of at
least moderate intensity, and recommendations focused on achieving a
threshold of moderate-to-vigorous physical activity, without consideration of
other aspects of movement within the 24 h cycle. Recently, the overall daily
balance of active and sedentary behaviours has gained recognition as an
important determinant of health. However, the relationship between light
intensity physical activity and health has not been fully explored. In this
perspective paper, we discuss key challenges in defining, measuring and
analysing light physical activity which have hindered the advancement of
knowledge in this area. Next, we suggest three ways in which light physical
activity may enhance adolescent wellbeing: firstly, by replacing sedentary
behaviours to increase daily movement; secondly, by supporting the
accumulation of higher intensities of physical activity; and thirdly, by providing
positive experiences to facilitate lifelong engagement with physical activity. In
highlighting the importance of light physical activity during adolescence, we aim
to encourage critical reflection and the exploration of new approaches towards
physical activity within public health and beyond.

KEYWORDS

physical activity, sedentary behaviour, light intensity, time-use, movement behaviours,

adolescence, youth

1. Introduction

Regular physical activity during adolescence is beneficial for many aspects of health,

including cardiorespiratory fitness (1), bone health (2), cardiometabolic health (3), body

composition (4) and mental health (5). However, the time spent in physical activity

declines throughout adolescence at an average rate of approximately 6%–7% per year (6,

7) and an estimated 4 out of 5 adolescents worldwide are insufficiently active (8). As

those who are physically active during adolescence are more likely to engage with physical

activity later in life (9, 10), establishing an active lifestyle during this life-stage can

positively impact long-term health trajectories into adulthood, where physical inactivity is

a leading cause of morbidity and mortality (11). Therefore, it is essential to prioritise

adolescent physical activity on the global health agenda.

Efforts to combat physical inactivity in youth have primarily centred around the

accumulation of 60 min of daily moderate-to-vigorous physical activity (MVPA), in

accordance with guidelines (12). However, interventions targeting MVPA in adolescents

have been largely ineffective (13, 14). Furthermore, growing evidence on the adverse
01 frontiersin.org5
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effects of excessive sedentary behaviour throughout the day has

challenged the traditional MVPA-focused perspective, suggesting

that other aspects of movement, such as light physical activity

(LPA), might also play a crucial role in shaping overall health

and wellbeing throughout the lifespan (15, 16).

Engaging in LPA may be an attractive alternative to MVPA for

adolescents who are reluctant or unable to take part in higher

intensity physical activity. Fatigue and sleepiness are prevalent

issues during adolescence, affecting 30%–40% of healthy teens

(17), and lack of energy is a commonly reported barrier to

physical activity (18). LPA has a lower energy cost relative to

MVPA, and may present less of a barrier amongst those with

low energy. Additionally, LPA can be readily accumulated

through incidental activities, providing a way to increase daily

movement outside of structured physical activity programs.

Whilst sports participation can be of immense value during

adolescence (19), it does not appeal to all, and may be

challenging for some. For instance, engagement is typically low

amongst adolescents who experience mental health problems

(20). Increasing time spent in LPA may provide a more

accessible way to reap the benefits associated with physical

activity for adolescents who face participation barriers.

In recent years, research has shifted towards exploring the

health impact of movement behaviours throughout the whole day

(24 h behaviours), encompassing all physical activity, sedentary

behaviour and sleep (21, 22). Several countries have adopted 24 h

activity guidelines for youth which recommend a healthy balance

of 24 h behaviours, including several hours a day of LPA (23–

25). In adults, clear benefits of LPA for health are beginning to

emerge. In a meta-analysis of data from 15 cohort studies, LPA

was linked to a reduction in all-cause mortality, with a 40%

reduced risk for those with high LPA compared to those with

low LPA (26). However, the health impact of increasing time

spent in LPA relative to other 24 h behaviours during

adolescence is less well understood (27). This knowledge is

essential to our understanding of a healthy 24 h day.

In this paper, we highlight the potential importance of LPA for

adolescent health and wellbeing. We discuss current challenges

associated with the measurement and analysis of LPA, especially

the limitations of common measurement tools in distinguishing

LPA from sedentary behaviour or standing. In light of these

issues, we contend that the health benefits of LPA in adolescents

remain insufficiently explored. Additionally, we present a

perspective on LPA as an essential component of human

movement, integral to the accumulation of MVPA and the

development of a lifelong positive relationship with physical activity.
2. Definition, measurement and
analysis of LPA

LPA is defined by the World Health Organisation as a subset of

physical activity which is performed between 1.5 and 3 metabolic

equivalents (METs) (12), where one MET is the rate of oxygen

consumption while sitting at rest (28). By this definition, LPA

encompasses bodily movements produced by skeletal muscles
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requiring energy expenditure, but which do not substantially

increase the heart rate or breathing rate (12, 28). Examples of

LPA include doing household chores, playing active video games

and slow walking (29).

Another definition of LPA has emerged from 24 h time-use

paradigms, which propose a distinction between sedentary

behaviour (waking behaviours in a sitting or lying posture with

energy expenditure ≤1.5 METs) and physical activity (all other

waking behaviours) (30). Accordingly, LPA is expanded to include

not only movement performed at 1.5–3.0 METs but also activities

performed standing still (21) which might include standing while

watching TV or playing non-active video games (29). Whilst this

definition supports a parsimonious framework of 24 h activity, it

presents a challenge in LPA research, since incorporating standing

and moving within a single category may obscure differences in

their effects (31). An alternative framework, proposed by Pedišić
(32), treats standing as a separate category within the 24 h cycle,

distinct from LPA and sedentary behaviour. However, this

approach has not been widely adopted, and requires measurement

tools capable of assessing both posture and movement.

Accurate assessment of LPA is crucial but challenging.

Questionnaires lack the precision to capture incidental or lifestyle

physical activity, making them unsuitable for LPA measurement

(33). In contrast, accelerometers can assess movement

throughout the day. However, commonly used devices positioned

at the hip, waist or wrist lack the capacity to distinguish between

different postures, such as standing and sitting (34). Instead, 24 h

behaviours are estimated using accelerometry cut-points. Whilst

this method provides a reliable assessment of MVPA, estimation

of LPA is less precise (35), and standing time cannot be clearly

distinguished from sedentary behaviour or LPA.

An alternative class of accelerometers, worn on the thigh, offer

distinct advantages for LPA measurement. Devices designed for

this wear location can distinguish between different postures and

activities such as lying, sitting, standing and stepping, whilst also

assessing movement (36). Despite these benefits, thigh-worn

accelerometers are underutilised in adolescent research, perhaps

due to a lack of validated cut-points for the estimation of MVPA

with these devices (37). Greater adoption of methods which allow

standing time to be measured separately from LPA would be

advantageous to the study of LPA and its relationships with health.

Analysing relationships between LPA and health outcomes

presents further challenges, due to the complex nature of 24 h

behaviours. Multicollinearity is a fundamental issue, as changes in

one behaviour must be offset by changes in others. For example, if

sleep duration is reduced, there must be a compensating increase

in waking behaviours. Traditional statistical methods, such as

regression models, assume independence between variables,

making it difficult to establish the health benefits of one behaviour

whilst controlling for others. Recently, compositional data analysis

(CoDA) has been proposed to address this issue (38, 39). With

this method, 24 h behaviours are expressed in relative terms as

proportions of a whole day, and log-ratios are calculated which

reflect the time spent in one behaviour relative to others. These

log-ratios can then be analysed using traditional statistical methods

without violating independence assumptions.
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LPA’s unique position along the intensity spectrum between

sedentary behaviour and MVPA adds further complexity. As

changes in LPA can be offset by changes in either sedentary

behaviour or MVPA, greater LPA can reflect either a more active

or less active mix of 24 h behaviours. As a result, the health

impact of higher levels of LPA can be difficult to interpret if the

behaviour being replaced by LPA is not defined. This presents a

problem when using traditional multivariate regression.

Isotemporal substitution is a method of analysis which offers a

potential solution to this problem (40). With this method, all

behavioural components are included in a regression model bar

one. The regression coefficients represent the effects of replacing

each behaviour in the model with the behaviour that was

excluded from the model. Recently, compositional isotemporal

substitution methods have been developed, providing ways to

estimate the health impacts of reallocating time between

behaviours within a CoDA framework (41). The development

and use of new methods such as CoDA and isotemporal

substitution within time-use epidemiology offers great promise

for furthering our understanding of relationships between LPA

and health, provided that LPA can be measured accurately.
3. LPA and health

A large body of evidence supports the health benefits of MVPA

during adolescence (42). However, relatively little is known about

the health impact of LPA, which has been much less widely

studied (43). The effect of replacing sedentary behaviour with

LPA is of particular interest. Currently, evidence on the

physiological effects of sedentary behaviour in adolescents is

relatively limited. However, in adults, there is extensive evidence

linking sedentary behaviour to chronic diseases and early

mortality, and studies indicate that excessive sedentary behaviour

can have adverse physiological effects even when MVPA is above

guidelines (44). As chronic health problems are rising in younger

populations (45), it is vital to understand how the balance of

LPA and sedentary behaviour during adolescence might influence

health outcomes.

The available evidence regarding LPA and health in adolescents

is weakened by methodological challenges. Failure to adequately

control for other 24 h behaviours has been a pervasive issue in

time-use studies (32) and standing time is very rarely measured

or reported separately from LPA. Additionally, use of a variety of

accelerometry cut-points has resulted in inconsistent measures of

LPA (37) and studies have often failed to address the

complexities arising from LPA’s position on the intensity

spectrum, examining the effects of LPA per se rather than the

effects of replacing sedentary behaviour with LPA (43).

Nevertheless, existing evidence may offer clues to LPA’s

relationship with health during adolescence.

Two health outcomes which have been relatively widely studied

in relation to physical activity of differing intensities are

cardiometabolic health and obesity. In a 2016 review of physical

activity and health in school-aged youth, favourable associations

were found between LPA and some cardiometabolic health
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markers, including diastolic blood pressure, blood pressure z-

score, insulin resistance and HDL cholesterol (43). Recent studies

using isotemporal substitution also support the hypothesis that

LPA may be beneficial for cardiometabolic health in adolescents

(46, 47).

Concerning obesity, evidence for associations with LPA is

highly inconsistent, with a mixture of favourable, adverse and

null findings in studies prior to 2016 (43). Similar conflicting

results are seen in recent studies using CoDA (48, 49) and

isotemporal substitution (50–52), with adverse (48, 51), null (52),

mixed (49), and favourable (50) results.

Methodological issues in LPA measurement may contribute to

adverse and inconsistent findings in obesity research, in addition to

inconsistent measures of obesity and confounding factors such as

diet (53). In adults, a study comparing relationships between

adiposity markers and LPA assessed with thigh-worn and hip-

worn accelerometers found opposing results between the two

assessment methods, where associations were positive with thigh

placement and negative with hip placement (54). To the best of

our knowledge, only one study has examined LPA and obesity in

adolescents using thigh-worn accelerometers (55). In this study,

greater LPA was associated with lower BMI and skinfold

thickness after adjusting for MVPA, and associations were

stronger when standing time was excluded from LPA. These

findings indicate that relationships between LPA and adiposity

may be dependent on how LPA is conceptualized and assessed,

highlighting the need for precise, clearly defined measurement

methods.

Initial evidence suggests possible benefits of increasing LPA for

certain health outcomes, particularly cardiometabolic health.

However, very little is known about the impact of physical

activity of different intensities on other important outcomes,

including mental health (56, 57) and quality of life (58, 59)

where few studies have focused on LPA. Despite advances in

analytical methods, many studies continue to rely on more

established methods such as traditional linear regression.

Evidence is further limited by use of measurement tools and

protocols optimised for assessing MVPA, which lack the capacity

to measure LPA separately from standing time. Whilst

isotemporal substitution is now often used to assess the effects of

replacing LPA with other behaviours, to the best of our

knowledge this method has not yet been applied using data

collected with thigh-worn accelerometers in adolescents, which

potentially provide a more precise, well-defined measure of LPA.

Thus, the current state of evidence on the relationships between

LPA and health during adolescence remains limited, with a lack

of robust data.

As a growing body of research is focused on examining the

effects of substituting one behaviour with another, attention

should now turn to contexts within which these substitutions

might occur, and how 24 h behaviours interact in real life

situations, so that these findings might be used to inform

realistic behaviour change strategies. Currently, there is evidence

that shorter sleep duration in children and adolescents is

primarily offset by increased sedentary behaviour, rather than

physical activity (60). However, interactions between waking
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behaviours such as the impact of changes in LPA on other 24 h

behaviours remain unexplored.
4. LPA can support MVPA

LPA not only offers potential direct health benefits but may also

play a crucial role in supporting the accumulation of MVPA. Whilst

LPA and MVPA are commonly conceptualised as separate

behaviour categories, this does not reflect the reality of free-living,

where activities span a spectrum of intensities. For instance, in

youth sports, MVPA accounts for 30%–60% of team games and

practice sessions, and 10%–30% of individual sports sessions,

suggesting a sizeable portion of training time is spent in LPA,

standing, or at rest (61–64). Even activities involving continuous

MVPA, such as long-distance running, typically begin and end

with LPA to transition between rest and activity. Thus, LPA is

intrinsic to structured physical activity and is necessary for the

accumulation of MVPA within sports and leisure contexts.

Additionally, time spent in LPA increases opportunities for

unstructured, incidental bouts of MVPA. A slow walk to school

can transition into a fast walk if the situation demands it, whereas

this opportunity does not arise with motorised transport.

This potential coupling of LPA and MVPA may have

implications for behaviour change strategies. For instance, efforts

to substitute LPA for MVPA in order to reach the 60 min/day

MVPA threshold might prove counter-productive. Instead,

promoting lifestyle adjustments which increase LPA may be a

fruitful approach, leading to increased opportunities for

unstructured MVPA along the way. Walking interventions have

shown promise in increasing step count in adolescents (65),

providing initial support for this softer approach.
5. LPA can provide positive experiences

Efforts to determine the optimal volume and intensity of

physical activity to maximise health benefits are important to

inform public health policy and provide guidance for health

professionals. However, promoting positive experiences with

movement during adolescence, regardless of intensity, may

increase future engagement with physical activity, leading to

greater long-term public health benefits. Adolescents commonly

report past negative experiences as barriers to participation in

physical activity (61), indicating that the way people feel during

and after physical activity is of vital importance.

Intensity is one factor which influences the way people feel

during exercise, with a tendency for pleasurable feelings to

diminish as intensity increases (66). In adults, studies indicate that

feelings of pleasure tend to decline around the ventilatory

threshold when the breathing rate increases at a rate

disproportionate to oxygen uptake and steady-state activity can no

longer be maintained (66). Comparable results have been found in

adolescents, where most individuals reported displeasure during

high-intensity exercise, and even at a moderate intensity of 80% of

the ventilatory threshold, over 50% reported decreased feelings of
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intensity that feels good, those with more favourable responses to

moderate intensity exercise tend to select a higher intensity than

those with neutral or negative responses (68).

These results indicate that affective responses to exercise differ

amongst adolescents, and those who respond negatively at moderate

intensity tend to spend less time engaging in MVPA (67). Thus, LPA

may offer a unique opportunity to accumulate positive experiences

for inactive adolescents who experience displeasure during moderate

intensity exercise, although this is yet to be investigated.
6. Conclusion and future directions

In this brief perspective, we have highlighted ways in which

LPA might contribute to a healthy 24 h day during the pivotal

life-stage of adolescence. Whilst data on relationships between

LPA and health during adolescence is scarce, this should not be

interpreted as evidence of a lack of an effect, and further

research is needed to illuminate the role of LPA for health and

wellbeing in young people. Future studies should consider

employing methods which incorporate postural assessment such

as thigh-worn accelerometers, together with isotemporal

substitution methods, to unravel the health impact of changing

time spent in LPA relative to other behaviours, including

standing.

We have argued that LPA’s contribution goes beyond direct

health benefits, as LPA forms an integral part of human

movement, and is necessary for the accumulation of episodes of

higher intensity activity. Additionally, LPA during adolescence

may help to generate positive experiences of physical activity,

which may pave the way for greater future engagement.

To advance our understanding of a healthy 24 h day, we must

now move beyond a focus on MVPA to examine the potential of

all 24 h behaviours to benefit health and wellbeing. Here we have

focused on the role of LPA. However, we should also consider how

sleep and sedentary behaviours may contribute to wellbeing by, for

example, helping adolescents to recover from mental and physical

exertion and manage stress. Ultimately, by focusing on the short-

term goal of increasing MVPA, we may risk missing critical

opportunities for young people to progress towards a healthy

balance of 24 h behaviours, now and throughout the lifespan.
Data availability statement

The original contributions presented in the study are included

in the article. Further inquiries can be directed to the

corresponding author.
Author contributions

All authors contributed to conception of the article. DT wrote

the first draft of the manuscript. RMM and SG reviewed and edited
frontiersin.org

https://doi.org/10.3389/fspor.2023.1282482
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Telford et al. 10.3389/fspor.2023.1282482
the draft article. All authors contributed to the article and approved

the submitted version.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial
Frontiers in Sports and Active Living 059
relationships that could be construed as a potential conflict

of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the

editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.
References
1. Cao M, Quan M, Zhuang J. Effect of high-intensity interval training versus
moderate-intensity continuous training on cardiorespiratory fitness in children and
adolescents: a meta-analysis. Int J Environ Res Public Health. (2019) 16:1533.
doi: 10.3390/ijerph16091533

2. Krahenbühl T, Guimarães RF, Barros Filho AA, Gonçalves EM. Bone geometry
and physical activity in children and adolescents: systematic review. Rev Paul
Pediatr. (2018) 36:230–7. doi: 10.1590/1984-0462/;2018;36;2;00005

3. Ekelund U, Luan J, Sherar LB, Esliger DW, Griew P, Cooper A. Moderate to
vigorous physical activity and sedentary time and cardiometabolic risk factors in
children and adolescents. JAMA. (2012) 307:704–12. doi: 10.1001/jama.2012.156

4. Mateo-Orcajada A, González-Gálvez N, Abenza-Cano L, Vaquero-Cristóbal R.
Differences in physical fitness and body composition between active and sedentary
adolescents: a systematic review and meta-analysis. J Youth Adolesc. (2022)
51:177–92. doi: 10.1007/s10964-021-01552-7

5. Biddle SJH, Asare M. Physical activity and mental health in children and
adolescents: a review of reviews. Br J Sports Med. (2011) 45:886–95. doi: 10.1136/
bjsports-2011-090185

6. Cooper AR, Goodman A, Page AS, Sherar LB, Esliger DW, van Sluijs EMF, et al.
Objectively measured physical activity and sedentary time in youth: the international
children’s accelerometry database (ICAD). Int J Behav Nutr Phys Act. (2015) 12:113.
doi: 10.1186/s12966-015-0274-5

7. Dumith SC, Gigante DP, Domingues MR, Kohl HW. Physical activity change
during adolescence: a systematic review and a pooled analysis. Int J Epidemiol.
(2011) 40:685–98. doi: 10.1093/ije/dyq272

8. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in insufficient physical
activity among adolescents: a pooled analysis of 298 population-based surveys with 1.6
million participants. Lancet Child Adolesc Health. (2020) 4:23–35. doi: 10.1016/S2352-
4642(19)30323-2

9. Hayes G, Dowd KP, Macdonncha C, Donnelly AE. Tracking of physical activity
and sedentary behavior from adolescence to young adulthood: a systematic literature
review. J Adolesc Health. (2019) 65:446–54. doi: 10.1016/j.jadohealth.2019.03.013

10. Bélanger M, Sabiston CM, Barnett TA, O’Loughlin E, Ward S, Contreras G, et al.
Number of years of participation in some, but not all, types of physical activity during
adolescence predicts level of physical activity in adulthood: results from a 13-year
study. Int J Behav Nutr Phys Act. (2015) 12:76. doi: 10.1186/s12966-015-0237-x

11. Kohl HW, Craig CL, Lambert V, Inoue S, Alkandari R, Leetongin G, et al. The
pandemic of physical inactivity: global action for public health. Lancet. (2012)
380:294–305. doi: 10.1016/S0140-6736(12)60898-8

12. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al.
World Health Organization 2020 guidelines on physical activity and sedentary
behaviour. Br J Sports Med. (2020) 54:1451–62. doi: 10.1136/bjsports-2020-102955

13. Borde R, Smith JJ, Sutherland R, Nathan N, Lubans DR. Methodological
considerations and impact of school-based interventions on objectively measured
physical activity in adolescents: a systematic review and meta-analysis. Obes Rev.
(2017) 18:476–90. doi: 10.1111/obr.12517

14. Love R, Adams J, van Sluijs EMF. Are school-based physical activity
interventions effective and equitable? A meta-analysis of cluster randomized
controlled trials with accelerometer-assessed activity. Obes Rev. (2019) 20:859–70.
doi: 10.1111/obr.12823

15. Carson V, Hunter S, Kuzik N, Gray CE, Poitras VJ, Chaput JP, et al. Systematic
review of sedentary behaviour and health indicators in school-aged children and
youth: an update. Appl Physiol Nutr Metab. (2016) 41:S240–65. doi: 10.1139/
APNM-2015-0630/ASSET/IMAGES/APNM-2015-0630TAB7.GIF

16. Saunders TJ, McIsaac T, Douillette K, Gaulton N, Hunter S, Rhodes RE, et al.
Sedentary behaviour and health in adults: an overview of systematic reviews. Appl
Physiol Nutr Metab. (2020) 45:S197–217. doi: 10.1139/APNM-2020-0272/SUPPL_
FILE/APNM-2020-0272SUPPLC.DOCX

17. Findlay SM. The tired teen: a review of the assessment and management of the
adolescent with sleepiness and fatigue. Paediatr Child Health. (2008) 13:37–42. doi: 10.
1093/pch/13.1.37

18. Martins J, Marques A, Sarmento H, Carreiro da Costa F. Adolescents’
perspectives on the barriers and facilitators of physical activity: a systematic review
of qualitative studies. Health Educ Res. (2015) 30:742–55. doi: 10.1093/her/cyv042

19. Wilson OWA, Whatman C, Walters S, Keung S, Enari D, Rogers A, et al. The
value of sport: wellbeing benefits of sport participation during adolescence. Int
J Environ Res Public Health. (2022) 19:8579. doi: 10.3390/ijerph19148579

20. Hickingbotham MR, Wong CJ, Bowling AB. Barriers and facilitators to physical
education, sport, and physical activity program participation among children and
adolescents with psychiatric disorders: a systematic review. Transl Behav Med.
(2021) 11:1739–50. doi: 10.1093/tbm/ibab085

21. Rosenberger ME, Fulton JE, Buman MP, Troiano RP, Grandner MA, Buchner
DM, et al. The 24-hour activity cycle: a new paradigm for physical activity. Med Sci
Sports Exerc. (2019) 51:454–64. doi: 10.1249/MSS.0000000000001811

22. Rollo S, Antsygina O, Tremblay MS. The whole day matters: understanding 24-
hour movement guideline adherence and relationships with health indicators across
the lifespan. J Sport Health Sci. (2020) 9:493–510. doi: 10.1016/j.jshs.2020.07.004

23. TremblayMS,CarsonV, Chaput JP, ConnorGorber S,DinhT,DugganM, Faulkner
G,GrayCE,GruberR, JansonK, et al.Canadian24-hourmovement guidelines for children
and youth: an integration of physical activity, sedentary behaviour, and sleep.Appl Physiol
Nutr Metab. (2016) 41:S311–27. doi: 10.1139/apnm-2016-0151

24. Okely AD, Ghersi D, Loughran SP, Cliff DP, Shilton T, Jones RA, et al. A
collaborative approach to adopting/adapting guidelines. The Australian 24-hour
movement guidelines for children (5–12 years) and young people (13–17 years): an
integration of physical activity, sedentary behaviour, and sleep. Int J Beha Nutr Phys
Act. (2022) 19:2. doi: 10.1186/s12966-021-01236-2

25. New Zealand Ministry of Health. Sit less, move more, sleep well. Physical activity
guidelines for children and young people. (2017). 1–2. Available at: https://www.
tewhatuora.govt.nz/our-health-system/preventative-healthwellness/physical-activity/#
children-and-young-people-517-years

26. Ramakrishnan R, He JR, Ponsonby AL, Woodward M, Rahimi K, Blair SN, et al.
Objectively measured physical activity and all cause mortality: a systematic review and
meta-analysis. Prev Med (Baltim). (2021) 143:106356. doi: 10.1016/j.ypmed.2020.106356

27. Grgic J, Dumuid D, Bengoechea EG, Shrestha N, Bauman A, Olds T, et al. Health
outcomes associated with reallocations of time between sleep, sedentary behaviour, and
physical activity: a systematic scoping review of isotemporal substitution studies. Int
J Behav Nutr Phys Act. (2018) 15:69. doi: 10.1186/s12966-018-0691-3

28. Caspersen C, Powell K, Christenson G. Physical activity, exercise and physical
fitness: definitions and distinctions for health-related research. Public Health Rep.
(1985) 100:126–31. doi: 10.1177/2158244017712769

29. Butte NF, Watson KB, Ridley K, Zakeri IF, McMurray RG, Pfeiffer KA, et al. A
youth compendium of physical activities: activity codes and metabolic intensities. Med
Sci Sports Exerc. (2018) 50:246–56. doi: 10.1249/MSS.0000000000001430
frontiersin.org

https://doi.org/10.3390/ijerph16091533
https://doi.org/10.1590/1984-0462/;2018;36;2;00005
https://doi.org/10.1001/jama.2012.156
https://doi.org/10.1007/s10964-021-01552-7
https://doi.org/10.1136/bjsports-2011-090185
https://doi.org/10.1136/bjsports-2011-090185
https://doi.org/10.1186/s12966-015-0274-5
https://doi.org/10.1093/ije/dyq272
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1016/j.jadohealth.2019.03.013
https://doi.org/10.1186/s12966-015-0237-x
https://doi.org/10.1016/S0140-6736(12)60898-8
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1111/obr.12517
https://doi.org/10.1111/obr.12823
https://doi.org/10.1139/APNM-2015-0630/ASSET/IMAGES/APNM-2015-0630TAB7.GIF
https://doi.org/10.1139/APNM-2015-0630/ASSET/IMAGES/APNM-2015-0630TAB7.GIF
https://doi.org/10.1139/APNM-2020-0272/SUPPL_FILE/APNM-2020-0272SUPPLC.DOCX
https://doi.org/10.1139/APNM-2020-0272/SUPPL_FILE/APNM-2020-0272SUPPLC.DOCX
https://doi.org/10.1093/pch/13.1.37
https://doi.org/10.1093/pch/13.1.37
https://doi.org/10.1093/her/cyv042
https://doi.org/10.3390/ijerph19148579
https://doi.org/10.1093/tbm/ibab085
https://doi.org/10.1249/MSS.0000000000001811
https://doi.org/10.1016/j.jshs.2020.07.004
https://doi.org/10.1139/apnm-2016-0151
https://doi.org/10.1186/s12966-021-01236-2
https://www.tewhatuora.govt.nz/our-health-system/preventative-healthwellness/physical-activity/#children-and-young-people-517-years
https://www.tewhatuora.govt.nz/our-health-system/preventative-healthwellness/physical-activity/#children-and-young-people-517-years
https://www.tewhatuora.govt.nz/our-health-system/preventative-healthwellness/physical-activity/#children-and-young-people-517-years
https://doi.org/10.1016/j.ypmed.2020.106356
https://doi.org/10.1186/s12966-018-0691-3
https://doi.org/10.1177/2158244017712769
https://doi.org/10.1249/MSS.0000000000001430
https://doi.org/10.3389/fspor.2023.1282482
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Telford et al. 10.3389/fspor.2023.1282482
30. Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer-Cheung AE,
et al. Sedentary behavior research network (SBRN)-terminology consensus project
process and outcome. Int J Behav Nutr Phys Act. (2017) 14:75. doi: 10.1186/s12966-
017-0525-8

31. Dowd KP, Harrington DM, Hannigan A, Donnelly AE. Light-intensity physical
activity is associated with adiposity in adolescent females. Med Sci Sports Exerc. (2014)
46:2295–300. doi: 10.1249/MSS.0000000000000357

32. Pedišić Ž. Measurement issues and poor adjustments for physical activity and sleep
undermine sedentary behaviour research—the focus should shift to the balance between
sleep, sedentary behaviour, standing and activity. Kinesiology. (2014) 46:135–46.

33. Strath SJ, Kaminsky LA, Ainsworth BE, Ekelund U, Freedson PS, Gary RA, et al.
Guide to the assessment of physical activity: clinical and research applications. A
scientific statement from the American Heart Association. Circulation. (2013)
128:2259–79. doi: 10.1161/01.cir.0000435708.67487.da

34. Hart TL, Ainsworth BE, Tudor-Locke C. Objective and subjective measures of
sedentary behavior and physical activity. Med Sci Sports Exerc. (2011) 43:449–56.
doi: 10.1249/MSS.0b013e3181ef5a93

35. Lynch BA, Kaufman TK, Rajjo TI, Mohammed K, Kumar S, Murad MH, et al.
Accuracy of accelerometers for measuring physical activity and levels of sedentary
behavior in children: a systematic review. J Prim Care Community Health. (2019)
10:1–8. doi: 10.1177/2150132719874252

36. Edwardson CL, Maylor BD, Dawkins NP, Plekhanova T, Rowlands A V.
Comparability of postural and physical activity metrics from different accelerometer
brands worn on the thigh: data harmonization possibilities. Meas Phys Educ Exerc
Sci. (2022) 26:39–50. doi: 10.1080/1091367X.2021.1944154

37. Kim Y, Beets MW, Welk GJ. Everything you wanted to know about selecting the
“right” actigraph accelerometer cut-points for youth, but…: a systematic review. J Sci
Med Sport. (2012) 15:311–21. doi: 10.1016/j.jsams.2011.12.001

38. Dumuid D, Stanford TE, Martin-Fernández J-A, Eljko Ž, Pedišić P, Maher CA,
et al. Compositional data analysis for physical activity, sedentary time and sleep
research. Stat Methods Med Res. (2018) 27:3726–38. doi: 10.1177/0962280217710835

39. Chastin SFM, Palarea-Albaladejo J, Dontje ML, Skelton DA. Combined effects of
time spent in physical activity, sedentary behaviors and sleep on obesity and cardio-
metabolic health markers: a novel compositional data analysis approach. PLoS One.
(2015) 10:e139984. doi: 10.1371/journal.pone.0139984

40. Mekary RA, Willett WC, Hu FB, Ding EL. Isotemporal substitution paradigm
for physical activity epidemiology and weight change. Am J Epidemiol. (2009)
170:519–27. doi: 10.1093/AJE/KWP163

41. Dumuid D, Eljko Ž, Pedišić P, Stanford TE, Martín-Fernández J-A, Hron K,
et al. The compositional isotemporal substitution model: a method for estimating
changes in a health outcome for reallocation of time between sleep, physical activity
and sedentary behaviour. Stat Methods Med Res. (2019) 28:846–57. doi: 10.1177/
0962280217737805

42. Chaput JP, Willumsen J, Bull F, Chou R, Ekelund U, Firth J, et al. 2020 WHO
guidelines on physical activity and sedentary behaviour for children and adolescents
aged 5–17 years: summary of the evidence. Int J Behav Nutr Phys Act. (2020)
17:141. doi: 10.1186/s12966-020-01037-z

43. Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput JP, Janssen I, et al.
Systematic review of the relationships between objectively measured physical activity
and health indicators in school-aged children and youth. Appl Physiol Nutr Metab.
(2016) 41:S197–239. doi: 10.1139/APNM-2015-0663

44. Pinto AJ, Bergouignan A, Dempsey PC, Roschel H, Owen N, Gualano B, et al.
Physiology of sedentary behavior. Physiol Rev. (2023) 103:2561–622. doi: 10.1152/
physrev.00022.2022

45. Anderson E, Durstine JL. Physical activity, exercise, and chronic diseases: a brief
review. Sports Med Health Sci. (2019) 1:3–10. doi: 10.1016/j.smhs.2019.08.006

46. Moura BP, Rio R, Rufino L, Faria RC, Roberto P, Amorim S. Effects of
isotemporal substitution of sedentary behavior with light-intensity or moderate-to-
vigorous physical activity on cardiometabolic markers in male adolescents. PLoS
One. (2019) 14:e0225856. doi: 10.1371/journal.pone.0225856

47. Hansen BH, Anderssen SA, Andersen LB, Hildebrand M, Kolle E, Steene-
Johannessen J, et al. Cross-sectional associations of reallocating time between
sedentary and active behaviours on cardiometabolic risk factors in young people: an
international children’s accelerometry database (ICAD) analysis. Sports Med. (2018)
48:2401–12. doi: 10.1007/s40279-018-0909-1

48. Talarico R, Janssen I. Compositional associations of time spent in sleep,
sedentary behavior and physical activity with obesity measures in children. Int
J Obes. (2018) 42:1508–14. doi: 10.1038/s41366-018-0053-x
Frontiers in Sports and Active Living 0610
49. Gába A, Dygrýn J, Štefelová N, Rubín L, Hron K, Jakubec L. Replacing school
and out-of-school sedentary behaviors with physical activity and its associations
with adiposity in children and adolescents: a compositional isotemporal substitution
analysis. Environ Health Prev Med. (2021) 26:16. doi: 10.1186/s12199-021-00932-6

50. Del Pozo-Cruz B, Gant N, Del Pozo-Cruz J, Maddison R. Relationships between
sleep duration, physical activity and body mass index in young New Zealanders: an
isotemporal substitution analysis. PLoS One. (2017) 12:e0184472. doi: 10.1371/
JOURNAL.PONE.0184472

51. Dalene KE, Anderssen SA, Andersen LB, Steene-Johannessen J, Ekelund U,
Hansen BH, et al. Cross-sectional and prospective associations between physical
activity, body mass index and waist circumference in children and adolescents. Obes
Sci Pract. (2017) 8:249–57. doi: 10.1002/osp4.114

52. Loprinzi PD, Cardinal BJ, Lee H, Tudor-Locke C. Markers of adiposity among
children and adolescents: implications of the isotemporal substitution paradigm with
sedentary behavior and physical activity patterns. J Diabetes Metab Disord. (2015)
14:46. doi: 10.1186/s40200-015-0175-9

53. Hardy LR, Harrell JS, Bell RA. Overweight in children: definitions,
measurements, confounding factors, and health consequences. J Pediatr Nurs.
(2004) 19:376–84. doi: 10.1016/j.pedn.2004.11.001

54. Rasmussen C L, Johansson MS, Crowley P, Fjeldstad Hendriksen P, Skotte J,
Gupta N, et al. Light-intensity physical activity derived from count or activity types
is differently associated with adiposity markers. Scand J Med Sci Sports. (2020)
30:1966–75. doi: 10.1111/sms.13743

55. Dowd KP, Harrington DM, Donnelly AE. Criterion and concurrent validity of
the activPALTM professional physical activity monitor in adolescent females. PLoS
One. (2012) 7:e47633. doi: 10.1371/journal.pone.0047633

56. Felez-Nobrega M, Bort-Roig J, Ma R, Romano E, Faires M, Stubbs B, et al. Light-
intensity physical activity and mental ill health: a systematic review of observational
studies in the general population. Int J Behav Nutr Phys Act. (2021) 18:123. doi: 10.
1186/s12966-021-01196-7

57. Pascoe M, Bailey AP, Craike M, Carter T, Patten R, Stepto N, et al. Physical
activity and exercise in youth mental health promotion: a scoping review. BMJ
Open Sp Ex Med. (2020) 6:e000677. doi: 10.1136/bmjsem-2019-000677

58. Wong M, Lycett K, Olds T, Gold L, Wake M. Use of time and adolescent health-
related quality of life/well-being: a scoping review. Acta Paediatr. (2017) 106:1239–45.
doi: 10.1111/APA.13929

59. Marker A, Steele R, Noser A. Physical activity and health-related quality of life in
children and adolescents: a systematic review and meta-analysis. Health Psychol.
(2018) 37:893–903. doi: 10.1037/hea0000653.supp

60. Gába A, Dygrýn J, Štefelová N, Rubín L, Hron K, Jakubec L, et al. How do short
sleepers use extra waking hours? A compositional analysis of 24-h time-use patterns
among children and adolescents. Int J Behav Nutr Phys Act. (2020) 17:104. doi: 10.
1186/s12966-020-01004-8

61. Leek D, Carlson JA, Cain KL, Henrichon S, Rosenberg D, Patrick K, et al.
Physical activity during youth sports practices. Arch Pediatr Adolesc Med. (2011)
165:294–9. doi: 10.1001/archpediatrics.2010.252

62. Guagliano JM, Rosenkranz RR, Kolt GS. Girls’ physical activity levels during
organized sports in Australia. Med Sci Sports Exerc. (2013) 45:116–22. doi: 10.1249/
MSS.0B013E31826A0A73

63. Gavin KW, Lane A, Dowd KP. The contribution of gaelic football participation
to youth physical activity levels. J Sports Sci Med. (2020) 19:652–61. (Accessed June 13,
2023).

64. Smith M, Berdel D, Nowak D, Heinrich J, Schulz H. Sport engagement by
accelerometry under field conditions in German adolescents: results from GINIPlus.
PLoS One. (2015) 10:e0135630. doi: 10.1371/journal.pone.0135630

65. Carlin A, Murphy MH, Gallagher AM. Do interventions to increase walking
work? A systematic review of interventions in children and adolescents. Sports Med.
(2016) 46:515–30. doi: 10.1007/s40279-015-0432-6

66. Ekkekakis P, Parfitt G, Petruzzello SJ. The pleasure and displeasure people feel
when they exercise at different intensities: decennial update and progress towards a
tripartite rationale for exercise intensity prescription. Sports Med. (2011) 41:641–71.
doi: 10.2165/11590680-000000000-00000

67. Schneider M, Dunn A, Cooper D. Affect, exercise, and physical activity among
healthy adolescents. J Sport Exerc Psychol. (2009) 31:706–23. doi: 10.1123/jsep.31.6.706

68. Schneider M, Schmalbach P. Affective response to exercise and preferred
exercise intensity among adolescents. J Phys Act Health. (2015) 12:546–52. doi: 10.
1123/jpah.2013-0442
frontiersin.org

https://doi.org/10.1186/s12966-017-0525-8
https://doi.org/10.1186/s12966-017-0525-8
https://doi.org/10.1249/MSS.0000000000000357
https://doi.org/10.1161/01.cir.0000435708.67487.da
https://doi.org/10.1249/MSS.0b013e3181ef5a93
https://doi.org/10.1177/2150132719874252
https://doi.org/10.1080/1091367X.2021.1944154
https://doi.org/10.1016/j.jsams.2011.12.001
https://doi.org/10.1177/0962280217710835
https://doi.org/10.1371/journal.pone.0139984
https://doi.org/10.1093/AJE/KWP163
https://doi.org/10.1177/0962280217737805
https://doi.org/10.1177/0962280217737805
https://doi.org/10.1186/s12966-020-01037-z
https://doi.org/10.1139/APNM-2015-0663
https://doi.org/10.1152/physrev.00022.2022
https://doi.org/10.1152/physrev.00022.2022
https://doi.org/10.1016/j.smhs.2019.08.006
https://doi.org/10.1371/journal.pone.0225856
https://doi.org/10.1007/s40279-018-0909-1
https://doi.org/10.1038/s41366-018-0053-x
https://doi.org/10.1186/s12199-021-00932-6
https://doi.org/10.1371/JOURNAL.PONE.0184472
https://doi.org/10.1371/JOURNAL.PONE.0184472
https://doi.org/10.1002/osp4.114
https://doi.org/10.1186/s40200-015-0175-9
https://doi.org/10.1016/j.pedn.2004.11.001
https://doi.org/10.1111/sms.13743
https://doi.org/10.1371/journal.pone.0047633
https://doi.org/10.1186/s12966-021-01196-7
https://doi.org/10.1186/s12966-021-01196-7
https://doi.org/10.1136/bmjsem-2019-000677
https://doi.org/10.1111/APA.13929
https://doi.org/10.1037/hea0000653.supp
https://doi.org/10.1186/s12966-020-01004-8
https://doi.org/10.1186/s12966-020-01004-8
https://doi.org/10.1001/archpediatrics.2010.252
https://doi.org/10.1249/MSS.0B013E31826A0A73
https://doi.org/10.1249/MSS.0B013E31826A0A73
https://doi.org/10.1371/journal.pone.0135630
https://doi.org/10.1007/s40279-015-0432-6
https://doi.org/10.2165/11590680-000000000-00000
https://doi.org/10.1123/jsep.31.6.706
https://doi.org/10.1123/jpah.2013-0442
https://doi.org/10.1123/jpah.2013-0442
https://doi.org/10.3389/fspor.2023.1282482
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Frontiers in Public Health 01 frontiersin.org

Generation Pep – study protocol 
for an intersectoral 
community-wide physical activity 
and healthy eating habits initiative 
for children and young people in 
Sweden
Matti Leijon 1,2,3*, Albin Algotson 4, Susanne Bernhardsson 5,6, 
David Ekholm 7, Lydia Ersberg 1, Malin J-son Höök 1, 
Carolina Klüft 1,8, Ulrika Müssener 2, Elisabeth Skoog Garås 9 and 
Per Nilsen 2,10

1 Generation Pep, Stockholm, Sweden, 2 Department of Health, Medicine and Caring Sciences, 
Linköping University, Linköping, Sweden, 3 Department of Learning, Informatics, Management and 
Ethics, Karolinska Institutet, Stockholm, Sweden, 4 Department of Management and Engineering, 
Faculty of Science and Engineering, Linköping University, Linköping, Sweden, 5 Region Västra 
Götaland, Research, Education, Development, and Innovation Primary Health Care, Gothenburg, 
Sweden, 6 Department of Health and Rehabilitation, Unit of Physiotherapy, Sahlgrenska Academy, 
Institute of Neuroscience and Physiology, University of Gothenburg, Gothenburg, Sweden, 
7 Department of Culture and Society, Linköping University, Linköping, Sweden, 8 Sahlgrenska Academy, 
University of Gothenburg, Gothenburg, Sweden, 9 The Swedish Association of Local Authorities and 
Regions, Stockholm, Sweden, 10 School of Health and Welfare, Halmstad University, Halmstad, Sweden

Background: There is overwhelming evidence for the preventive effects of 
regular physical activity and healthy eating habits on the risk for developing 
a non-communicable disease (NCD). Increasing attention has been paid to 
community-wide approaches in the battle against NCDs. Communities can 
create supportive policies, modify physical environments, and foster local 
stakeholder engagement through intersectoral collaboration to encourage 
communities to support healthy lifestyles. The Pep initiative is based on 
intersectoral community-wide collaboration among Sweden’s municipalities. 
Primary targets are municipality professionals who work with children and young 
people as well as parents of children <18  years. The goal is to spread knowledge 
and create commitment to children’s and young people’s health with a special 
focus on physical activity and healthy eating habits to facilitate and support a 
healthy lifestyle. The overarching aim of the research project described in this 
study protocol is to investigate factors that influence the implementation of the 
Pep initiative in Sweden, to inform tailored implementation strategies addressing 
the needs and local prerequisites of the different municipalities.

Methods: The project includes a qualitative and a quantitative study and 
is framed by a theoretical model involving four complementary forms of 
knowledge, explicitly recognized in the Pep initiative: knowledge about the issue; 
knowledge about interventions; knowledge about the context; and knowledge 
about implementation. Study 1 is a focus group study exploring barriers and 
facilitators for implementing the Pep initiative. The study will be carried out in 
six municipalities, selected purposively to provide wide variation in municipality 
characteristics, including population size and geographical location. Data will 
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be  analyzed using thematic analysis. Study 2 is a cross-sectional web-based 
survey investigating the implementability of the Pep initiative in Sweden’s 290 
municipalities. Conditions for implementing different areas of the Pep initiative 
will be examined in terms of the acceptability, appropriateness, and feasibility, 
three predictors of implementation success. Data will be analyzed using non-
parametric statistics.

Discussion: The findings of the two studies will increase understanding of the 
prerequisites for implementing the Pep initiative in Swedish municipalities, 
which will provide valuable input into how implementation of the Pep initiative 
can best be facilitated in the different municipality settings.

KEYWORDS

physical activity, eating habits, community-wide, intersectoral, public health, 
implementation, children, young people

Background

Introduction

There is an alarming worldwide growth in the prevalence of 
non-communicable diseases (NCDs), such as cardiovascular diseases, 
type II diabetes, and cancer. Noncommunicable diseases account for 
74% of all deaths globally, corresponding to 41 million deaths each 
year, of which17 million are people under the age of 70 (1). According 
to the International Diabetes Federation (IDF), 537 million adults 
worldwide were living with diabetes in (2), a rise of 16% since the 
previous IDF estimates in 2019 (2). Several reports have also indicated 
that NCDs increasingly affect younger generations (3, 4).

Lifestyle behaviors, particularly physical inactivity and unhealthy 
eating habits, are strongly associated with NCDs (5–8). There is 
overwhelming evidence for the preventive effects of regular physical 
activity and healthy eating habits on the risk of developing an NCD 
(9). For example, a 25% reduction in physical inactivity is estimated 
to prevent about 1.3 million NCD-related deaths annually (10). 
Combining physical activity and a healthy diet can prevent a 
significant proportion of the 18 million deaths caused by high blood 
pressure, high body mass index, high fasting blood glucose, and high 
total cholesterol (11).

Despite the evidence base for the health benefits of lifestyle 
changes, research shows that it is difficult to make changes in physical 
activity and eating habits (12). Poor adherence to regular physical 
activity is a well-documented challenge among people with obesity, 
diabetes, heart disease, and many other health conditions. Many 
people also face numerous obstacles to improving their diet, e.g., lack 
of time to cook at home, financial issues, insufficient support from 
family and friends, and poor knowledge about what constitutes a 
healthier diet (13).

In the battle against NCDs, increasing attention has been paid to 
community-wide approaches to reduce the prevalence of 
cardiovascular diseases, diabetes, and cancer in populations. These 
approaches differ from traditional linear models of cause-and-effect, 
e.g., interventions directed at individuals and targeting a specific 
health problem (14). Communities can create supportive policies, 
modify physical environments, and foster engagement from local 
stakeholders to encourage whole communities to support healthy 
lifestyles (15, 16). Intersectoral collaboration among public and private 

organizations in the community is seen as a key to achieving successful 
community-wide initiatives (17).

Public health in Sweden

The responsibility for public health-related issues in Sweden is 
shared between 290 municipalities, 21 regions (formerly known as 
county councils), and the state. All government levels in Sweden–
national, regional, and local (municipalities) –carry out public health 
activities and services that affect public health. The national level 
issues laws, regulations, and policies, and sometimes leads specific 
initiatives to set the direction for activities at the regional and local 
levels, still local government enjoys a certain degree of autonomy in 
carrying out services. Several national public agencies are involved in 
public health activities, e.g., the Public Health Agency of Sweden, the 
National Board of Health and Welfare, the Swedish National Board of 
Housing, Building and Planning, the Swedish Food Agency, and the 
Swedish Medical Products Agency. Much of the national public health 
policy is aimed at creating societal conditions for good and equal 
health in the entire population and at reducing differences between 
different groups in structural determinants that affect public health - 
which also are conducive to healthy lifestyles.

The regions are mainly responsible for providing publicly funded 
health services, regional development, and local transport. The 
municipalities are responsible for the welfare of its residents, providing 
preschool, primary and secondary level education, care for older 
people and people with disabilities, social welfare, and physical 
planning. Both regions and municipalities make decisions about the 
services that are closest to their citizens, in particular concerning 
public health and welfare services (18). Regions and municipalities are 
represented at the national level by the Swedish Association of Local 
Authorities and Regions (SALAR), which participates on behalf of its 
members in discussions on policies regarding public health 
matters (18).

Sweden has a tradition of broad public health initiatives to support 
healthy lifestyles among the entire population. The overarching 
objective of the public health work is to achieve equitable health 
throughout the population, with a pronounced goal to reduce 
avoidable health inequalities within a generation (19). The work for 
the public health and welfare of the population in Sweden is often 
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intersectoral, involving not only the regions and municipalities but 
also many governmental and non-governmental organizations.

The Pep initiative

The Pep initiative was launched within Generation Pep, which is 
a non-governmental, non-profit organization with a vision that “All 
children and young people should have good opportunities to live an 
active and healthy life” (20). The primary targets of the Pep initiative 
are municipality professionals who work with children and young 
people, as well as parents of children under 18 years of age. The goal is 
to disseminate knowledge and create commitment to children’s and 
young people’s health, with a special focus on physical activity and 
healthy eating habits to facilitate a healthy lifestyle. The ambition is to 
challenge existing structures, cultures, and other barriers in Sweden’s 
290 municipalities that might exist with regard to achieving increased 
physical activity and healthy eating habits among children and young 
people. The initiators of Generation Pep are the Crown Princess 
couple of Sweden and the organization is financially supported by a 
number of Swedish companies and foundations.

The Pep initiative is based on intersectoral collaboration in the 
municipalities, both informal networking and formal inter-agency 
collaboration among public, non-governmental, and private 
organizations. Therefore, the initiative involves many local actors, 
including municipality leadership, planning and maintenance 
(concerning playgrounds, green areas, forests, roads, bicycle lanes, 
outdoor and indoor sports and exercise facilities, etc.), preschools, 
schools, the region’s health services, including primary, maternity and 
child healthcare, non-governmental organizations, businesses, and 
sport and recreation associations.

The Pep initiative was inspired by a number of key themes (also 
called “investments”) characterizing multi-level community-wide 
programs that are considered most likely to influence physical activity 
according to the International Society for Physical Activity and Health 
(ISPAH) (21). ISPAH is an international organization working to 
advance research, policy and practice to promote physical activity and 
establish consensus on “what works” to achieve increased physical 
activity. Five ISPAH investments have inspired Pep.

Whole-of-school programs
It is desirable to promote physical activity to all members of the 

school community through supportive policies, environments, and 
sustainable opportunities, e.g., physical education programs that 
develop confidence, competence, and motivation to be active, active 
classrooms, and activities during recess/break times.

Active transport
Active transportation to and from places facilitates physical 

activity for many people, e.g., by improving destination accessibility, 
designing pedestrian-friendly and cycling-friendly infrastructure, 
reducing distance to public transport, and enhancing the desirability 
of active travel modes.

Active urban design
The way urban and suburban environments are built and designed 

matters for physical activity. It is desirable to create neighborhoods 

that locate shops, schools, parks, recreational facilities, jobs, and other 
services near homes and provide highly connected street networks 
that make it easy for people to walk and cycle to destinations.

Health care
Healthcare professionals are well positioned to promote physical 

activity since they meet large proportions of the population and are a 
trusted source of health advice. Provision of brief advice and 
counseling is important, particularly when linked with community 
opportunities and support. Brief interventions can be augmented by 
“physical activity on prescription,” an effective but underutilized 
method to increase physical activity.

Sports and recreation for all
Participation in sports and recreation can be encouraged through 

the provision of accessible and appropriate places and spaces, 
including both indoor and outdoor facilities as well as opportunities 
through formal and informal clubs and programs.

The Pep initiative has added two themes.

Food environment for better health
This theme recognizes that the food environment, and not just our 

food habits, is decisive for what we eat. The theme is inspired by the 
Public Health Agency of Sweden, which is developing a proposal 
together with the Swedish Food Agency for national goals and 
indicators to achieve sustainable food consumption (22).

Children’s perspective
This theme is inspired by the non-negotiable standards and 

obligations of the United Nations’ Convention on the Rights of the 
Child (23). The standards were adopted by the United Nations in 1989 
and were ratified by Sweden in 1990 before becoming a law in 2020. 
The treaty sets minimum entitlements and freedoms that should 
be  respected by governments. The four core principles of the 
Convention are: non-discrimination; devotion to the best interests of 
the child; the right to life, survival and development; and respect for 
the views of the child. The Convention says childhood is separate from 
adulthood and is a special, protected time, in which children must 
be allowed to grow, learn, play, develop, and flourish with dignity. The 
Convention is used to promote a focus on children, e.g., when 
municipalities plan playgrounds, schoolyards, and the physical 
environment of school cafeterias.

The seven themes are supplemented by national recommendations, 
including guidelines for physical activity and sedentary habits issued 
by the Public Health Agency (22) and the equivalent for food and diet 
by the National Food Administration (24).

Generation Pep produces a wealth of information materials of 
relevance for the seven themes, including various guides, checklists, 
and manuals, for possible use by the initiative and by the 
municipalities. Examples include the web-based platform Pep School, 
a free digital support tool for all schools in Sweden targeting employees 
within the educational sector. It includes an inspiration bank 
concerning physical activity and healthy food, focusing on six areas: 
school meal as an educational tool; active breaks; nutritious food in 
school; physical activity as a natural part of the education; pleasant 
school meals; physical activity in connection to the school day. A 
similar platform called Pep preschool is also available. Pep Park 
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provides a framework for municipalities’ playgrounds with the aim of 
increasing knowledge and creating opportunities for physical activity 
for all children, including guidance on appropriate equipment for 
children with disabilities and places that invite adults to be physically 
active together with children. Street Pep is a week-long mobile activity 
festival for children and young people to try out sports and activities 
with healthy food. Pep Day is a cost-free activity with the goal of 
lowering the barriers for children to find their favorite activity and 
providing information about healthy eating habits and physical 
activity in a fun way. Another example is the book Saga Sagor, which 
has been produced for distribution in child healthcare (25). It includes 
inspirational tips for children and parents to be active and has been 
translated into Arabic, Somali and English. The book was distributed 
in 2019 to all five-year olds nationally, with 500,000 copies delivered 
thus far.

Aim

The overarching aim of this research project is to investigate 
factors that influence the implementation of the Pep initiative in 
Sweden, with the goal to acquire knowledge to select and execute 
relevant strategies to support the different themes of the initiative. This 
is achieved through two studies which are described in this 
study protocol.

Methods

Theoretical framework

The research-informed Pep initiative is aimed at improving 
physical activity and healthy eating habits among children and young 
people, using an intersectoral community-wide approach. A 

conceptual model was developed by the authors that describes four 
complementary forms of knowledge, explicitly recognized in the 
initiative (Figure 1; Table 1). The model is intended to form a common 
understanding among the different stakeholders in the Pep initiative 
of the types of knowledge necessary to achieve the desired change, and 
has been used in the planning and development of the initiative as well 
as this research project. The four knowledge forms are visually 
represented by a four-leaf clover: knowledge about the issue; 
knowledge about interventions; knowledge about the context; and 
knowledge about implementation.

Knowledge about the issue
The starting point for any public health initiative is knowledge 

about the issue that will be addressed. This knowledge is often based 
on epidemiological and etiological research that provides input 
concerning the distribution and determinants of various issues which 
affect the health. This research can also generate knowledge 
concerning differences and disparities in the population, e.g., 
regarding factors such as age, gender, residence, and 
socioeconomic status.

The Pep initiative is based on current epidemiological and 
etiological evidence with regard to physical activity and eating habits 
as presented in the handbook FYSS (26) and Nordic Nutrition 
Recommendations 2012: Integrating nutrition and physical activity. Part 
1 (24). “FYSS” is an acronym that stands for “physical activity in 
disease prevention and treatment” in Swedish. FYSS is published by 
the Professional Associations for Physical Activity, an organization 
within the Swedish Society for Medicine (where also the first Swedish 
version of the ISPAH investments was presented). Meanwhile, Nordic 
Nutrition Recommendations 2012: Integrating nutrition and physical 
activity. Part 1. is published by the Nordic Council of Ministers, an 
official body for inter-governmental co-operation in the Nordic 
Region, which seeks Nordic solutions when the countries can achieve 
more together than by working on their own (24).

FIGURE 1

Four-leaf clover representing the four forms of knowledge informing the Pep initiative.
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Knowledge about interventions
Secondly, knowledge about interventions is required to develop, 

plan and execute intersectoral community-wide initiatives. 
Interventions are purposive efforts to change the natural order of 
things or a foreseeable sequence of events (27). Intervene literally 
means “to come between,” from Latin inter (“between”) and venire 
(“to come”). Evidence of intervention effectiveness is often based on 
the results of stand-alone interventions that target a specific and often 
narrowly defined issue. This input is not always useful when 
addressing multiple lifestyle issues in communities using 
interventions that target different levels and sectors of society. Still, 
there is a growing evidence base pertaining to broader community-
wide initiatives for physical activity and healthy eating habits (15, 
21, 28).

The interventions in the Pep initiative are influenced by five 
ISPAH themes (21), the theme on food environment based on Nordic 
nutrition recommendations (24) and the joint Public Health Agency/
National Food Agency proposal on sustainable food consumption 
(22), and the theme on the child’s perspective. An additional ISPAH 
theme, community-wide initiatives, is the basis for the whole Pep 
initiative. Research has documented positive impact of community-
wide programs for increasing physical activity, particularly levels of 
walking and active transport (28, 29). There is also evidence showing 
the importance of environmental change approaches (30). Changes 
in built environment infrastructure, alongside media campaigns, 
have been shown to increase active travel physical activity (31, 32).

Knowledge about the context
Thirdly, knowledge about the context is needed due to the highly 

context-sensitive nature of implementing interventions and programs 
in communities. Accounting for the context may be  particularly 
relevant when implementing broad, complex programs such as the 
Pep initiative. The term “context” is derived from the Latin cum 
(“with” or “together”) and texere (“to weave”). Knowledge about what 
happens when the Pep initiative is “woven together” with the 
municipalities in Sweden is important to achieve optimal results. 
What works well in one municipality might not work as well in others 
(33). The context of the Pep initiative is characterized by inter-agency 

and cross-sector cooperation (34), involving many different 
organizations. Accordingly, knowledge about how such organizations 
work and interact to implement interventions and programs is 
required for successful implementation.

The Pep initiative municipalities are encouraged to assess 
contextual conditions for implementation by investigating the extent 
to which there is community readiness for the initiative in the 
municipalities. The concept of community readiness refers to how 
prepared a community is to take action to address a particular issue, 
e.g., improve physical activity and eating habits. It is assumed that 
communities are motivated by the difference between current health 
situations and the desire to reach a goal. A Community Readiness 
model developed by Edwards et  al. (35) describes community 
readiness in terms of nine stages: (1) No awareness (of the problem); 
(2) Denial; (3) Vague awareness; (4) Preplanning; (5) Preparation; (6) 
Initiation; (7) Stabilization; (8) Confirmation/Expansion; and (9) 
Professionalization. The Community Readiness model is useful for 
obtaining information about what strategies might be used to support 
or sustain a program and for identifying and engaging 
supportive stakeholders.

The municipalities are also advised to conduct a stakeholder 
analysis to explore which local actors can participate in the Pep initiative 
(36, 37). The municipalities are recommended to use an analytical self-
assessment tool developed for public health work by SALAR (the 
national employers’ organization for all municipalities and regions that 
offers support and advice to employers). The tool recognizes that many 
different competencies are required in initiatives for improved public 
health and it is important to systematically document and identify 
actors with relevant knowledge and experience. The stakeholder analysis 
asks questions such as: Which actors are important to involve in the 
initiative?; What are the benefits or advantages for them?; Are there 
conflicts of interest and, if so, how can they be handled?; What should 
be  the role of these actors in the initiative, e.g., decision-making, 
funding, participation or dissemination?

Knowledge about implementation
Last but not least, knowledge about implementation is 

important when putting interventions, programs and other 

TABLE 1 Knowledge used in the Pep initiative.

Knowledge area Knowledge sources used in the Pep initiative Purpose of the knowledge

Knowledge about the issue Guideline recommendations summarized in FYSS and Nordic 

Nutrition Recommendations 2012: Integrating nutrition and 

physical activity. Part 1. Results are also used from national and 

local population surveys concerning the distribution of health in 

the population.

To describe the distribution and determinants of physical 

inactivity and poor eating habits in the population and to generate 

knowledge concerning differences and disparities in the 

population, e.g., with regard to factors such as age, gender, 

residence and socioeconomic status.

Knowledge about interventions ISPAH description of eight investments and guideline 

recommendations concerning disease prevention issued by the 

Public Health Agency of Sweden and the National Food Agency.

To inform the selection, planning and execution of various 

initiatives in the Pep initiative.

Knowledge about the context The community readiness model and stakeholder analysis. To assess contextual conditions for implementing the Pep 

initiative as input for the selection of initiatives and how they are 

implemented.

Knowledge about implementation The quality implementation framework. To provide guidance for the implementation of the Pep initiative.

ISPAH, International Society for Physical Activity and Health.
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initiatives, such as the Pep initiative, into practice and adapting 
them to the context in which they operate. The Latin word implere 
means to fulfil or carry into effect, which provides a basis for a 
broad definition of implementation research as dealing with 
questions concerning how to carry intentions into effect. It is 
widely acknowledged that implementation of interventions often 
produces suboptimal results, with implementation failure 
occurring all too frequently (38). A key lesson from this field is 
that evidence in and of itself is insufficient to ascertain real-world 
use of interventions. Thus, evidence-based and research-informed 
interventions, no matter how effective, do not automatically 
transfer from research to practice (39). Rather, strategies are 
needed to support implementation of interventions and broader 
initiatives (40).

The municipalities are also encouraged to apply the Swedish 
version of the Quality Implementation Framework (QIF), developed 
by Meyers et al. (41) and adapted by the Public Health Agency of 
Sweden (42). QIF is a so-called process model that details 14 types 
of implementation-supportive activities to be undertaken across 
four temporal phases to facilitate implementation. The authors 
behind QIF posit that “quality implementation” is “putting an 
innovation into practice in such a way that it meets the necessary 
standards to achieve the innovation’s desired outcomes” (41), p. 482. 
The 14 types of activities are categorized into a four-phase temporal 
sequence: (1) Initial considerations regarding the setting where 
implementation takes place (e.g., conducting a needs, resources and 
readiness assessments); (2) Creating a structure for implementation 
(e.g., developing a plan for the implementation and identifying 
individuals who will take responsibility for these issues); (3) 
Ongoing structure once implementation begins (e.g., providing 
assistance and feedback to the implementers); (4) Improving future 
applications (e.g., retrospective analysis to identify particular 
strengths and weaknesses that occurred during 
implementation) (41).

Study 1: qualitative study of 
implementation barriers and facilitators in 
six municipalities

Aim, study design and setting
The aim of Study 1 is to explore barriers and facilitators for 

implementing the Pep initiative perceived by municipality 
professionals. The purpose is to understand influences on 
implementation of an intersectoral community-wide initiative to 
achieve a healthy lifestyle among children and young people through 
improved physical activity and healthy eating habits.

The study is designed as a focus group study and will be carried 
out in six municipalities which will be  selected from 10 “pilot 
municipalities” that have already worked with various Pep activities. 
The 10 municipalities have expressed interest in taking part in the 
study. The six chosen municipalities will be purposively selected to 
provide wide variation in municipality characteristics, including 
population size and geographical location.

Data collection for the study is planned to last from autumn 2023 
to spring 2024. Data analysis and manuscript writing will follow 
during autumn 2024.

Data collection and participants
Focus group discussion will be conducted with key participants 

in the six municipalities. These participants will have leadership 
responsibilities and/or personal experience of the activities involved. 
They will include project managers and civil servants in the six 
municipalities who have been involved in the local development of the 
Pep initiative and therefore are expected to have knowledge about 
what strategies are needed to overcome barriers to implementation in 
their municipality.

In the composition of the focus groups, consideration of both 
homogeneity and heterogeneity will be made: (1) participants from 
the same municipality will participate in a municipality-based focus 
group discussion, and (2) participants who represent specific Pep 
initiative themes in the six municipalities will be assembled in theme-
based groups. This means that there will be six municipality-based 
focus groups, one in the project leader group, and seven theme-based 
group discussions.

Participants in the groups will be selected on the basis of their 
individual expertise and insights into what is carried out in the 
initiative and their holistic overview of the initiative. The participants 
will be municipality professionals who work actively with various 
aspects of the Pep initiative and have responsibility for various 
initiative areas in their municipalities. They have been informed 
about the research project and have agreed to participate in 
the project.

The focus group discussions will be explorative with the ambition 
to capture barriers and facilitators to implementing the initiative in 
the municipalities. They will be guided by a topic guide, allowing the 
participants to convey their knowledge, experience, and perceptions. 
The topics will be  informed by the Consolidated Framework for 
Implementation Research (CFIR), one of the most widely used 
determinant frameworks in implementation science (43). Determinant 
frameworks describe influences, i.e., determinants, on implementation 
outcomes. Each type of determinant typically comprises a number of 
barriers (hinders, impediments) and/or facilitators (enablers). The 
questions will also be informed by research on municipal governance 
(44), cross-sector collaboration (34), political institutions (45), service 
design (46), and end user involvement (47).

Data analysis
All focus group discussions will be  recorded digitally and 

transcribed verbatim. They will be  analyzed by a research group 
consisting of experienced researchers with extensive knowledge in 
conducting qualitative research in public health and social sciences. 
The analytical procedure will be based on the principles for qualitative 
thematic analysis as described by Braun and Clarke (48). Thus, the 
analysis will follow a linear, yet iterative and reflective process of six 
phases: (1) Familiarization with the data; (2) Generating initial codes; 
(3) Searching for themes; (4) Reviewing themes; (5) Defining themes; 
and (6) Write-up. The first phase will involve reading the transcripts 
to ensure familiarity with the data and noting overall impressions. In 
the second phase, initial descriptive codes will be generated during an 
iterative process in which transcripts will be read and reread. The 
codes will then be sorted into preliminary themes in the third phase. 
A theme is a pattern of codes that captures something significant or 
interesting about the data and/or research question. In the fourth 
phase, the preliminary themes will be  reviewed, modified, and 
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developed. Do the themes make sense? Phase five will be the final 
refinement of the themes, aiming to identify the “essence” of what each 
theme and sub-theme is about.

Study 2: cross-sectional survey of the 
implementability of the Pep initiative in 
Swedish municipalities

Aim, study design and setting
Study 2 aims to investigate the implementability of the Pep 

initiative. The purpose is to analyze the conditions for implementation 
of the seven Pep initiative themes (i.e., the five ISPAH-inspired themes 
and the two additional themes developed in the Pep initiative) in 
terms of the acceptability, appropriateness, and feasibility of each 
theme. The three variables are predictors of implementation success 
(49, 50).

The study will be based on a cross-sectional web-based survey to 
respondents in all 290 municipalities of Sweden. The respondents will 
be  municipality civil servants with knowledge and experience 
concerning public health and health promotion issues. They will 
be expected to be familiar with the conditions for public health and 
health-promotive work in their municipality, thus being relevant 
participants to provide information about the implementability of the 
different themes of the Pep initiative. More than one participant for 
each municipality will be possible.

Recruitment of participants and data collection will begin in 
autumn 2023 and is expected to close autumn 2024. Data analysis and 
manuscript writing will follow during spring 2025.

Data collection
Data will be collected via a webbased questionnaire, based on 

three brief instruments repeated for each of the seven Pep initiative 
themes. Eligible participants will be  invited via an email that will 
briefly explain the aim of the study and contain a link to the 
questionnaire. They will provide informed consent by clicking a box 
at the beginning of the questionnaire.

The three instruments measure acceptability, appropriateness, and 
feasibility of implementation (50). Acceptability is the perception 
among implementation stakeholders that a given intervention is 
agreeable, palatable, or satisfactory. Acceptability should be viewed as 
a dynamic construct, subject to change with experience with the 
intervention or the implementation process. Appropriateness is the 
perceived fit, relevance, or compatibility of an intervention for a given 
practice setting, provider, or consumer and/or the perceived fit of the 
intervention to address a particular issue or problem. Feasibility is the 
extent to which an intervention can be successfully used or carried out 
within a given setting (49).

The instruments Acceptability of Intervention Measure (AIM), 
Intervention Appropriateness Measure (IAM) and Feasibility of 
Intervention Measure (FIM), were developed and validated by Weiner 
et al. (50). They each comprise 4 items (i.e., 12 altogether) answered 
on 5-point Likert-type scales (response options from “completely 
disagree” to “completely agree”). The study will use Swedish versions 
of the original AIM, IAM and FIM instruments, which have been 
translated and cross-culturally adapted to Swedish (51). Some 
modifications will be needed to adapt the instruments to the Pep 

initiative’s seven themes. In addition to the three instruments, 
demographic data on respondents and key characteristics of the 
municipalities will be collected.

Data analysis
Descriptive statistics will be used to describe the characteristics of 

the respondents. Responses will be  presented as frequencies and 
proportions, for each of the seven themes. Comparative analyses will 
be performed between municipalities, using non-parametric statistics. 
Municipalities will be  categorized into small, medium, and large 
municipalities and into three geographic regions (North Sweden, 
Mid-Sweden, South Sweden).

Dissemination and implementation of 
study findings

The study findings will be presented in open-access, peer-reviewed 
scientific journals, through social media channels, and at national and 
international conferences.

Discussion

The Pep initiative described in this study protocol is based on an 
intersectoral community-wide approach and focusses on seven 
themes to influence physical activity and eating habits. The 
importance of four complementary forms of knowledge is explicitly 
recognized in the initiative: knowledge about physical activity and 
healthy eating habits; knowledge about interventions targeting 
physical activity and/or eating habits; knowledge about the context 
in which implementation of the Pep initiative will occur; and 
knowledge about how to implement intersectoral community-
wide programs.

Intersectoral approaches are widely considered crucial to tackle 
difficult health-related problems and improve public health (34). 
These approaches are defined as collaborative initiatives which can 
span across many different stakeholders (37). The Pep initiative 
involves actions by, and interactions among, a wide range of local 
actors in the municipalities, which is necessary to work with the seven 
cross-boundary themes that form the core of the initiative.

Still, efficient intersectoral community collaboration can 
be difficult to achieve. A common challenge with this type of approach 
pertains to governance, i.e., the capacity of intersectoral collaborators 
to coordinate and integrate their work (52, 53). What often occurs at 
the higher levels of governance is the perpetuation of silo-based 
management of local initiatives (54). Establishing shared norms and 
mutually beneficial interactions is difficult to achieve as it means 
finding a balance between sectoral actor autonomy and 
interdependence (34).

The Pep initiative addresses governance issues with the 
recommended use of the Community Readiness model and 
SALAR’s stakeholder analysis to investigate the contextual 
conditions to establish the required governance of the initiative in 
a municipality. The results of these analyses provide input for 
decisions regarding how to create working groups with 
representation from different administrative municipality units and 
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miscellaneous local actors as well as decisions concerning which 
themes should be prioritized.

Challenges have also been documented with the convergence 
capacity of intersectoral collaboration, including the capacity to define 
clear, joint goals in the collective interest and to co-invest in human, 
material and financial resources, as well as in the knowledge and skills 
needed to achieve these goals (54). Studies have shown that actors 
involved in intersectoral collaboration can have divergent interests 
and frames of references (45, 52). As a result, intersectoral 
collaboration often fails to attain common objectives (55).

The Pep initiative has taken numerous steps to overcome barriers 
related to convergence. The initiative has a well-defined vision and 
goal that are communicated to the municipalities. The focus on seven 
clearly described themes is also intended to provide clarity. A further 
strategy is the use of the QIF as a tool to support the implementation 
of various activities in the municipalities. QIF is a process model, 
which are used in implementation research and practice to provide 
hands-on guidance for the planning and implementation of 
activities (41).

Although the Pep initiative is planned as a cohesive municipality 
approach to improve physical activity and healthy eating habits among 
young people, the initiative will not be identical in all Sweden’s 290 
municipalities. Due to far-reaching autonomy, municipalities in 
Sweden vary considerably in how they organize their operations. 
Implementing initiatives in and with municipalities involves 
challenges related to the municipalities’ different forms of 
organization, and intersectoral cooperation within different 
municipality administrations and with local actors. Such cooperation 
is conditioned upon numerous factors, including the local culture and 
tradition with regard to issues that are prioritized, resource allocation, 
and other issues that might be on the agenda and require attention (52).

The Pep initiative and the planned research about the initiative 
have many strengths. The initiative is research-informed and 
explicitly accounts for relevant knowledge and evidence concerning 
physical activity and healthy eating habits as well as which 
interventions are most likely to contribute to improvements in these 
habits, with inspiration from the research-based ISPAH themes. The 
initiative also recognizes the importance of the context, emphasizing 
the importance of assessing the community readiness and 
conducting stakeholder analyses. The challenges of implementation 
are also accounted for, with the encouragement to use QIF as a 
supportive tool. The use of both quantitative and qualitative 
research methods is a strength, providing both comprehensive data 
from a nationwide survey and rich data from a smaller, purposive 
sample in the focus group study. Well-established implementation 
theories are used, strengthening the validity of the findings. CFIR 
will inform the development of the topic guide for the focus group 
discussions and the analysis of the data, while AIM-IAM-FIM are 
validated measures of salient implementation outcomes in the 
survey study.

A limitation of the included studies is the lack of involvement 
of the intended target group, i.e., young people in the communities 
who are expected to be  the “end users” of the Pep initiative. 
However, the municipalities are expected and encouraged to involve 
young people and/or parents in their implementation planning, to 
ensure that this important perspective also is considered. 
Recruitment of participants to the studies from a pool of 

municipality stakeholders involved in the Pep initiative entails a 
risk that mostly engaged individuals with positive attitudes will 
participate, which could be  a threat to the credibility and 
trustworthiness of the study results. We will attempt to address this 
risk in the recruitment process, by striving for a large and varied 
sample in the survey, drawing from all municipalities in Sweden, 
and for a composition of the focus groups that encourages a 
variation in background among the participants. Another potential 
limitation is the risk for confirmation bias, i.e., a tendency in the 
involved researchers to process and interpret data in a way that 
supports their own beliefs. We will attempt to overcome this risk by 
involving several researchers in all analyses, both quantitative and 
qualitative. Credibility and trustworthiness of the qualitative 
findings will be  enhanced by the inclusion of quotes from the 
participants, as well as detailed descriptions of the analysis process.

In conclusion, the Pep initiative is a research-informed endeavor 
using an intersectoral community-wide approach to influence 
physical activity and eating habits among young people in Sweden’s 
290 municipalities. The initiative has the ambition to address and 
account for the challenges usually associated with intersectoral 
approaches in terms of governance and convergence issues. The 
findings of the two planned studies are expected to increase 
understanding of the prerequisites for implementing the Pep 
initiative in Swedish municipalities and will form the basis for 
continued work with the initiative, including the selection and 
execution of relevant strategies for the different themes. The study 
findings will provide valuable input into how implementation of the 
Pep initiative can best be facilitated in the different municipality 
settings. This knowledge could also be  highly relevant for 
implementation of other public health initiatives.
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Background: Psychiatric disorders (PD) pose a significant burden, with vast
prevalence and mortality, inflicting substantial costs on individuals and society.
Despite its widespread prevalence, the complex pathogenesis of PD remains
elusive, leading to limited and challenging therapeutic development. An
emerging risk factor for chronic diseases, prolonged sedentary behavior,
contrasts with the therapeutic potential of exercise, regardless of its intensity,
for various ailments, including PD. Yet, the diversity in exercise modalities and
intensities may offer varied impacts on health. This study, leveraging
Mendelian Randomization (MR), seeks to investigate the causal relationship
between exercise and PD, aiming to elucidate the optimal exercise modality
and intensity for PD mitigation while addressing potential confounders.
Methods: This study employed a Mendelian randomization analysis using the
genome-wide association study (GWAS) database to investigate the causal
relationship between types of physical activity and psychiatric disorders. Sensitivity
analysis was conducted to demonstrate the reliability and robustness of the results.
Results: In the past 4 weeks, engaging in a substantial amount of DIY physical
activity was found to have a causal relationship with psychiatric disorders (IVW:
OR= 0.228, 95% CI: 0.113–0.461, P= 0.000038). As for the types of exercises,
there may be a potential causal association between aerobic training
(including swimming, cycling, fitness, and bowling) and psychiatric disorders
(IVW: OR= 0.322, 95% CI = 0.148–0.704, P= 0.004). However, there was no
causal relationship found between mild DIY physical activity and psychiatric
disorders (IVW: OR= 0.918, 95% CI = 0.417–2.021, P=0.831). Furthermore, it
seems that there is no causal relationship between vigorous exercise and
psychiatric disorders (IVW: OR= 2.705, 95% CI = 0.081–3.419, P= 0.578).
Conclusion: Our study confirms that only a certain level of training activity can
have a protective effect on psychiatric disorders, while mild physical activity or
vigorous training does not have an impact on psychiatric disorders.

KEYWORDS

exercise, types of physical activity, psychiatric disorders, Mendelian randomization,

causal effects

1 Introduction

Psychiatric disorders (PD) have been widely acknowledged for their vast prevalence

and mortality, exerting a tremendous socio-economic toll (1, 2). Accounting for

approximately 7% of the global disease burden, PD affects nearly one billion individuals

globally, underscoring its profound human impact (3, 4). The intricacy of PD’s onset
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mechanisms, still largely enigmatic, has rendered the development

of treatments for most psychiatric illnesses both limited and

intricate (5). Hence, there’s an acute demand for innovative

therapeutic interventions.

Sedentary behavior, characterized by prolonged periods of low

energy expenditure while awake (sitting/reclining), is increasingly

recognized as another perilous harbinger for chronic ailments (6, 7).

Emerging theories suggest that physical activity influences psychiatric

disorders through multiple mechanisms, including the enhancement

of brain plasticity, modulation of stress hormones, and improvement

in sleep patterns. Exercise is believed to stimulate the release of

neurotrophic factors, such as Brain-Derived Neurotrophic Factor

(BDNF), which supports neurogenesis and neural health.

Additionally, physical activity reduces levels of stress hormones like

cortisol, which is often elevated in psychiatric conditions.

Furthermore, engaging in exercise improves sleep quality and

patterns, which have a direct impact on mental health. These

interconnected pathways collectively contribute to the therapeutic

effects of physical activity on psychiatric disorders. In stark contrast,

physical activity, irrespective of its quantum, has demonstrated

therapeutic promise for a spectrum of chronic conditions,

encompassing PD (8). Although habitual and moderate-level

physical exertion has been conclusively shown to confer benefits

against PD in the general populace (9), the sheer diversity in exercise

regimens and their associated intensities might elicit profoundly

varied physiological responses (10, 11). Thus, pinpointing the

exercise regimen and intensity optimally tailored for PD has

emerged as a pivotal therapeutic directive, with our understanding in

this realm still in its infancy (12). Furthermore, individuals routinely

engaging in physical activity often concurrently adopt healthier

lifestyle habits such as a nutritious diet, moderated alcohol and

tobacco consumption, and a positive life outlook (13), which could

potentially confound causal observations by attributing PD

improvements solely to exercise. On the flip side, observed

associations might stem from a reverse causality scenario where PD

influences behavioral patterns, leading to variations in hosts’ activity

levels. However, discerning their roles in the etiological causation of

diseases presents a significant challenge, primarily when both

exercise and PD data heavily lean on patients’ self-reporting, thereby

lacking compelling evidential validity.

Here, we propose harnessing Mendelian Randomization (MR)

as a formidable tool to dissect the causal relationship between

exercise and PD while concurrently curtailing biases stemming

from confounding and reverse causality (14). By capitalizing on

genetic variations as instrumental variables for exposure, MR is
TABLE 1 GWAS datasets used in the mendelian randomization study.

Variables
Psychiatric diseases

Types of physical activity in last 4 weeks: Light DIY (e.g.,: pruning, watering the lawn)

Types of physical activity in last 4 weeks: Heavy DIY (e.g.,: weeding, lawn mowing, carpentry

Types of physical activity in last 4 weeks: Strenuous sports

Types of physical activity in last 4 weeks: Other exercises (e.g.,: swimming, cycling, keep fit,

This table lists the GWAS datasets drawn upon in this study, detailing the specific types

case), population race, and the year of the study.
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well-poised to unravel true causal relationships, given the

hereditary arbitrariness of genetic sequences that renders

associations between genetic variations and outcomes largely

immune to common confounders (15). With its proven track

record in delineating causal relationships between PD and a

plethora of influential factors such as circulatory biomarkers (16),

inflammation (17), and antihypertensive medications (18), MR’s

applicability in ascertaining etiological factors for PD stands

validated. In this investigative endeavor, we have leveraged data

from the IEU OpenGWAS project to conduct a unidirectional

MR analysis, aiming to gauge the causal interplay between

various physical activity modalities and PD.
2 Materials and methods

2.1 Study design

Embracing a two-sample Mendelian Randomization paradigm,

this study sourced from genome-wide association study (GWAS)

databases, aspired to decode the causal nexus between types

of physical activity and psychiatric disorders. Subsequent

sensitivity analyses were meticulously conducted to attest to the

dependability and steadfastness of the findings. Detailed specifics

of the incorporated GWASs databases are elaborated in Table 1.

Furthermore, the Mendelian randomization study requires three

core assumptions, As presented in Figuer 1, which are: (1) The

extracted instrumental variable single nucleotide polymorphism

(SNP) must be strongly associated with the exposure; (2)

Instrumental variable SNPs should not be associated with any

confounders of the “exposure-outcome” relationship; (3)

Instrumental variable SNPs can only influence the outcome

through the exposure.

Ethical approval was not necessary for this study as it utilized

publicly accessible GWAS data. We conducted our research in

alignment with the “STrengthening the Reporting of

OBservational studies in Epidemiology using Mendelian

Randomization (STROBE-MR)” guidelines.
2.2 Data source

All GWAS databases incorporated in this article were obtained

from the publicly accessible IEU OpenGWAS project (https://gwas.

mrcieu.ac.uk/).
ID Sample Race Year
finn-b-

F5_PSYCH
218,792 (control: 164,296;case: 54,496) European 2021

ukb-b-11495 460,376 (control:224,132;case:236,244) European 2018

, digging) ukb-b-13184 460,376 (control:263,370; case: 197,006) European 2018

ukb-b-7663 460,376 (control: 412,908;case: 47,468) European 2018

bowling) ukb-b-8764 460,376 (control:237,906;case: 222,470) European 2018

of physical activities, associated dataset IDs, sample sizes (divided into control and
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FIGURE 1

A two-sample MR design. IVW stands for Inverse-Variance Weighted, which is our primary method for examining the association between exposure
and outcome. LD represents Linkage Disequilibrium, used to assess the correlations between SNPs, which are Single Nucleotide Polymorphisms. SNPs
serve as our genetic instrumental variables for the study. MR refers to Mendelian Randomization, our overarching approach.
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2.3 Instrumental variable selection

Instrumental variable SNPs were selected in alignment with the

three core assumptions of Mendelian randomization previously

discussed. Criteria for SNP selection were: P < 5 × 10−8, linkage

disequilibrium r2 of 0.001, and a linkage disequilibrium region

width of 10 Mb. Moreover, to negate the influence of genetic

variants with potential confounders, SNPs were cross-referenced in

the PhenoScanner database (http://www.phenoscanner.medschl.

cam.ac.uk/) to ensure they were not associated with any

confounders. Subsequently, SNPs exhibiting significant

heterogeneity were excluded based on heterogeneity tests. After the

outlined selection process, instrumental variable SNPs associated

with psychiatric disorders were identified. The F-statistic was

computed for these variables, and those with F-values consistently

above 10, indicating no weak instrumental variables, were

incorporated into the Mendelian randomization analysis.
2.4 Mendelian randomization analysis

During the Mendelian randomization analysis, the primary

method utilized was the random-effects inverse-variance

weighted (IVW) approach. Traditional IVW can be influenced by

factors like pleiotropy; thus, complementary methods like

MR-Egger and weighted mode were employed for MR analysis.

To mitigate biases arising from horizontal pleiotropy,

heterogeneity tests, horizontal pleiotropy evaluations, and
Frontiers in Sports and Active Living 0323
leave-one-out analyses were concurrently used for sensitivity

checks to verify the robustness of outcomes. All statistical

examinations employed two-tailed tests, and the results were

adjusted using Bonferroni correction to counteract potential

biases from multiple data analyses. A P-value <0.00125 was

considered statistically significant, while results with P-values

between 0.05 and 0.0125 were deemed to imply a potential

causal relationship. In this study, data processing was conducted

using the “TwoSampleMR” and “MR-PRESSO” packages in R.
3 Results

3.1 Instrumental variable

Determination Drawing from the core assumptions of

Mendelian randomization outlined earlier, namely P < 5 × 10−8

and linkage disequilibrium r2 of 0.001, we excluded potential

confounders. After ensuring all F-statistics were greater than 10

to remove weak instrumental variables, 45 SNPs were finalized as

instrumental variables in Supplementary Table S1.
3.2 Heavy DIY activities and their
association with psychiatric disorders

In the recent 4 weeks, participants who engaged in heavy DIY

activities, including tasks such as weeding, lawn mowing,
frontiersin.org
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carpentry, and digging, were evaluated for their risk of psychiatric

diseases. Our Mendelian randomization analysis revealed a

significant inverse association between these activities and the

onset of psychiatric disorders (IVW: OR = 0.228, 95% CI: 0.113–

0.461, P = 0.000038). Notably, both the QMR-Egger and horizontal

pleiotropy tests returned P-values >0.05, indicating no evidence of

horizontal pleiotropy. The QIVW test further confirmed the

absence of heterogeneity with a P-value exceeding 0.05. Moreover,

the leave-one-out analysis did not observe any significant shifts in

the causal relationship, underscoring the reliability and robustness

of our findings. The detailed outcomes of this association are

illustrated in Figure 2 and summarized in Table 2.
3.3 Light DIY activities: implications for
psychiatric disorders

We further explored the potential relationship between light

DIY activities, such as pruning and watering the lawn, and

psychiatric disorders. Our findings did not suggest a causal

link between these activities and psychiatric disorders (IVW:
FIGURE 2

Forest plot of the MR analyses for the associations between physical acti
methods and their corresponding odds ratios (OR) with 95% confidence in
as MR Egger, Inverse variance weighted, Weighted mode, Simple median, a
1, serving as a reference point. The “pval” column indicates the statistical s
OR, and the horizontal lines depict the 95% CI.
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OR = 0.918, 95% CI = 0.417–2.021, P = 0.831). Heterogeneity and

horizontal pleiotropy tests consistently showed P-values >0.05.

Additionally, the leave-one-out analysis did not detect any

significant shifts in the causal relationship, emphasizing the

consistency and robustness of our results. Comprehensive results

are depicted in Figure 2 and Table 2.
3.4 Strenuous sports activities: a
perspective on psychiatric disorders

The association between engaging in strenuous sports and the

risk of psychiatric disorders was also examined. Our analysis did

not identify a significant causal relationship (IVW: OR = 2.705,

95% CI = 0.081–3.419, P = 0.578). However, the presence of

heterogeneity was indicated by the QIVW test with a P-value

<0.05, prompting us to adopt a random-effects model for the

Mendelian randomization analysis. The leave-one-out analysis

remained consistent, with no notable variations in the causal

relationship observed. The detailed findings are presented in

Figure 2 and Table 2.
vities and psychiatric disorders. The figure presents various estimation
tervals (CI) for different activity groups, Each group uses methods such
nd Weighted median. The vertical red dashed line represents an OR of
ignificance of each estimate. Blue dots represent the point estimate of
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TABLE 2 Association between different physical activity exposures and psychiatric diseases.

Exposure Outcomes Cochran Q-test MR-Egger

QMR Egger P QIVW P Intercept P
Heavy DIY Light DIY Strenuous sports aerobic exercises 14.0 0.447 14.8 0.466 −0.013 0.399

6.32 0.611 6.73 0.665 0.008 0.539

Psychiatric diseases 9.51 0.023 11.15 0.025 0.033 0.523

12.7 0.242 12.8 0.308 −0.007 0.777

This table presents the Mendelian randomization analysis results assessing the causal effects of different types of physical activity exposures on psychiatric diseases. The

analyses utilized QMR Egger, Cochran Q-test, and MR-Egger Intercept. The P-values listed help determine the statistical significance of each association.
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3.5 Aerobic exercises and their implications
for psychiatric disorders

Lastly, we assessed the potential impact of aerobic exercises,

such as swimming, cycling, fitness training, and bowling, on

psychiatric disorders. Our Mendelian randomization analysis

suggested a possible causal association (IVW: OR = 0.322, 95%

CI = 0.148–0.704, P = 0.004). The QIVW test indicated

heterogeneity with a P-value <0.05, leading to the application of

a random-effects model. Furthermore, the leave-one-out analysis

did not identify any significant variations in the causal

relationship, reinforcing the reliability and robustness of our

results. The comprehensive outcomes of this association are

showcased in Figure 3.
FIGURE 3

Causal relationship between SNP effects on various physical activities and
between SNP effects and Types of physical activity in last 4 weeks: Light D
the causal relationship of each method. (B) Scatter plot of the causal rel
weeks: Heavy DIY (e.g., weeding, lawn mowing, carpentry, digging). The s
method. (C) Scatter plot of the causal relationship between SNP effects and
slope signifies the causal relationship based on the respective method. (D)
Types of physical activity in last 4 weeks: Light DIY (e.g., painting, waterin
SNP effects and Types of physical activity in last 4 weeks: Heavy DIY (e.g.
the causal relationship between SNP effects and Types of physical activity
relationship between SNP effects and Types of physical activity in last 4 we
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4 Discussion

Overall, our Mendelian Randomization (MR) study

systematically identified types of physical activities that could play

a role in the etiology of PD, offering potential guidance for

physical therapy for PD. Specifically, our findings suggest a causal

link between engaging in heavy DIY activities in the past 4 weeks

and the onset of psychiatric diseases (IVW: OR = 0.228, 95% CI:

0.113–0.461, P = 0.000). Our analysis reveals that not all physical

activities exert the same influence on mental health. Specifically,

activities like swimming, cycling, fitness, and bowling appear to

offer unique benefits. Swimming and cycling, for instance, may

enhance mental well-being through cardiovascular improvements

and stress reduction, while fitness activities and bowling can foster
the corresponding outcomes. (A) Scatter plot of the causal relationship
IY (e.g., painting, watering the lawn). The slope of each line represents
ationship between SNP effects and Types of physical activity in last 4
lope of each line indicates the causal relationship determined by each
Types of physical activity in last 4 weeks: Strenuous sports. Each line’s

Leave-one-out plot of the causal relationship between SNP effects and
g the lawn). (E) Leave-one-out plot of the causal relationship between
, weeding, lawn mowing, carpentry, digging). (F) Leave-one-out plot of
in last 4 weeks: Strenuous sports. (G) Leave-one-out plot of the causal
eks: Other exercises (e.g., swimming, cycling, keep fit, bowling).
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social interaction and mental engagement. These activities’ varying

intensities and social components may explain their differential

impacts, suggesting a tailored approach to physical activity

recommendations for psychiatric disease prevention and

management. Additionally, when analyzing specific exercises, we

observed a potential causal association between swimming, cycling,

fitness, and bowling with psychiatric diseases (IVW: OR = 0.322,

95% CI: 0.148–0.704, P = 0.004). Surprisingly, our study did not

establish a causal relationship between light DIY and psychiatric

diseases (IVW: OR= 0.918, 95% CI: 0.417–2.021, P = 0.831) or

between strenuous sports and psychiatric diseases (IVW: OR=

2.705, 95% CI: 0.081–3.419, P = 0.578). These results further

underscore the hypothesis that not all exercises or any exercise

intensity can yield benefits for PD.

Though the benefits of physical training for PD are well-

known, such as how cardiovascular health largely impacts mental

health (19), a previous meta-analysis indicated (20) a significant

disparity between self-reported physical activity and objectively

measured physical activity from patients with depression. This

discrepancy may be influenced by mood states and cognitive

biases, which can also impact mental health. Therefore, it’s

challenging to determine if the observed associations are genuine

or merely a reflection of individual mood behaviors. For

example, individuals predisposed to depression may perceive

themselves as less active or engaged than their peers or may over

report activities as compensation (21). While this doesn’t

invalidate the utility of self-report measures, it’s crucial to

validate its conclusions with objective measures. Hence,

employing objective tools like SNPs to explore the genuine

relationship between exercise and PD becomes highly appropriate.

The outcomes of randomized exercise trials, while generally

favorable, are varied (22–24). In this study, we first determined that

only when physical activity reached a certain intensity did it start to

exert protective effects on PD. This suggests that light DIY

activities, albeit beneficial in some respects, seem insufficient in

offering protective or intervention effects for PD. This is consistent

with some prior research conclusions suggesting that during the

treatment of PD, emphasis should be placed on the dose of exercise

(25). Perhaps moderate-intensity activities are more conducive to

alleviating PD symptoms (26). On the other hand, high-intensity or

competitive physical exercises often induce uncertain or detrimental

physiological effects (11, 27, 28), emphasizing the need for

appropriate dosage restrictions in therapeutic interventions. Our

findings support this notion, as strenuous exercises appear

unrelated to PD causally. Currently, a substantial body of evidence

points towards selecting moderate-intensity physical and aerobic

exercises for PD intervention, aligning with our conclusions (29,

30). Light DIY activities and strenuous exercises both seem

ineffective for PD, whereas aerobic activities like swimming, cycling,

fitness, and bowling yield evident benefits.

The impact of physical activity on PD can be multifaceted. Firstly,

exercise affects the endocrine system and neurotransmitters,

potentially explaining its effect on PD. Emphasis should be placed

on how exercise training regulates stress responses through the

hypothalamus-pituitary-adrenal (HPA) axis or glucocorticoid

circulation (31, 32). To further elucidate the biological mechanisms
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through which physical activity exerts its beneficial effects on

psychiatric disorders, recent research underscores the role of

neuroplasticity and neurogenesis. Engaging in regular physical

activity has been shown to enhance the expression of Brain-

Derived Neurotrophic Factor (BDNF), a pivotal element in

supporting neuroplasticity and the growth of new neural

connections. BDNF not only aids in the repair and protection of

brain cells but also plays a crucial role in mood regulation and

cognitive functions. Moreover, physical activity’s influence on

neurogenesis, particularly in the hippocampus, contributes to

improved emotional regulation and stress resilience. These

enhancements in brain structure and function are key mechanisms

by which exercise promotes mental health, highlighting the

importance of physical activity as a complementary approach in

the treatment and prevention of psychiatric disorders. For instance,

physical exercise has been shown to reduce cortisol levels in

patients with severe depression, which is considerably influenced by

the type of exercise and its weekly frequency (33). Physical activity

(PA) might alleviate symptoms through its potential impact on the

inflammatory system, which is related to the etiology and severity

of anxiety disorders. Moreover, functions in monoamine or

endogenous opioid systems are also considered among the

mechanisms of exercise interventions on mental health (9, 34).

Inflammation is a critical element in the pathogenesis of

psychological disorders, with elevated C-reactive protein levels

associated with anxiety and depression (35). Persistent dysfunctions

in the HPA axis may impair anti-inflammatory responses to

glucocorticoids, leading to further inflammation (36). Exercise

training, having anti-inflammatory properties, could positively

affect anxiety treatment by mediating inflammatory pathways (37).

Furthermore, physical activity impacts intracranial tissue

structures and functions (38). A reduced hippocampal volume,

for instance, is linked with memory deficits in schizophrenia

(39). Aerobic exercises have been proven to enhance the

hippocampal volume, N-acetylaspartate/creatinine ratio, improve

episodic memory in schizophrenic patients, and working

memory in patients with major depression (40–42). Physical

training can upregulate growth factors, like Brain-Derived

Neurotrophic Factor (BDNF), stimulate neurogenesis and

angiogenesis, facilitating functions of brain regions particularly

related to anxiety or stress, aiding in reducing anxiety symptoms

(43). Additional mechanisms encompass the impact of exercise

interventions on the behavioral mechanisms of the psychological

system, involving regulation (44) (e.g., tolerance and arousal

regulation) and cognition (45, 46) (e.g., applying cognitive

control over behaviors, maintaining attention, and flexibly

shifting attention and behavioral responses to meet

environmental demands), which might directly affect mental

health (47), enhancing self-efficacy. Exercise can also boost

reward significance by increasing participation in personally

meaningful or beneficial activities and enhancing health

perceptions (e.g., feeling healthier, improving body image) (12).

However, it’s essential to recognize the significant limitations of

this study. Primarily, the psychiatric diseases included in this

research are based on all patients diagnosed with mental disorders

according to ICD diagnostic codes. These cover a vast range of
frontiersin.org

https://doi.org/10.3389/fspor.2024.1331586
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Yu et al. 10.3389/fspor.2024.1331586
mental disorders, and their pathogenic mechanisms are not

universally consistent. This might have caused an oversight in our

study concerning specific disease types. Future research should be

conducted separately for different kinds of psychological disorders.

Secondly, there’s an underrepresentation of non-European

ancestries. Our study’s focus on European populations introduces

limitations in the generalizability of our findings to other ethnic

groups. The genetic, cultural, and environmental factors that

influence psychiatric disorders may vary significantly across

different populations, potentially affecting the observed relationships

between physical activity and psychiatric health. To address this

limitation, future research should aim to include more ethnically

diverse samples. Expanding the study to include populations from

various backgrounds will help determine whether the protective

effects of physical activities like swimming, cycling, fitness, and

bowling are consistent across different ethnicities. This inclusivity

will enhance our understanding of physical activity’s role in

psychiatric health and aid in developing more universally applicable

therapeutic recommendations. Still, this doesn’t imply that

treatments can’t benefit non-European ancestries. In the future, we

should further expand our sample size to judiciously determine the

most suitable exercise training mode and dosage for PD.
5 Conclusion

We’ve identified a potential causal link between engaging in

extensive DIY physical activities or aerobic training (such as

swimming, cycling, fitness, and bowling) and psychiatric diseases.

However, no definitive causal relationship was established

between light DIY or strenuous exercises and psychiatric

disorders. Therefore, choosing the right type and intensity of

exercise is crucial for psychiatric disease intervention.
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Jingjie Sun5* and Chengchao Zhou1,2*

1Centre for Health Management and Policy, School of Public Health, Cheeloo College of Medicine,

Shandong University, Jinan, China, 2NHC Key Lab of Health Economics and Policy Research,

Shandong University, Jinan, China, 3Shandong First Medical University and Shandong Academy of

Medical Sciences, Graduate School, Jinan, China, 4China Center for Health Development Studies,

Peking University, Beijing, China, 5Statistics and Evaluation Department of Shandong Health

Commission Medical Management Service Center, Jinan, China

Objective:The aim of the studywas to examine the association between physical

activity (PA) and health-related quality of life (HRQOL) among adults and explore

the role of age in the association between PA and HRQOL in Shandong, China.

Methods: We investigated the relationship between PA and HRQOL and

examined the moderated role of age in this association among adults with

di�erent age groups and physical activity levels. Data were obtained from the

sixth China National Health Services Survey conducted in Shandong province in

2018. The multi-stage-stratified cluster random sampling method was used to

selected respondents, with individuals aged 18 and above included in the present

study. The tool of assessingHRQOLwas the three-level EuroQol FiveDimensions

Questionnaire (EQ-5D-3L).

Results: The study found PA was significantly related to HRQOL (P < 0.05). The

interaction analysis indicated that the relationship between PA and HRQOL was

significantly di�erent across young, middle-aged, and older adults (P < 0.05).

Older adults with the su�cient PA (coe�cient = 0.090, 95%CI: [0.081, 0.100])

and active PA (coe�cient = 0.057, 95%CI: [0.043, 0.072]) had significantly higher

HRQOL compared with young and middle-aged groups.

Conclusion: PA was positively associated with HRQOL among the adults. Age

played a moderate role between the association between PA and HRQOL.

Guidelines for PA should be specifically tailored to adults of di�erent age groups

in order to enhance their HRQoL.

KEYWORDS

physical activity, health-related quality of life, EQ-5D-3L, adults, cross-sectional

Introduction

As life expectancy continuously increases, health-related quality of life
(HRQOL) has become a public health priority and a key goal for health system.
The HRQOL is a multidimensional concept to reflect subjective wellbeing and
ability to perform daily activities in different domains (1), which encompasses
physical, mental health, self-perceived, and social domains related to health (2)
and changes over time (3). The HRQOL has emerged as a crucial measure of
health and is widely used to assess the overall health status of a population (4).
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It is an essential self-reported health outcome and indicator of
wellbeing. Identifying relevant factors associated with HRQOL is
meaningful to improve HRQOL. Previous studies reported that
HRQOL was related to many characteristics, such as physical
activity (5), education (6), social-economic status (7), smoking
(8, 9), and sleep (10). Of these, physical activity (PA) is an important
factor of HRQOL.

Physical activity (PA) is a skeletal muscle body movement
that results in energy expenditure (11). Existing studies have
proved that regular PA is associated with improvement of
HRQOL (5, 10, 12–14), and PA is one of the most prevalent
modifiable risk factors for acquiring disease worldwide (15).
Existing study also found that PA was related to various aspects
of HRQOL. One randomized controlled trail study found that
the function of PA significantly enhanced physical functioning
and mental health of adults in 40–74 years (16). Another
study reported better physical health of the individual with
sufficient PA than the individuals without insufficient PA and
without PA (12). The positive function of PA on HRQOL was
also found to be correlated with PA level, with populations
at higher PA level generally experiencing better HRQOL (13,
17). Higher PA level was associated with better perception
of HRQOL in the older adult, apparently healthy adults, and
individuals with different clinical conditions (14). However, this
relationship is not always linear under certain circumstances
(18). Additionally, some studies have raised questioning the
association among PA and HRQOL. A study reported that
PA was not found to be correlated with the pain/discomfort
dimension of HRQOL among the women (19). Another study
indicated that randomized controlled trails and cohort studies
provided limited evidence regarding the relationship between PA
and HRQOL (17). Disparate findings among different studies
regarding PA and HRQOL suggest the needs for further research
in this area.

Age was found to be related to HRQOL (20, 21). Many
studies focus on the relationship between PA and HRQOL, but
most have concentrated on specific age groups, such as children
(3), adolescents (22), students (23), middle-age population, or
older adult population (24–28). The conclusions drawn from these
studies consistently indicated that higher PA levels are associated
with better HRQOL (3, 23, 29). Previous research on HRQOL
among older adult populations has shown that the oldest adults
reported worse HRQOL than the younger older adult individuals
(21, 30). However, the study on PA among old adults reported
that PA can improve the HRQOL of adults (31). Additionally,
this positive impact of PA on HRQOL is more pronounced in
younger old than older adults, and being physically active earlier
in life is beneficial for successful aging later on Lin et al. (32).
The study findings indicate that the impact of physical activity
(PA) on the health-related quality of life (HRQOL) of adults
may vary across different age groups. It is speculated that age
might act as a moderating factor in the relationship between
PA and HRQOL. Moreover, to analyze this relationship while
considering other factors, we controlled for covariates such as
marital status, education level, smoking, alcohol consumption, and
chronic diseases.

The general goal of this study was to investigate the relationship
between PA and HRQOL in adults residing in Shandong province,

China. The specific objectives are as follows: (1) to explore the
association between PA and HRQOL, different PA levels, and
HRQOL in adults and (2) to examine the potential moderating role
of age on the association among PA and HRQOL. Clarifying the
association between PA and HRQOL among different age groups
will provide new evidence for policymakers to design general and
age-specific health intervention programs at the national health
level and to encourage adults to adopt healthy behaviors.

Methods

Data and design

This study used the data from the sixth China National
Health Services Survey in Shandong province in 2018. Shandong
is located in the eastern China, which is the second most populous
province in China. The population exceeded 101.7 million in
2020, of which 66.1% were aged 15–64 years (33). The China
National Health Services Survey was conducted by the Statistics
Information Center of National Health Commission of the People’s
Republic of China since 1993. The follow-up survey was conducted
every 5 years. The multi-stage-stratified cluster random sampling
method was used (34). A total of 20 counties (districts) of
17 municipalities in Shandong Province were included. Each
county (districts) randomly sampled five towns or streets. Two
villages (communities) were sampled from each town (street).
Households were extracted from villages (communities) by a
system sampling method, and 65 households were selected from
each village (community), with individuals aged 18 and above
included in present study. The data were collected through face-to-
face interview by trained local investigators using electronic data
collection devices.

Measures

Health-related quality of life

In this study, the HRQOL was a dependent variable. The
instrument used to evaluate the HRQOL was the three-level
EuroQol Five Dimensions Questionnaire (EQ-5D-3L) (35), which
has become an important scale for measuring HRQOL in the
world (21, 36). The validity and reliability of EQ-5D-3L had
examined among Chinese population (37–42). EQ-5D-3L includes
five dimensions, namely, mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression. Each dimension contains
three levels: no problems, some problems, and extreme problems.
Because the percentage of extreme problems was low in each
dimension, for echoing in previous study (43), we divided
participants in each dimension into no problem (0) and have
problem (including some problem and extreme problem, 1) (9).
The EQ-5D-3L utility value was generated by the Chinese time
trade-off method (44). The Chinese utility values for EQ-5D-
3L health status ranged from −0.149 to 0.887 (44), which were
similar to those estimated in other counties. The value of 0.887
represents full health and negative value represents health status
worse than death, which indicated that the HRQOL of individuals
was extremely poor (45).
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TABLE 1 Basic characteristics of participants by physical activity level in Shandong province, China.

Characteristics Frequency (%) Physical activity level P-value

Inactive (%) Insu�cient (%) Active (%)

N (%) 27,673
(100.00)

13,978 (50.51) 3,220 (11.64) 10,475 (37.85)

Age Young adults 9,926 (35.87) 5,136 (51.74) 1,577 (15.89) 3,213 (32.37) <0.001

Middle-aged
adults

11,804 (42.66) 6,025 (51.04) 1,140 (9.66) 4,639 (39.3)

Older adults 5,943 (21.48) 2,817 (47.40) 503 (8.46) 2,623 (44.14)

Gender Female 14,407 (52.06) 7,150 (49.63) 1,713 (11.89) 5,544 (38.48) 0.009

Male 13,266 (47.94) 6,828 (51.47) 1,507 (11.36) 4,931 (37.17)

Marital status Married 24,193 (87.42) 12,330 (50.97) 2,792 (11.54) 9,071 (37.49) <0.001

Single 3,480 (12.58) 1,648 (47.36) 428 (12.3) 1,404 (40.34)

Education Illiteracy 3,597 (13.00) 2,170 (60.33) 308 (8.56) 1,119 (31.11) <0.001

Primary and
junior school

15,390 (55.61) 8,464 (55.00) 1,525 (9.91) 5,401 (35.09)

Senior school 4,906 (17.73) 2,119 (43.19) 643 (13.11) 2,144 (43.7)

College and
above

3,780 (13.66) 1,225 (32.41) 744 (19.68) 1,811 (47.91)

Tobacco No 21,784 (78.72) 10,588 (48.6) 2,549 (11.7) 8,647 (39.69) <0.001

Yes 5,889 (21.28) 3,390 (57.56) 671 (11.39) 1,828 (31.04)

Alcohol No 19,308 (69.77) 9,669 (50.08) 2,255 (11.68) 7,384 (38.24) 0.026

Yes 8,365 (30.23) 4,309 (51.51) 965 (11.54) 3,091 (36.95)

Chronic diseases No 19,391 (70.07) 9,860 (50.85) 2,424 (12.5) 7,107 (36.65) <0.001

Yes 8,282 (29.93) 4,118 (49.72) 796(9.61) 3,368 (40.67)

Physical activity

Physical activity (PA) was an independent variable in this
study. International Physical Activity Questionnaire Short Version
(IPAQ-SF) (46) was usually used to collect the information of PA
in the past 7 days: the average time per day, the number of day
physical activity per week, and the intensity of the PA. The China
National Health Services Survey draw on the methods of IPAQ-
SF collecting PA time and frequency, but the collection period
was adjusted to the past 30 days per week. The questions were
as follows: “In the past 30 days, how many days per week did

you engage in moderate or vigorous physical activities (such as

morning exercises, inter-class exercises, physical education classes,

extra-curricular sports classes, work-room exercises, square dancing,

walking exercises, walking, running, etc.)?,” “How many minutes did

you spend exercising each time?,” and “How intense is your average

physical activity (self-breathing and heart rate increase).”

Based on the recommended physical activity (PA) guideline
of the World Health organization (WHO) (47) and American
College of Sports Medicine (ACSM) Position Stand (48–50), along
with previous study about physical PA levels and HRQOL (12, 18,
51), we chose to follow the minimum standard of recommended
guideline for this study. Consequently, PA was classified into
three levels:

1) inactive PA: no physical activity;

2) insufficient PA: participated in some physical activity but did
not meet the recommend line;

3) active PA: moderate physical activity for at least 30 min·d
on 5 d·wk or vigorous physical activity for at least ≥20 min·d on
≥3 d·wk.

Covariates

The age group was divided into three age categories (51–
53): the young group (18–44 years), middle-aged group (45–
64 years), and older group (≥65 years). Marital status was
divided into married and single (including divorced, unmarried,
and widowed). The educational level was coded as four groups:
illiteracy, primary and junior, senior, college and above. In addition,
smoke, drink, and chronic diseases were included in this study
(Table 1).

Statistical analysis

First, frequency and percentage were used to describe
the demographic characteristics of the adults by different age
groups. Second, the analysis of variance (ANOVA) was employed
to compare the differences of participants’ EQ-5D-3L index
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TABLE 2 EQ-5D-3L utility values by PA level and age group and the percentage of adults with problems in EQ-5D in Shandong province, China.

Variable EQ-5D-3L
utility values,
mean ± SD

The percentage of adults with problems in EQ-5D

MO (%) SC (%) UA (%) PD (%) AD (%)

Total∗∗∗ b∗∗∗ (n=

27,673)
0.889± 0.001 9.29 4.29 6.59 19.20 6.45

Inactive 0.873± 0.001 12.28 6.27 9.13 22.63 8.30

Insufficient 0.900± 0.002 6.93 2.55 4.63 15.47 4.19

Active 0.907± 0.001 6.02 2.18 3.81 15.76 4.47

Young adults (n=

9,926) 1∗∗∗
1.28 0.88 1.36 5.29 2.54

Inactive 0.923± 0.001 1.71 1.11 1.95 6.52 3.33

Insufficient 0.929± 0.001 1.01 0.76 1.01 4.57 1.65

Active 0.932± 0.001 0.72 0.56 0.59 3.67 1.71

Middle-aged adults (n
= 11,804) 2∗∗∗

7.95 2.91 5.12 21.72 7.06

Inactive 0.879± 0.002 10.42 4.00 6.90 25.56 8.85

Insufficient 0.898± 0.003 6.75 2.28 3.95 21.05 6.93

Active 0.908± 0.001 5.04 1.64 3.08 16.90 4.76

Older adults (n=

5,943) 3∗∗∗
25.31 12.27 18.26 37.41 11.80

Inactive 0.770± 0.004 35.50 20.52 26.98 45.72 16.19

Insufficient 0.834± 0.007 25.84 8.75 17.50 36.98 10.54

Active 0.874± 0.002 14.26 5.11 9.04 28.56 7.32

MO, mobility; SC, self-care; UA, usual activity; PA, pain or discomfort; AD, anxiety or depression. P-values with statistical significance: ∗∗∗P < 0.001. aANOVA tests was employed to compare

the EQ-5D utility values among adults in PA levels. bANOVA test was used to compare the EQ-5D utility values between age groups and PA levels. 1,2,3 Bartlett’s test was used to compare the

EQ-5D utility values of adults with each PA level in young, middle-age, and older adults, respectively.

values among adults with different PA levels and age groups.
Third, ordinary linear regression analysis was employed to
investigate the relationship between PA (independent variable)
and HRQOL (dependent variable). We first introduced PA and
age into regression mode l. Then, we added the interaction
of PA level and age into model 2. If the interaction term
was significant, we would analyze the association among PA
and HRQOL stratified by age. Stata 14.0 is used to analyze
all data.

Results

Social-demographic characteristics

Table 1 presents the basic characteristics of respondents
by the PA level. A total of 27,673 adults were included
in the present study. Out of the total 27,673 participants,
50.51% were inactive, and 37.85% were active. The majority
of the participants were middle-aged adults (42.66%),
female (52.06%), primary and junior education (55.61%),
without tobacco consumption (78.72%), without alcohol
consumption (69.77%), and without chronic diseases
(70.07%).

The EQ-5D-3L utility values of adults by PA
level and age

As shown in Table 2, the average EQ-5D-3L utility value
was 0.889. Adults with active PA had the highest EQ-5D-3L
utility values (0.907), and adults with inactive PA level had the
lowest values (0.873). The results of ANOVA showed there was a
significant difference (P < 0.001) in EQ-5D-3L utility values across
different PA levels of general adults. The pairwise comparison
results further showed a significant difference (P < 0.001) in EQ-
5D-3L utility values of adults in different levels of PA. Adults in
active PA level had the highest EQ-5D utility values in all age
groups, and the adults with inactive PA level had the lowest EQ-
5D utility values in all age groups. When stratified by age, there are
significant differences (P< 0.001) in EQ-5D-3L utility values across
PA levels among all age groups.

The percentage of adults with EQ-5D problem in inactive PA
level (pain/discomfort: 22.63%, mobility: 12.28%, usual activity:
9.13%, anxiety/depression: 8.3%, and self-care: 6.27%) is higher
than that of adults in insufficient (pain/discomfort: 15.47%,
mobility: 6.93%, usual activity: 4.63%, anxiety/depression: 4.19%,
and self-care: 2.55%), and active PA level (pain/discomfort: 15.76%,
mobility: 6.02%, usual activity: 3.81%, anxiety/depression: 4.47%,
and self-care: 2.18%). Older adults in each PA level tended to report
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TABLE 3 Relationship between physical activity and HRQOL among adults in Shandong province, China.

Characteristic Model 1: No interaction Model 2: PA level × age

Coe�cient 95%CI Coe�cient 95%CI

Physical activity level

Inactive 1.0 1.0

Insufficient 0.019∗∗∗ [0.015, 0.023] 0.003 [0.03, 0.038]

Active 0.035∗∗∗ [0.032, 0.038] 0.007∗∗∗ [0.011, 0.023]

Age

Young adults 1.0 1.0

Middle-aged adults −0.032∗∗∗ [−0.034,−0.029] −0.038∗∗∗ [−0.034,−0.029]

Older adults −0.087∗∗∗ [−0.092,−0.081] −0.129∗∗∗ [−0.092,−0.082]

PA level × Age

Insufficient×middle-aged group 0.012∗∗∗ [0.005, 0.019]

Insufficient× older group 0.059∗∗∗ [0.043, 0.075]

Active×middle-aged group 0.018∗∗∗ [0.013, 0.023]

Active× older group 0.088∗∗∗ [0.078, 0.097]

R2 0.146 0.162

R2change 0.114 0.113

F 338.36∗∗∗ 255.650∗∗∗

Adjusted for gender, marital status, education, tobacco, alcohol, and chronic diseases. ∗∗∗P < 0.001.

more problems in EQ-5D. Adults with inactive PA level reported
more problems in all EQ-5D-3L dimensions.

Association between PA levels and HRQOL
among adults

In Table 3, after adjusting for gender, marital status, education,
tobacco consumption, alcohol consumption, and chronic diseases,
model 1 showed that PA was positively association with HRQOL
of adults. Compared with adults with inactive PA, adults with
insufficient PA (coefficient = 0.019, 95%CI: [0.015, 0.023]) and
active PA (coefficient = 0.035, 95%CI: [0.032, 0.038]) reported
better HRQOL. When adding the interaction term of PA levels
and age, model 2 showed that the moderating role of age in the
association between PA levels and EQ-5D-3L utility values was still
significant (P < 0.001).

Table 4 shows the results stratified by age, the relationship
of PA level, and each dimension of EQ-5D. After adjusting for
gender, marital status, education, tobacco consumption, alcohol
consumption, and chronic diseases, insufficient PA level and active
PA level were significantly associated with HRQOL in middle-
aged and older adults. For young adults, active PA level was
significantly associated with HRQOL. Middle-aged adults with
sufficient (coefficient = 0.016, 95%CI: [0.009, 0.022]) and active
PA level (coefficient = 0.026, 95%CI: [0.022, 0.030]) reported
higher EQ-5D-3L utility values. This positive association was also
observed among old adults with insufficient (coefficient = 0.065,
95%CI: [0.050, 0.080]) and active PA (coefficient = 0.095, 95%CI:
[0.086, 0.105]) level. Except the dimensions of pain/discomfort

and anxiety/depression of middle-aged adults in insufficient PA
level, the percentages of EQ-5D dimensions with problem were
all associated with PA. Adults with insufficient PA reported more
problems in dimensions except for anxiety/depression among
young adults.

Discussion

This study found that there was a positive association between
PA and HRQOL of adults among young, middle-age, and older
adults in Shandong province, China. The same activity level played
different roles in HRQOL among different age groups. This finding
helps elucidate that age is an important factor in the relationship
between PA and HRQOL and facilitates individuals choose suitable
type of PA so as to improve HRQOL.

Echoing previous study (16), our results showed that PA was
positively associated with HRQOL among general adults in China.
First, PA could improve cardiorespiratory fitness (commonly
measured by maximal oxygen uptake), which is a most important
indicator of health. PA could improve numerous factors that
limited maximal oxygen uptake (54), and after aerobic training,
the maximal oxygen uptake could increase (55) and the population
would release stress, reduce anxiety, and improve physical health
and mental health. Furthermore, the relationship between PA and
HRQOL was clearer by the analysis by the PA level. In active
PA level, we found that PA was positively associated with better
HRQOL among general adults. These finding were consistent
with previous studies that reported active participants had better
HRQOL than inactive and insufficiently active participants (12,
14, 18, 56), but in insufficient PA level, this positive relationship
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TABLE 4 Association between physical activity and HRQOL among young, middle-aged, and older adults in Shandong province, China.

Characteristics EQ-5D-3L values
coe�cienta

(95%CI)

EQ-5D-3L dimensions

MO AORb

(95%CI)
SC AORb

(95%CI)
UA AORb

(95%CI)
PD AORb

(95%CI)
AD AORb

(95%CI)

Young adults (n = 9,926)

Inactive Ref 1.0 1.0 1.0 1.0 1.0

Insufficient 0.003 [0.000, 0.005] 0.91
[0.526, 1.590]

1.07 [0.557, 2.059] 0.83
[0.474, 1.455]

0.87 [0.663, 1.130] 0.60∗∗∗

[0.394, 0.922]

Active 0.005∗∗∗ [−0.003, 0.008] 0.52∗∗∗

[0.321, 0.848]
0.579 [0.326, 1.027] 0.34

[0.202, 0.582]
0.67∗∗∗ [0.535,

0.831]
0.55∗∗

[0.399, 0.756]

Middle-aged adults (n = 11,804)

Inactive Ref 1.0 1.0 1.0 1.0 1.0

Insufficient 0.016∗∗∗ [0.009, 0.022] 0.68∗∗∗

[0.523, 872]
0.57∗∗∗ [0.373,

0.866]
0.58∗∗∗

[0.419, 0.804]
0.84 [0.717, 0.985] 0.81

[0.442, 0.624]

Active 0.026∗∗∗ [0.022, 0.030] 0.50∗∗∗

[0.428, 0.593]
0.40∗∗∗ [0.308,

0.529]
0.45∗∗∗

[0.368, 0.553]
0.65∗∗ [0.583,

0.914]
0.54∗∗∗

[0.636, 1.011]

Older adults (n = 5,943)

Inactive Ref 1.0 1.0 1.0 1.0 1.0

Insufficient 0.065∗∗∗ [0.050, 0.080] 0.60∗∗∗

[0.483, 0.751]
0.34∗∗∗ [0.248,

0.479]
0.54∗∗∗

[0.415, 0.689]
0.68∗∗∗ [0.445,

0.565]
0.60∗∗∗

[0.445, 0.820]

Active 0.095∗∗∗ [0.086, 0.105] 0.32∗∗∗

[0.277, 0.367]
0.22∗∗∗ [0.176,

0.264]
0.27∗∗∗

(0.232, 0.322)
0.52∗∗∗ [0.597,

0.849]
0.47∗∗∗

[0.390, 0.563]

Adjusted for gender, marital status, education, tobacco, alcohol, and chronic diseases. MO, mobility; SC, self-care; UA, usual activity; PA, pain or discomfort; AD, anxiety or depression. P-values

with statistical significance: ∗∗∗P < 0.001. aLinear regression analysis stratified by age group without covariable adjustment. bOdds ratio based on logistic regression analysis fully adjustment.
∗∗P <0.05.

among PA and HRQOL was not obvious among the young
adults. Meanwhile, our finding provides further evidence of the
relationship among PA dose and HRQOL. The function may be
limited, but insufficient PA level is also positive to HRQOL of
middle-age and older adults. These findings suggest that it is
essential to do moderate PA to improve HRQOL for adults.

In the present study, we found that age was not only associated
with HRQOL but also moderated the positive effect of PA on
HRQOL. With the increase of age, HRQOL decreased, which
was in accordance with previous study (57). The moderated
analysis showed that the improvement of PA on HRQOL was most
evident in older adults, indicating that age moderated the positive
function of PA to HRQOL and the positive function was more
conspicuous in older adults. This finding was in accordance with
previous studies that strong evidence on PA improves HRQOL
of older adults and limited evidence of young adults (20, 58).
An interpretation for this finding might be that older adults have
enough time to engage in PA regularly. Another reason might
be that HRQOL of older adults decreased significantly with the
increase of age; thus, the effect of PA onHRQOL in older adultsmay
be more visible than middle-age and young adults. The findings
indicated that future interventions should pay more attention to
the older individuals.

We found most dimensions of HRQOL were significantly
associated with PA, especially among middle-aged and older adults.
For middle-aged adults, the function of PA on HRQOL was also
obvious, except the dimension of pain or discomfort. This finding
was consistent with the abovementioned research (59, 60). Similar
finding was reported in previous study from different perspectives

that PA-induced changes in neurotransmitters of the brain and
endogenous opioids were associated with mental health, such as
depression, anxiety, and other mood constructs (27, 61, 62). We
also found that PA significantly improved all HRQOL dimensions
of older adults. This indicated that older adults engaging PA
could effectively enhance all dimensions of HRQOL. As for the
young adults, the function of PA was significant in the dimension
of anxiety or depression. This finding implied that policymaker
should develop different PA interventions for the adults with
different ages to enhance HRQOL.

This study has several limitations. Frist, the data used in present
study are cross-sectional, which could not determine the causal
relationship between PA and HRQOL. Second, HRQOL is self-
reported, which might result in some potential bias. The PA level
was divided by the minimum standard of recommend guideline,
which may be overestimating the population with active PA. Third,
this study is based on the data from Shandong province, and
the main conclusion or findings may not be generalized to other
provinces or regions.

Conclusion

This study shown that PA was positively related to of HRQOL,
and most of HRQOL dimensions were significantly associated with
PA. The association between PA and HRQOL was found to be
moderated by age, with the influence of PA on the HRQOL of older
adults being more significant than that of other age groups. These
findings offer new evidence for policymakers to develop targeted
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interventions aimed at effectively improving HRQOL for different
age groups of adults.
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Background: Health care workers are crucial for a productive and thriving health
care system, yet the health and lifestyle behaviour of key groups within this
workforce (for example nurses and healthcare assistants/support workers) is
typically poor. The extent of health and wellbeing documents that guide
action towards improving their health and wellbeing is unknown. Using one
health care system, NHS Scotland, as an example, the aim of this study was to
assess the number of NHS health boards with workplace documents focused
on health and wellbeing of employees, the quality of these documents and
the extent to which they reference lifestyle behaviours, namely physical activity.
Methods: Documentary analysis was undertaken on employee health and
wellbeing policies (and wider documents). These were sourced through online
searches on Google search engine and Freedom of Information Requests sent
to all 14 Scottish NHS Health Boards. Titles and content were assessed for
relevance to employee health and wellbeing. Content analysis was used to
analyse the included documents against eight predefined codes.
Results: Thirteen documents were retrieved with 11 of the 14 Health Boards
having at least one relevant document. The content varied greatly between
documents with regards to how many reported the eight codes and the
quality of content within these. Nine documents mentioned physical activity
but mainly in relation to current activities rather than in the context of a future
healthy workforce.
Conclusions: Despite the importance of a healthy, health care workforce, more
work is needed to ensure high level documents are able to support these efforts,
especially with reference to lifestyle behaviours.

KEYWORDS

health care, physical activity, policy, documentary analysis, health care staff

Introduction

Health care employees are essential to a productive and thriving health care system

worldwide. The health care workforce is vast, with an estimated 65 million employees

globally (1). This workforce is essential for delivering high-quality patient care and help

deliver key global agendas such as the United Nations (UN) Sustainable Development
01 frontiersin.org37

http://crossmark.crossref.org/dialog/?doi=10.3389/fspor.2024.1308603&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fspor.2024.1308603
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fspor.2024.1308603/full
https://www.frontiersin.org/articles/10.3389/fspor.2024.1308603/full
https://www.frontiersin.org/articles/10.3389/fspor.2024.1308603/full
https://www.frontiersin.org/articles/10.3389/fspor.2024.1308603/full
https://www.frontiersin.org/articles/10.3389/fspor.2024.1308603/full
https://www.frontiersin.org/journals/sports-and-active-living
https://doi.org/10.3389/fspor.2024.1308603
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Hoyle et al. 10.3389/fspor.2024.1308603
Goals with The World Health Organisation (WHO) Working for

Health 2022–2030 action plan emphasizing their importance for

population health, health system sustainability, economic

prosperity and social protection (2). Despite this, the health of

this workforce is typically poor (3) with health care employees

more likely to have increased body mass indices, are at higher

risk of developing obesity, type 2 diabetes, and coronary artery

disease than the general population (4–7). The world’s largest

employers of health care staff, the National Health Service

(NHS), with 1.7 million employees across the United Kingdom

(8–11), report challenges within the workforce as a result of

employee health including higher levels of sickness absence and

work-related illness than those in other sectors. For example, in

2021, NHS England reported a sickness absence rate of ranging

between 4.1% and 6.2% (12) compared to the 2.2% national rate,

with other home nations such as Scotland reporting similar

figures (13). In many European Countries, sickness absence is

also high among healthcare employees (14). Focusing on the

health of this workforce is therefore a key priority area.

Whilst multiple factors contribute towards employee health and

wellbeing, tackling lifestyle behaviours that affect both health care

employees and the wider population is essential (15). Lifestyle

behaviours such as smoking, alcohol use, diet and physical

inactivity are significant contributors to noncommunicable

diseases, health and wellbeing (16) and can impact on many of

the health conditions that disproportionality effect health care

employees. Health care employees are also key messengers,

advocates and promoters of lifestyle behaviors/health at a

population, with health care employees who practice healthy

lifestyle behaviours more likely to promote them with patients (17,

18). A significant number of interventions to improve health care

employee health have been implemented as a result for example in

2020 a rapid review and evidence map of workplace-based

interventions to promote healthy lifestyles in healthcare employees

was undertaken and yielded 12 review of reviews and 312 other

reviews (19). Interventions varied widely and included exercise

programs, nutritional advice, lifestyle education sessions and e-

health messaging (20), but authors concluded that research was

typically of poor quality and that there was no best practice

intervention approach recommend for this setting. All included

interventions were also mainly individually focused and neglected

the wider contents that can support interventions in this setting.

Numerous potential interventions are therefore available that could

improve NHS employee health and wellbeing, however, the best

way to implement these is still unknown.

One area that is largely under researched with regards to the health

and wellbeing of health care employees is the organizational policy

environment. With a move towards more ecological and systems-

based approaches which reflects the wider cultural, environmental

and organizational policy aspects around employee health and

wellbeing (21, 22) there is a need to explore the role of organizational

policy within this. This is different to public policy such as smoking

bans or seatbelt usage which is established by governments and are

typically related to legislation (23). To date, the extent to which

organizational health and wellbeing policies endorse and guide action

towards improved health care employee health and wellbeing is
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unknown. In addition, whether these documents provide support for

promoting healthy lifestyle behaviours known to benefit positive

health outcomes is also unclear. Whilst it might not always be the

case that organizational policy equates to action or improvement in

employee health, there is evidence that organizational policy can

positively influence health behaviours (24, 25).

This study uses one health care system, NHS Scotland (26), as

an example to explore organizational health and wellbeing policies

for health care employees and the extent to which they focus on

promoting lifestyle behaviours. Whilst there are numerous

lifestyle behaviours that could be explored, this paper will focus

on physical activity. Physical activity is defined as any bodily

movement produced by skeletal muscles that results in energy

expenditure (27). Physical activity therefore incorporates a wide

range of activities such as walking, cycling, gardening and lifting

weights and these are normally described within the domain in

which they occur—transport, domestic/household, leisure time,

occupational. Physical activity is especially important in health

care workers and has been shown to improve stress, burnout and

wellbeing (28, 29), depression and anxiety (30) blood pressure,

vitality and life satisfaction (31). Therefore, out of all the possible

health behaviours, physical activity has a significant potential to

influence a wide range of health and other outcomes (physical,

mental, social and organizational) which are essential in this

workplace. Whilst, some health care workers can gain a large

amount of movement (mainly steps) at work, evidence suggest

that occupational activity may not confer the same benefits as

other domains, namely leisure time physical activity (32) and

therefore is still an important area to explore in this workforce.

The aim of this study is therefore to assess; (1) the number of

NHS Scotland health boards that have organizational policies

focused on health and wellbeing of employees and the quality of

these documents; and (2) the extent to which these reference

lifestyle behaviours, namely physical activity.
Methods

This study reviewed organizational policies (and wider

documents) written by NHS managers/Human Resources with

the function of supporting the health and wellbeing of NHS

employees. The definition of health policy was based on the

World Health Organization (WHO) guidance (33):

Health policy refers to decisions, plans, and actions that are

undertaken to achieve specific health care goals within a society.

An explicit health policy can achieve several things: it defines a

vision for the future which in turn helps to establish targets and

points of reference for the short and medium term. It outlines

priorities and the expected roles of different groups; and it builds

consensus and informs people.

These documents are not available through peer-reviewed

literature and are typically published on NHS websites, employee

intranets or portals. Therefore, a conventional review and

analysis was not applicable for this study. Instead, Documentary

Analysis (or document review) was used and is a common

approach in health policy research (34). The READ approach
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provides a framework for document analysis and was applied in

this study (35). This approach consisted of four steps: (1)

readying the materials, (2) extracting the data, (3) analysis/

synthesizing the and (4) distilling the findings. Ethical approval

for this study was granted by General University Ethics Panel,

University of Stirling; Reference Number EC 20224791 5015.
Information sources and search strategy

An initial search was conducted using the Google search engine

in July 2019 to assess whether documents were available online

without the need to contact NHS boards directly. Search terms

included the name of the 14 territorial NHS Scotland Health

Boards and terms related to the population (employees),

intervention (health and wellbeing) and document type (policy). No

date range were applied to the search. From this initial search it

was clear that some documents were visible online but not

accessible such as those on staff intranet sites and that some health

and wellbeing documents were incorporated into other policies and

strategies and might not be discovered in an online search alone or

by only focusing on documents classed as “policy”. A broader

definition of a “policy” was therefore adopted to include “formal

written codes, strategies, plans, decisions, regulations and directives

that have been official enacted or endorsed by the governing body at

a given level” (36). Therefore, the search was broadened to include

terms such as “strategy” and “framework”.

A secondary search approach was adopted to gain access to

documents that were visible online but not accessible and to check

for other documents that might not be posted online. A Freedom

of Information request (FOI) was sent to all 14 territorial NHS

Scotland health boards in July 2019, requesting and policy/

strategy/framework (other document) within the named Health

Board which focus on employee health and wellbeing. Due to the

time between the initial FOI and data analysis a further FOI was

sent in November 2021 and a follow-up one in March 2022 to

ensure the most recent documents were captured.
Eligibility criteria and screening

Document titles were entered into a spreadsheet in Microsoft

Excel. Duplicates were removed and titles screened for relevance

by Author 2 (10% were then checked by Author 4 & Author 1).

Documents were eligible if they were either a policy/strategy/

framework that had a primary focus on employee health and

wellbeing. Documents were excluded if they did not focus on

wellbeing, were not specifically for NHS staff, had been

superseded with a newer document (some documents were

retrieved via online search, but newer versions were received

following FOI requests) or were not a policy, strategy, or

framework. Full texts of all remaining documents were assessed

for eligibility by Author 2 and were cross checked by both

Author 1 and Author 4. We have made the decision not to

provide references for the health board documents, but these can

be provided on request to the Authors.
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Data extraction, synthesis and analysis

A specific data extraction template and codes were developed

for this review and created in Microsoft Excel. The template and

codes draws on the WHO definition of health policy previously

stated and existing policy analysis tools and frameworks (33, 37–

40) including the Australian State Government Health and

Wellbeing Policy example document developed to assist

workplaces develop their own health and wellbeing policies- (41).

Codes for analysis were selected based on discussions within

the research team which comprised of two NHS nursing

registrants (Author 2, Author 3), who were actively employed in

the NHS, an academic researcher with a nursing registration

(Author 4) and an academic researcher in workplace health and

wellbeing (Author 1). The final data extraction template

comprised the following eight codes: goals/aims, objectives,

responsibilities, communication plan, monitoring outcomes,

wider policy context, review date and resources. In Table 1, a list

of definitions is provided for each code. In addition to these

codes, document type and year of publication were also extracted.

Each document was read and reviewed by Author 1, Author 4

and Author 2. For each code, a description of the content and

extracts from each document were added into the data extraction

template. It was noted whether this information was provided,

not provided, not expected, or not expected but provided. Due to

three different types of documents (policy, framework & strategy)

being included in analysis, not all headings were applicable for

all documents and hence the “not expected” category was

created. For example, strategy documents and frameworks might

not have a communication plan included or might not provide a

set review date but more a time period that the document covers.

The extracts formed the basis of the quality appraisal. Due to

the nature of these documents, conventional quality appraisals

were not applicable. Previous health policy research within the

food (42) and physical activity sector (39) have assessed the

quality of policy documents (defined as the strength and

comprehensiveness of the information provided) compared

against best practice statement examples. For this review, the

strength, comprehensiveness and level of detail of the extracted

data was used to compare across all documents by both Author

1 and Author 4 and formed the basis of the quality appraisal.

The quality of each code was assessed as low, medium, high or

not included, with definitions of these provided in Table 1.

To address the aim focusing on physical activity content, each

document was also searched for reference to the promotion of

physical activity. Physical activity was added as a code to the

data extraction template spreadsheet. Using the PDF/word

document search function in each document the following terms

were searched; physical activity/activities, exercise/s, sport/s,

leisure, walk/ing, active travel/transport, bike, cycling and fitness.

Each document was also read in full to check for any other

derivatives of these terms. Mention of physical health but not

physical activity were not coded as including physical activity. If

physical activity was mentioned but not in reference to its role in

the promotion of employee wellbeing, this was also not coded.

For example, it was not coded if a document merely stated in a
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TABLE 1 Data extraction headings and definitions and determination of quality level.

Codes for
data extraction

Definition Quality assessment

Goals/aims What is to be achieved as a result of the document. They
should be clear and specific statements.

Low: No clear or specific statements provides
Medium: Stated, but not clear or specific
High: Clearly stated, well-articulated and comprehensive

Objectives Actions the Health Board is going to do to achieve their
goal/aim. They should be clear, note how they should be
achieved, action orientated and specific statements.

Low: Limited information on the objectives and how they could be achieved
Medium: Some information on the objectives and how these could be achieved
High: Detailed objectives with a clear timeframe and an overview of how they could be
achieved—action-orientated

Responsibilities for
action

List of specific people/roles/groups in the organisation and
what they need to do to help achieve the document aims/
objectives. This would normally be split into staff and
managers.

Low: Limited detail provided on who is responsible for what action
Medium: Provided an overview of what should be done but vague as to who is
responsible for which action
High: Clear detail of what should be done how it will be done and by whom

Communication plan Clear plan of how the actions of the document are
communicated to ensure the benefits it seeks to have are
known about. For example, this could be via staff intranet,
leaflets, staff meetings etc.

Low: Limited detail provided
Medium: Some details provided but unclear or vague
High: Clear and detailed plan highlighting how dissemination of the document and/or
actions within the document will occur

Monitoring outcomes Evaluating the changes that occur if the document is
enacted which may include indicators and measures (could
also be referred to as surveillance).

Low: Limited indicators and measures identified
Medium: Some indicators and measures identified
High: Clear and specific indicators and measures identified

Wider policy context Reference to either other internal or national policies,
legislation such as from the health and safety executive or
reviews on employee health and wellbeing in the NHS.

Low: Limited detail provided
Medium: Referenced local policies only
High: Referenced both national and local policies and legislation

Review date Provides the exact date given when the document will be
reviewed.

Low: No clear review date
Medium: Review date provided but already overdue for review
High: Review date provided and still in date

Resources Any mention of how the activities or actions within the
document will be resourced with a focus on financial
support. Reference to previously funded activities were not
included.

Low: Limited detail provided on how actions will be resources
Medium: Some information on how actions will be resources but no detail on how these
resources will be made available
High: Clear information on how actions will be resourced with reference to financial
support
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background section that “physical activity is good for health”. Data

are presented as a description of content, example extracts, whether

walking or active transport were explicitly mentioned (yes/no) and

if physical activity was measured or noted as a key outcome (yes/no

and details/extract). It was possible to extract data specifically on

the domain of active transport, but it was not always possible to

identify the domain in which physical activity was referenced.

Therefore, not all activity domains are explicitly referred to in

the results.
Results

Thirteen documents were retrieved (see Figure 1) that focused

on employee health and wellbeing with a summary of which codes

were reported in the documents and their quality rating are shown

in Table 2. Six were policies, four strategies, two frameworks and

one where it met the inclusion criteria, but it was uncertain

exactly which document type it was from the title or document

content. Eleven of the 14 Health Boards had at least one

document with two health boards having both a strategy and

policy document. However, three Health boards did not provide

any relevant documents. The oldest document dated back to

2013 with four documents published since 2020.

Of the included documents, all thirteen stated a goal/aim,

highlighted responsibilities, and the wider policy context. Eleven

stated objectives and nine reported monitoring outcomes. For

communication plans, seven documents noted a plan and review
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dates were provided in nine documents. Five documents made

reference to how activities and actions noted in the document

would be resourced with eight providing no detail on this.

Good practice and less detailed example extracts for each code

are shown in Table 3. Overall the content available for each code

varied greatly across documents. Goals/aims were generally well

articulated across all documents with many providing several

clear aims or goals. The level of detail provided varied between

documents with some providing quite unspecific goals such as

“to improve wellbeing” and others which were more tangible and

actionable/implementable goals. Some were clearly presented at

the start of the document, whilst others were harder to find

through the document. Objectives were less clearly articulated in

the documents as a whole, with varied levels of detail provided.

Detailed objectives provided specific named actions and tasks

whilst less clear examples were more high-level processes that

should be put in place. Where responsibilities were mentioned

there tended to be quite a lot of detail provided, typically in

relation to specific groups of workers (employees, unions,

managers, occupational health, human resources) and gave a

clear list of who was expected to do what. Such detail on

responsibilities was more evident in those classified as policy

documents rather than within the strategies and frameworks.

Communication plans were mainly vague. Those with the most

detail noted that the document would be made available on staff

intranet sites and via other channels whilst those with the least

detail merely highlighted the need for communication without

how this would be achieved. Monitoring outcomes included mainly
frontiersin.org
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FIGURE 1

Adapted PRISMA for searches and screening.
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existing data collection methods (as opposed to new ones specifically

for the document) and high-level outcomes such as staff turnover,

sickness absences, incidences of stress, stress risk assessment,

internal staff surveys and feedback. Many also mentioned the NHS

Health Scotland IMatter staff experience continuous improvement

tool designed with staff in NHS Scotland to help individuals,

teams and Health Boards understand and improve the staff

experience. Whilst the wider policy context was mentioned in all

documents the level of detail varied with some making specific

reference to key NHS Scotland national documents (such as Chief

Medical Officer letters), wider health and safety legislation (e.g.,

Health and Safety at Work act 1974), reviews and reports

[Boorman (15), Marmot (43)], and others referring to just other

local Health Board level documents. Of those which made

reference to resources, the most in-depth documents provided

tangible approaches to funding with one having sourcing external
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funding as an objective with the number of applications made for

local initiatives highlighted as a measurable outcome. Those with

less detail mentioned that the resource of staff time was needed to

progress the actions of the documents with limited additional

details. No document mentioned existing monetary resources

available to fulfil the actions within the document. No one

document reported on all the codes or had high quality ratings

across codes making it not possible to provide an overall quality

assessment for each document.

When assessing reference to physical activity, of the 13

documents, nine mention physical activity (Table 4). Active

travel and walking are the most mentioned types of activity; four

documents note active travel to work schemes, and five

mentioning walking with one noting the importance of taking

the stairs. Walking is noted in relation to walk to work schemes,

local health walks, step counting campaigns, walking routes, and
frontiersin.org
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TABLE 2 Summary of documents and quality assessment of codes reported in each document.

Document
Type

Year
Published

Goal/
Aims

Objectives Responsibilities Communication
plan

Monitoring
Outcomes

Wider
Policy
Context

Review
Date****

Resources

HB1 Strategy 2019 Medium High High ∼ High High High* X

HB2 Framework 2015 High High Medium High* High High Medium* X

HB3 Policy 2013 Low Medium High Low High Medium Medium X

HB4 Policy 2018 High Medium High Low X High High Medium

Hb5 Policy 2020 Medium X High X X Medium High X

Hb6(a) Strategy 2021 Medium Medium Medium ∼ High Medium ∼ X

Hb6 (b) Policy 2015 Medium Medium Medium High X Medium Medium X

Hb7 Framework 2018 Medium Medium Medium ∼ High High ∼ X

Hb8 Policy 2020 Medium Medium High High X Medium High Medium

Hb9(a) Strategy 2021 High High Medium High* High High ∼ High

Hb9(b) Policy 2016 Medium X High X Medium Medium Medium Low

Hb10 Strategy 2015 Low High Low High* Medium Medium Medium* Low

Hb11 Uncertain 2017 Low Medium medium ∼ Medium High ∼ X

x=not provided, ∼=not expected, *=not expected but provided
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making use of greenspace to promote walking. The extent to which

physical activity is referenced and promoted varies between

documents. Eight of the documents reference it with regards to

activities they currently deliver with most signposting to physical

activity resources that employees can utilise both internally and

from external providers. For example, one document mentions

local sports and leisure facilities and a potential staff discount

fee. Three documents provide more detail on physical activity

and note it as a key aim or priority area. These three documents

state physical activity as an outcome in relation to active travel/

active travel schemes. All documents, including the three with

more physical activity detail, mainly focus on individual level

strategies with some, but limited, reference made to

environmental changes. None specifically mention physical

activity with regards to the workplace culture. Two documents

note physical activity change is measured or should be reported

as a key outcome.
Discussion

The aim of this study was to report on the number of NHS

Health Boards in Scotland with workplace health and wellbeing

documents for employees; to assess the quality of these

documents; and the extent to which these reference lifestyle

behaviours, namely physical activity. This study found that

despite the importance of a healthy workforce, some Health

Boards do not have high-level documents in place to support

this. For those that do, there were differences on how many

reported the key expected codes set out in this study and the

quality of the content within these. Lifestyle factors play a key

role in health and wellbeing (44, 45), and when using physical

activity as an example, most of the documents included a

reference to this. However, these were largely in relation to

current activities and signposting employees to resources.

There is the potential to be critical of NHS Health boards for

not having documents in place. This is based on the assumption
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that a specific policy document is needed for action on employee

wellbeing to occur in practice. However, it is positive that this

study showed that the majority do have these documents in

place. One health board that did not have any document

retrieved for this study does have resources available for staff

wellbeing on their website and it is clear they are taking action

in this area without a policy. It is also not possible to suggest

from the current results whether having documents with

examples of good practice had higher employee health as a

result. This debate on policy and action is reflected in a recent

commentary discussing the “policy to practice disconnect” with

regards to physical activity action (46). The authors report on

several examples of cities that have created “comprehensive and

robust multisectoral programs and policies” without formal health

policies or leadership in place (47–51). The current study did

however find that most documents made reference to higher

level, national policies and advice suggesting that higher level

polices might act as a drivers for local policy action.

It has been noted in wider literature that without explicit

mention of resources (financial, staff time, capacity etc.) how

exactly policies and their actions will be enacted is unclear (46).

Whilst this study did not assess action as a result of these

documents, the lack of mention to resources within the

documents is apparent. In the one document with the most

detail on how activities would be resourced, reference was made

to applying for grants, but still no direct or tangible financial

resource were allocated. This information maybe contained in

additional internal documents not included in the current review.

However, clear reference to resourcing is required to ensure

actions can be taken forward and is a key recommendation for

future policy and healthcare documentation development work.

This study also found that there were large variations in

content between the documents. This is with reference to

whether the expected codes were mentioned, the quality of the

content (strength and comprehensiveness) and the ease of

finding the relevant content. Out of the eight key codes expected

to be reported in these documents, only three were reported in
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TABLE 3 Examples of good and poorer content within each code.

Heading Description of content and good practice example
extract

Description of content and less detailed example
extract

Goals/aims Provides a clear list of goals which are quite specific.
“Goal 1 We will provide strategic leadership for staff health and well-being to
ensure that this is fully integrated into daily activity
Goal 2 We will work with staff to provide a continuously improving and
healthy working environment
Goal 3 We will work with staff to improve their physical well-being and
enable them to have longer healthier lives
Goal 4 We will work with staff to improve their mental well-being and
reduce workplace stress.”

Vague goal provided with little detail.
“[Health Board name] will identify and reduce the workplace causes of stress
as far as is reasonable practicable and provide a supportive workplace”

Objectives Tangible and detailed objectives outlined.
“A toolkit of techniques and approaches will further developed to improve
staff mental health and well-being. Specific focus will be given to supporting
the long term aspiration of eliminating workplace stress and helping staff to
recognise the impact of stress and cope with the effects.”

Higher level, general objectives noted.
“Reducing sickness absence and enhancing productivity through the
management of workplace stress and the promotion of mental health and
wellbeing.”

Responsibilities for
action

Clear list of responsibilities by person. Provided in one section of the
document and easy to find. For managers one document noted: “Line
managers, senior managers and leaders all have a responsibility for the
health, safety and wellbeing of employees while at work and must recognise
the impact of good people management on service delivery and
organisational performance.”

Less clear on what each group (employees, mangers etc. should be doing.
Notes just notes the role of the main coordinating group.
“We have an established governance group to ensure senior level engagement
with this strategy. The Staff Health Strategy Governance Group has lead
responsibility for the Strategy.”

Communication
plan

Notes specific actions to communicate plans. “Circulate Policy via Joint
Policy Forum, intranet, Health and Safety/Partnership forums and cascade
via management structure, Healthy Working Lives.”

States communication is important but doesn’t provide details on how to
achieve it.
“It is important to make communication clear to ensure that employees have
realistic expectations of what’s possible, practical and affordable.”

Monitoring
outcomes

Provides tangible, detailed outcomes and how they will be measured.
“Progress will be measured through development of a performance
framework that will include the following indicators:
• Number of days lost to sickness absence
• Number of referrals to OHS
• iMatters employee engagement index
• Number of staff with completed PDP
• Data from annual staff governance statistical report
• Completion of statutory and mandatory training
• Stonewall index
• Completed actions from health and safety plan—dashboard”

Higher level outcomes noted with little detail of how they will be measured.
“Regular evaluation of staff turnover, sickness absence and stress related
incidents identified from the application of other [health board name] and
accidents will contribute to the monitoring and reviewing of the policy.”

Wider context Mention of several national policies, key reports and legislation in addition
to internal health board policies. These may include Staff Governance
Standards, Reviews—Boorman, Marmot, Safe and Well at Work:
Occupational Health and Safety Strategic Framework for NHSScotland,
Health and Safety at Work Act 1974 and letters from the Chief Medical
Officer such as CEL01 (2012) and CEL14 (2006).

Mentions other internal health board policies only.

Resources Provides sources funding as measured outcome and who is responsible for
this.
“There is a clear and straight forward process for Work Well Leads to apply
for funding” and notes under the measures section “number of applications
for funding for local initiatives”.

Mentions resources in terms of funding already again or a statement that
resources are needed not detailing how or where they will come from.
“Ensuring that resources are made available to enable the [Health Board
name] to be implemented”
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every document. The difference between good practice and less

detailed examples demonstrate the disparities between these

documents. Again, whilst inferences cannot be made with

regards to what difference this might make to potential

implementation and improvements in employee health as this

was not explored, these codes were developed from existing tools

aimed to develop and/or assess policies and therefore likely to be

important for document quality and potential implementation

and effect. Producing standard guidance including good practice

examples for health boards could ensure the documents have a

greater chance of being impactful.

Given the benefits of a healthy lifestyle for employees (52),

having 70% of the documents mentioned physical activity is

encouraging. However, due to the importance of physical activity

in relation to health, it might be expected for all Health Boards to
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include it in their health and wellbeing documents. Those that did

mention physical activity, did so in relation to existing activities as

opposed to future plans, and signposting to existing, external

resources to help people become more active, more than proactive

strategies implemented by the workplace themselves. The content

was also very individually focused (as opposed to addressing the

wider physical activity environment) such as including walking

groups and encouraging people to cycle into work. This lack of

depth is not surprising given the evidence-base is largely built on

these types of individual interventions and the ease with which

they can be deliver in comparison to more complex interventions

(20). These documents could instead go beyond individual level

interventions and focus on the context around individuals

(physical, social, cultural, policy environment) and how these

interconnect. Reference to tools such as the Action Scales Model
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TABLE 4 Physical activity content for documents where physical activity was referenced.

Health
board

Mentions
physical
activity

Description of content and example extracts
Extracts are provided in italics

Walking? Active
travel?

PA measured or a key outcome?

HB 1 Yes Discusses promoting staff to be more active. They make note of a
detailed and “well publicised physical activity campaign” but doesn’t
detail this further. Notes a specific gardening physical activity
programme.

No No No (unless in staff survey)

HB 2 Yes “Co-ordination of a range of activities designed to enhance and
improve well-being at work, for example exercise classes held in some
hospital sites, reduced membership costs to local gyms, sports
tournaments, resilience and working health matters groups and cycle
to work scheme.”

No Yes No (unless in staff survey)

HB 4 Yes “All three councils provide sports and leisure facilities in their areas
which can be access for a small fee. Further details of these can be
accessed from the councils’ websites.”

No No No monitoring of any kind in document

HB 5 Yes Appendix on counter measures for dealing with stress. It states:
“People can use exercise to stifle the build-up of stress in several ways.
Exercise, such as taking a brisk walk shortly after feeling stressed, not
only deepens breathing but also helps relieve muscle tension.
Movement therapies such as yoga, tai chi and qi gong combine fluid
movements with deep breathing and mental focus all of which induce
calm.”

Yes No No monitoring of any kind in document

HB 7 Yes All physical activity content is on active travel. States the Health
Board “aims to create an organisational culture which normalises, and
fully supports staff to make travel choices that increase the active
component and reduce car use”. Then states a list of 10 priorities
which includes physical activity.

Yes—Active travel Yes Not a main objective but states its
“committed to regular review of progress in
terms of staff travel choices”

HB 8 Yes Provides links to internal service “including local leisure centres or
health walks” as part of mentally healthy workplace staff support
guide infographic. “Be active” noted as one of 5 steps to improve
mental health. Provide links to local external physical activity
provider of health walks in appendix.

Yes No No monitoring of any kind in document

HB 9a Yes Physical activity mentioned as part of their “work well pillars” which
notes “a holistic approach to staying active, healthy and energised!”. It
is noted again in a section on “Enablers -Environment” which says:
“Ensure good signage and communication is visible to promote active
lifestyles (e.g., encourage staff to take the stairs and stay hydrated)”.

Yes-Taking stairs
example provided

No No (Unless measured in their wellbeing
survey)

HB 10 Yes Physical activity noted in the introduction as a strategy aim: “[Health
Board name] will ensure that employee’s own awareness is increased
as to what is important in ensuring their own health and wellbeing
needs are met, in particular in relation to the correlation between
positive physical, emotional and mental health wellbeing and exercise.”
Mentioned in reference to wider policy. Notes staff are provided with
a range of activities such as “reduced rate exercise classes with local
providers by way of corporate membership to local gyms and staff
walking initiatives”.

Yes Yes Yes—Increase the uptake of walk and cycle
to work schemes

HB 11 Yes Physical activity noted as a priority area for action. It details the
benefits of physical activity and states: “Workplace wellbeing
programmes and facilities to encourage more active travel are a good
way to start. Incorporating physical activity is a key component of any
programme aiming to reduce the number of obese and overweight
employees.” It then provides evidence of successful interventions
from the literature. It notes a pedometer campaign they run and
makes specific recommendations for future work including “Make
use of greenspace to promote walking” and “Adopt the national Cycle
to Work scheme”.

Yes Yes Yes—Active travel survey
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(53) which help policymakers to plan how to intervene more

efficiently in a system could be useful for future practice. In

addition, many of these physical activity suggestions focus on

active leisure time or active travel which may be especially

challenging to promote in a workforce where many people are on

their feet all day. There was no mention of the role of

occupational activity in these documents or even that for some

groups, more rest may be needed over more movement. Future

policies need to take into account the complexity of the health
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care workforce in this regard and to ensure their involvement and

co-design in both policy and intervention development.

Measurement of lifestyle behaviours such as physical activity

could be used as a means to gain further support for these

policies and to monitor their effectiveness. Despite there being 13

documents, only 11 noted outcomes, and of these most were

high level, routinely collected outcomes such as sick leave. Whilst

measures such as sick leave are useful as systems are already in

place to capture the data, they are unlikely to change in a short
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period of time and influenced by multiple complex factors;

therefore, difficult to attribute change as a result of

organizational policy. More responsive measures such as physical

activity or other lifestyle factors could be included as outcomes

in order to assess potential change from employee health and

wellbeing documents.

This study should be used as starting point with regards to

reviewing health and wellbeing policies for health care

employees. Whilst a mainly descriptive analysis was presented in

this study, it is possible to see how improvements in these

documents within the codes assessed could be more likely to lead

to action on employee health. Whether policy leads to action and

whether higher quality policies lead to action is an area of future

research with regards to employee health and wellbeing in the

health care workforce. In addition, the methods used in the

study provide an initial framework for the analysis of health and

wellbeing policy documents for health care employees which

could be developed further to be replicable both nationally and

globally. There was limited guidance on what to include in

analysis of these high-level documents and whilst the methods

used here built on existing research and good practice, the

assumptions and limitations of this framework should be

critiqued in future research and a clear focus on quality

assessment further developed. This study also focused on one

specific lifestyle behaviour, physical activity and wider lifestyle

behaviours such as smoking, and diet were not assessed. Future

studies should conduct similar analysis and assess additional

lifestyle behaviours namely diet. Whether having an

organizational policy in place leads to better improvements in

employee health is still unclear, and whilst difficult to assess,

future research could begin to explore the effects of such policies

on health and wellbeing.
Conclusion

Despite the importance of a healthy health care workforce there

are not always documents available to support these efforts. When

documents were available, they varied greatly with regards to what

was reported and the quality of the included content. With

reference to lifestyle behaviours, using physical activity as an

example, most documents mention physical activity but with

limited detail and mainly in relation to current activities rather

than in the context of a future healthy workforce. More work is

needed to ensure high level, national documents are available to

support health care employee’s health and wellbeing. Ensuring the

quality of these documents by creating standard templates and

making reference to lifestyle behaviours such as physical activity

could be important for creating a healthy health care workforce.
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Objectives: This study aimed to examine the impact of internet usage on physical

activity participation among Chinese residents, utilizing data from the 2017

China General Social Survey (N = 12,264). The objectives were to investigate

the relationship between internet usage and physical activity participation and to

explore the moderating e�ects of gender, age, and education level.

Methods: Multiple regression models and a binary Probit model were employed

to analyze the data. The study focused on exploring the association between

internet usage and physical activity participation, considering the moderating

e�ects of gender, age, and education level. The sample consisted of 12,264

participants from the 2017 China General Social Survey.

Results: The study found a positive association between increased internet

usage and decreased engagement in physical activity, suggesting a negative

influence of internet usage on physical activity. Significant age-related

moderating e�ects were observed, indicating varying patterns of the internet-

physical activity relationship across di�erent age groups. Gender and education

level were also found to significantly moderate this association, highlighting the

impact of gender equality and educational attainment on individuals’ utilization

of the internet for physical activity purposes.

Conclusion: This study underscores the evolving role of the internet in shaping

physical activity behaviors in the Chinese context. It emphasizes the importance

of considering age-related dynamics and societal factors such as gender equality

and educational attainment in health promotion strategies.

KEYWORDS

Chinese context, China General Social Survey, internet usage, physical activity,

moderating e�ects

Introduction

The proliferation of the internet has transformed Chinese lifestyles, profoundly
impacting communication patterns, information accessibility, and leisure activities (1,
2). The internet has become a pervasive force that shapes the way individuals think,
exchange ideas, and engage in various behaviors. This transformation is evident in the
widespread use of digital platforms for communication and the integration of online
activities into daily routines. In the field of physical activities, the internet has become a
significant social phenomenon and economic resource (3–5). It provides new platforms
and development opportunities for physical activities. With the popularization and
application of the Internet, physical activities can not only spread information through
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newspapers, broadcasts, and other means, but also make it easier
for more people to obtain registration for physical activities and
sports training courses through the Internet. This provides new
opportunities for improving the dissemination and participation
of physical activities. In the digital age, the internet has greatly
enriched people’s lives, expanded their range of activities, and
enhanced their abilities and levels of engagement in physical
activities. The internet plays a pivotal role in enhancing residents’
abilities and levels of engagement in physical activities. Through
online platforms, residents can access a wealth of information
about physical activities, including details about sports facilities
such as locations, opening hours, and registration methods.
This accessibility significantly facilitates residents’ participation in
various physical activities.

Moreover, the internet provides residents with the opportunity
to engage in online training and guidance resources, accessible
anytime and anywhere, enabling them to participate in physical
activities under professional guidance. For instance, individuals
can access virtual fitness classes, personalized workout routines,
and expert-led training sessions through online platforms.
Furthermore, the Internet also promotes communication and
interaction among residents, by participating in online discussions
and social media groups to share experiences and establish
connections. This interconnectedness contributes to a sense of
community, encouraging residents to stay motivated and engaged
in their physical activity pursuits. The Internet has become an
indispensable medium for physical activities participation (6, 7).

Physical activities are unique social activities that involve
three dimensions: the interaction between individuals and nature,
individuals and society (8, 9). Physical activities, as a special form
of social activity, encompass various activities aimed at enhancing
and regulating physical functions for specific purposes (10, 11).
Depending on the goals, physical activities can be categorized
into medical exercise, fitness activities, and recreational activities.
Based on the participants, physical activities can be divided into
individual participation and collective participation (12, 13). In
the Internet era, digital technology provides a massive platform
for information exchange, facilitating communication, expanding
the scope of information dissemination, improving information
acquisition efficiency, and enhancing residents’ health conditions
(7, 14).

Research has shown that the internet plays three key roles
in promoting citizens’ engagement in physical activities. Firstly,
the internet serves as a catalyst for increased physical activity
participation. With the rapid development of Internet technology
and the advent of the digital age, the physical activity participation
rate among Chinese citizens has significantly increased (4, 15).
According to the 2020 Survey Report on the Status of National
Fitness Activities released by the National Physical Fitness
Monitoring Center (16), the proportion of residents aged 7
and above who participated in physical exercise once or more
per week in 2020 was 67.5%, with 70.4% in urban areas and
63.1% in rural areas. Notably, when compared to the 2014
survey, the proportion of people participating in physical exercise
once a week or more exhibited a substantial increase of 18.5%.
Secondly, the internet functions as a versatile platform, offering
avenues for entertainment, social interaction, and sport-related
consumption. This multifaceted role enriches individuals’ lives
and contributes to a holistic engagement in physical activities.

Lastly, the internet’s entertainment and consumption functions
collectively impact residents’ physical activity participation by
influencing their preferences and choices (17–19).

Previous studies have pointed out that the participation
of Chinese residents in physical activities is mainly influenced
by two factors: their own health conditions and participation
demands (20). According to the 2023 Statistical Reports on
Internet Development in China, as of June 2023, the number of
Internet users in China reached 1.079 billion, with an internet
penetration rate of 76.4% (21). Various internet applications
continued to develop, and the number of internet users accessing
the internet through mobile phones reached one billion. Self-
health conditions directly affect individuals’ ability to engage in
physical or other activities, while participation demands are based
on physical exercise and leisure entertainment considerations.
Analyzing the impact of the Internet on residents’ physical activities
participation from these two perspectives, the following results
are observed: first, Internet usage has positive relation to physical
health conditions. Residents with poorer physical health (including
chronic illnesses) are more likely to engage in daily sports exercises
through the Internet. Second, Internet usage is positively associated
with social interaction demands. Third, Internet usage has a
positive effect on entertainment demands (22–24).

Overall, the Internet is an important medium and cultural
phenomenon in the social life of Chinese citizens (19, 25). It
provides a crucial platform and technological support for the
development of citizens’ physical activities. Internet usage expands
people’s living space and social interactions, facilitating social
communication (8, 15). Through online information exchange, it
meets people’s information needs. It also enables understanding
of consumption behavior and health conditions, facilitating health
management. The Internet has brought about numerous influences:
it broadens the choices for people to participate in physical
activities, enhances their ability to engage in physical activities, and
strengthens the motivation of residents to participate in physical
activities (26, 27). Analyzing the potential impact of Internet usage
on citizens’ participation in physical activities can provide new
ideas, methods, and approaches for promoting nationwide fitness
in China. Based on the above analysis, this study primarily focuses
on two questions using the 2017 China General Social Survey data:

(1) Does the internet usage have a negative impact on residents’
participation in physical activities in China?

(2) From a structural perspective, do factors such as gender,
education level, and income moderate the relationship
between internet usage in the context of physical activity and
residents’ participation in physical activities?

Literature review, theoretical analysis
and hypothesis

The widespread and rapid development of the internet has had
profound impacts on various sectors of society, including the field
of physical activities. The influence of internet usage on physical
activities participation has become a highly discussed research
topic. Previous research has explored the relationship between
internet usage and physical activity participation, providing
valuable insights into the potential impact of internet usage
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on physical activities participation (28, 29). Studies have found
that increased internet usage, particularly engaging in sedentary
activities such as browsing social media, playing video games,
or watching online content, is associated with a decrease in
physical activity levels. For example, Lin and Lachman’s study
(30) revealed the positive role of internet usage in promoting
residents’ engagement in physical activities. They emphasized that
the internet, as a crucial tool for information acquisition and
communication, can help individuals overcome challenges related
to exercise and information access, thereby stimulating interest
in physical activities participation. Çetin and Kökalan (1), from
the perspective of demographic variables, analyzed the impact
of internet usage on residents’ physical activities participation,
providing a differentiated perspective for research. These studies
have laid the foundation for understanding the mechanisms
by which internet usage affects physical activities participation.
Research by Escobar-Viera et al. (31) showed that higher screen
time, which includes internet usage, was negatively associated with
physical activities participation among adolescents. Similarly, a
study by Wang et al. (32) found that excessive internet usage was
linked to decreased engagement in physical activities among college
students. Excessive internet use, characterized by disproportionate
or inadequately regulated preoccupations, urges, or behaviors
related to internet access resulting in impairment or distress, shares
conceptual similarities with internet addiction (33). These findings
suggest a potential negative relationship between internet usage and
physical activities participation.

From a theoretical standpoint, social cognitive theory can
partially explain the relationship between internet usage and
physical activities participation (34). Social cognitive theory
emphasizes that individuals acquire new knowledge and skills
through observing and imitating the behaviors of others (35).
In the era of the internet, people can gain rich sports-related
information and knowledge by watching live sports broadcasts,
sharing exercise experiences, and participating in online sports
communities, thereby promoting physical activities participation.
However, social cognitive theory also points out that individuals are
influenced by the social environment and the behaviors of others
when making choices. Thus, the content of internet information
and the construction of social networks can have positive or
negative effects on physical activities participation.

Although research suggests a negative correlation between
excessive internet usage and the frequency of physical exercise,
studies such as Vries et al. (36) have indicated the detrimental
impact of internet usage on physical exercise. However, there is a
need for deeper exploration of the relationship between physical
activities participation among Chinese residents and internet usage,
especially when considering different moderating variables.

In terms of gender, existing research has indicated differences
in physical activities participation between males and females.
Compared to the female population, men exhibit a more positive
attitude toward physical activities (37). Males might be more
likely to seek sports-related information and engage in social
activities online, thereby mitigating the negative impact of internet
usage on physical exercise (28, 38, 39). Conversely, females might
spend more time on virtual social interactions and entertainment,
potentially reducing opportunities for physical activity (14). Thus,

gender might play a moderating role in the relationship between
internet usage and physical activities participation.

Age and education level are also important moderating
variables that may influence the relationship between internet
usage and physical activities participation (3, 24, 40). Different age
groups may exhibit varying attitudes and behaviors toward internet
usage and physical exercise (41, 42). Younger individuals might be
more attracted to internet entertainment, while older individuals
might prioritize health and physical activity (28, 43). Education
level can impact individuals’ cognition and behavior regarding
the relationship between internet usage and physical exercise (39).
Those with higher education levels may be more aware of the
negative health effects of internet usage, leading to more proactive
physical activity participation.

Building upon the aforementioned literature review and
theoretical analysis, this study proposes the following hypotheses:

H1: Internet usage has a negative effect on physical activity

participation among Chinese residents.

H2: Gender plays a moderating role in the relationship between

internet usage and physical activity participation among

Chinese residents.

H3: Age plays a moderating role in the impact of internet usage

on physical activity participation among Chinese residents.

H4: Education level plays a moderating role in the relationship

between internet usage and physical activity participation

among Chinese residents.

Methodology

The study utilizes data from the 2017 China General Social
Survey (CGSS2017), a comprehensive survey designed to capture
diverse social and demographic aspects of the Chinese population.
CGSS2017 aims to provide valuable insights into the social
dynamics, attitudes, and behaviors of Chinese residents. Multiple
linear regression models were employed, which is most suitable for
delving into the relationship between individuals’ internet usage
and their participation in physical activities. In constructing the
multiple regression models, we comprehensively consider various
factors such as the duration and frequency of internet usage,
as well as the frequency and duration of physical exercise, to
examine and validate the relationship between internet usage and
physical activities participation, thus confirming the H1 hypothesis.
Additionally, structural factors such as gender, education level, and
income are introduced as moderating variables to investigate their
potential moderating effects on the relationship between internet
usage and physical activity participation, validating the H2, H3, and
H4 hypotheses.

Specifically, we establish a series of regressionmodels where the
dependent variable is the physical activities participation behavior,
and the independent variables include internet usage duration,
internet usage frequency, as well as factors like gender, education
level, and income. Furthermore, in Model 2, an interaction term
of internet usage and gender is introduced; in Model 3, an
interaction term of internet usage and age is included; and inModel
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4, an interaction term of internet usage and education level is
incorporated. To control for potential confounding factors, control
variables such as gender, age, education level, income, urban/rural
residence, and health condition are introduced.

To ensure the robustness of the regression results, a variable
substitution model is employed for analysis. The exercise frequency
is categorized into five levels: daily, several times a week, several
times a month, several times a year, and never. A binary Probit
model is utilized for robustness test.

Data source and variable selection

The data utilized in this study originates from the 2017
China General Social Survey (CGSS2017). analyzed with Stata 17.0.
The 2017 CGSS survey employed a rigorous multistage stratified
random sampling method from 28 provinces, municipalities, and
autonomous regions across the country. Conducted from August
to November 2017, this survey aimed to collect and organize
information related to China’s societal basic conditions, structural
changes, and socio-economic development. It represents a large-
scale, interdisciplinary comprehensive research effort. CGSS2017
data is renowned for its comprehensive, authentic, and objective
characteristics. During the data collection process, apart from
effective sampling, sample selection and adjustments were carried
out through data organization and analysis to ensure data integrity.
In the sampling process, CGSS2017 established contact with
respondents through telephone communication, followed by on-
site visits and information collection. This study selected CGSS2017
data as its research focus, with an effective sample size of
12,264, including 5,788 male and 6,476 female participants. The
questionnaire survey encompassed individual basic information,
lifestyle, physical activities participation behaviors, and intentions.

Core explanatory variable: internet usage

The internet has become an integral part of life, profoundly
altering people’s lifestyles and work patterns, and it is also one of
the significant variables influencing physical activities participation.
This study begins with the variable of internet usage to reflect
the extent of residents’ internet usage in the form of a virtual
variable. With reference to similar studies categorizing media
types, traditional media such as newspapers, television, and radio
are referred to as conventional media, while the internet, mobile
phones, and computers are termed as online media due to
their characteristics in media information dissemination. Drawing
inspiration from the categorization of media types in similar
studies, this research measures internet media usage through the
question, “In the past year, how often have you used the internet
(including mobile phones)?” with response options ranging from
1 (“Never”) to 5 (“Always”), where higher values indicate more
frequent internet media usage. In this study, participants who
selected "Never" (coded as 1) indicated non-frequent internet use,
while those who selected any other option (ranging from 2 to 5)
were categorized as frequent internet users (coded as 0).

Explained variable: physical activities
participation

According to previous studies (44, 45), physical activity refers
to moderate to vigorous physical activity (MVPA) during a
typical week and in the previous week. In the context of this
study, physical activity is specifically defined as the frequency
of engaging in physical activity during leisure time over the
past year. In the CGSS2017 survey questionnaire, respondents
were asked about their frequency of participating in physical
exercise during leisure time over the past year (see CGSS2017
Questionnaire: A30-9). Response options ranged from 1 (“Every
day”) to 5 (“Never”). Regarding the quantification of physical
activity frequency (see CGSS2017 Questionnaire: A15a), residents
who engaged in physical activities for more than 30 min per month
and sweated were coded as 1, while those who did not meet this
criterion were coded as 0.

Control variables

In line with previous studies and the research hypotheses, this
study considers individual variables such as gender, age, education
level, income level, residence, social media usage, other internet
application usage, individual social connections, individual media
usage motives, social background, and personal characteristics as
possible factors that might influence the relationship.

The multiple regression models are constructed as follows in
Equations 1–4:

yi = β0+ β1interneti +
∑

control+ εi (1)

yi = β0+ β1interneti + β2internet_genderi +
∑

control+ εi (2)

yi = β0+ β1interneti + β3internet_agei +
∑

control+ εi (3)

yi = β0+ β1interneti + β4internet_edui +
∑

control+ εi (4)

Where i represents the i th sample, β0 is the intercept,
β1 is the coefficient for the core explanatory variable, which is
the internet usage time, β2 is the coefficient for the interaction
term between internet usage and gender in Model 2, β3 is the
coefficient for the interaction term between internet usage and age
in Model 3, β4 is the coefficient for the interaction term between
internet usage and education level in Model 4. The term “Control”
encompasses control variables such as gender, age, education level,
income, urban/rural residence, and health status. ε represents the
error term.

Results

Descriptive statistical analysis

Table 1 presents the descriptive statistics. The logarithmicmean
of weekly exercise time is 0.491, with a maximum value of 1
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TABLE 1 Descriptive statistics of variables (N = 12,264).

Variables Samples Mean SD Min. Max.

Physical activity
participation

12,264 0.491 0.500 0.000 1.000

Internet 12,264 0.270 0.444 0.000 1.000

Gender 12,264 0.472 0.499 0.000 1.000

Age 12,264 50.782 16.813 18.000 103.000

Edu 12,264 1.861 0.721 1.000 3.000

Income 12,264 11.161 2.006 1.946 16.118

Urban 12,264 0.645 0.478 0.000 1.000

Health 12,264 3.478 1.094 1.000 5.000

and a standard deviation of 0.5, which is greater than the mean,
indicating significant variation in the distribution of physical
exercise frequency within the study sample. The average internet
usage is 0.27 with a standard deviation of 0.444, substantially
exceeding the mean, suggesting considerable diversity in internet
usage frequency among the study participants. The logarithmic
mean of gender is 0.472, with males constituting 47.2% of the
research sample. The average age is 50.782, ranging from 18 to
103. The average educational level is 1.861, corresponding to a high
school education. The logarithmic mean of income is 11.161, with
a maximum value of 16.118. Urban residents account for 64.5% of
the sample. The average health level is 3.478, indicating the overall
health status of the participants in the study.

Correlation analysis

The relationships between variables were examined using the
Pearson correlation coefficient. The correlation analysis aimed to
assess the strength and direction of relationships between physical
exercise frequency (y) and other relevant variables, including
internet usage, age, education level (edu), household income, and
health level. Through correlation matrix analysis in Table 2, it was
found that the frequency of physical activity is positively correlated
with internet usage, educational level, household income, and
health level. All these correlations were statistically significant at
the 1% confidence level, suggesting a discernible positive trend in
these factors relative to physical exercise frequency during the study
period. In essence, there was a clear concurrent increase in these
factors and physical exercise frequency. Conversely, the correlation
between age and exercise frequency was not significantly evident,
indicating the absence of a pronounced positive or negative trend.
Most of the correlation coefficients among the control variables
were below 0.3, suggesting the absence of severe multicollinearity
issues between variables.

In the context of exercise frequency as shown in Table 2, the
correlation with age is negative (−0.114, p < 0.01), indicating
a significant downward trend where older individuals tend to
engage in physical activities less frequently. This observed negative
correlationmay be attributed to factors such as physical discomfort,
declining physical capabilities, or increased life pressures that
potentially lead older individuals to reduce their participation in
physical exercise.

Multiple regression analysis

As indicated in Table 3, this study established four regression
models to examine the impact of internet media usage on
residents’ participation in physical activities. In Model 1, we
investigated the influence of internet usage time (internet_i)
on residents’ participation in physical activities (yi). In Model
2, we introduced gender (internet_gender_i) as a moderating
variable to explore its potential impact on the relationship
between internet usage and physical activity. In Model 3, we
included age (internet_age_i) as another moderating variable to
investigate its potential influence on the relationship. In Model
4, we introduced educational level (internet_edu_i) as another
moderating variable to study whether education plays a role in
the relationship between internet usage and physical activity. By
constructing these regression models, we can comprehensively
study the relationship between internet usage and residents’
participation in physical activities from different perspectives, and
understand whether factors such as gender, age, and educational
level play a moderating role in this relationship. To ensure the
robustness of the results, this study also employed the variable
substitution model for analysis to validate the findings of the
aforementioned models.

In Model 1, we examined the impact of internet usage time
(internet_ i) on residents’ participation in physical activities (yi)
to test Hypothesis 1. Through a meticulous analysis of Model 1,
several findings have emerged:

Firstly, the regression coefficient of internet usage is −2.707,
significant at the 1% confidence level (p < 0.01). This indicates
that, an increase in internet usage frequency significantly reduces
the frequency of physical exercise. In other words, longer internet
usage time is associated with a decreased frequency of engaging
in physical activities. This result confirms Hypothesis 1, suggesting
that higher internet usage frequency is associated with a significant
decrease in the frequency of physical activities.

Secondly, regarding control variables, gender does not
significantly affect physical exercise, implying no significant
difference in physical activity between males and females. The
positive regression coefficient of age, significant at the 1%
confidence level, suggests that individuals of older age are more
likely to have a higher frequency of physical exercise when
other factors are held constant. The positive and significant
regression coefficient of educational level indicates that individuals
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TABLE 2 Correlation matrix of variables.

y Internet Gender Age Edu Income Urban Health

Physical
activity
participation

1.000

Internet 0.158∗∗∗ 1.000

Age −0.114∗∗∗ −0.463∗∗∗ 0.010 1.000

Edu 0.248∗∗∗ 0.456∗∗∗ 0.102∗∗∗ −0.458∗∗∗ 1.000

Income 0.113∗∗∗ 0.212∗∗∗ −0.022∗∗ −0.172∗∗∗ 0.286∗∗∗ 1.000

Health 0.174∗∗∗ 0.276∗∗∗ 0.059∗∗∗ −0.397∗∗∗ 0.334∗∗∗ 0.183∗∗∗ 0.184∗∗∗ 1.000

∗∗p < 0.05.
∗∗∗p < 0.01.

with higher education tend to engage in physical exercise
more frequently.

The regression coefficient for income level is positive and
statistically significant at the 1% level, indicating that an increase
in income significantly increases the frequency of physical exercise.
The regression coefficients for both urban and rural residents are
positive and statistically significant at the 1% level, with urban
residents exercising more frequently than rural residents under
similar conditions. Lastly, the positive and significant regression
coefficient of health status indicates that individuals with better
health are more likely to engage in physical exercise frequently
when other conditions are held constant.

In summary, the results of Model 1 support Hypothesis 1,
confirming a positive correlation between internet usage time
and participation in physical activities. Factors such as age,
educational level, income level, urban/rural status, and health
status play different roles in this relationship. Specifically, age,
educational level, and health status have significant effects on
physical exercise frequency.

In Model 2, we explored the impact of the interaction between
internet usage and gender on residents’ participation in physical
activities. The results show that the regression coefficient of the
interaction term is 0.044 (p < 0.01), statistically significant at
the 1% level. This implies that gender significantly moderates the
association between internet usage and physical activity frequency.
Therefore, Hypothesis 2 is also supported, indicating that gender
plays a significant moderating role in the relationship between
internet usage and physical activity.

In Model 3, we studied the influence of the interaction
between internet usage and age on residents’ participation in
physical activities. The regression analysis shows that the regression
coefficient of the interaction term is −0.572, significant at the
1% confidence level (p < 0.01). This suggests that there are
significant differences in the impact of internet usage on physical
exercise frequency across different age groups. Thus, Hypothesis 3
is confirmed, indicating that age plays a significant moderating role
in the relationship between internet usage and physical activity.

In Model 4, we examined the influence of the interaction
between internet usage and educational level on residents’
participation in physical activities. However, the results of the
regression analysis show that the regression coefficient of the
interaction term is 0.547, significant at the 1% confidence level (p
< 0.01). This indicates that different educational levels significantly

moderate the relationship between internet usage and physical
exercise frequency. Hence, Hypothesis 4 is supported, suggesting
that educational level not plays a significant moderating role in the
relationship between internet usage and physical activity.

In conclusion, the results of Model 2 that gender significantly
moderates the relationship between internet usage and physical
activity; the finding of Model 3 confirms that age plays a significant
moderating role the association between internet usage and
physical activity; and the outcomes of Model 4 indicated that
education level significantly moderates the relationship between
internet usage and physical activity.

Robustness test

In this section, we employed a variable substitution model to
validate the robustness of the previous results, as shown in Table 4.
Exercise time was measured by coding the frequency of physical
exercise, with nearly daily exercise coded as 1 and other frequencies
as 0, serving as the dependent variable in measuring physical
activity. Estimations were conducted using a binary Probit model.
The coefficients for the core explanatory variable, internet usage,
were negative and statistically significant, mirroring the baseline
regression results, indicating the empirical robustness of the earlier
findings. In Models 6–7, the significance of the interaction terms,
consistent with the previous data regression results in Table 3.
There was a slight variation in the significance of the educational
interaction term in Model 8, still consistent with the previous data
regression results in Table 3. Consequently, we can conclude that
Hypotheses 1, 2, 3, and 4 of this study have all been further verified.

Conclusion and discussion

Previous studies have investigated various factors related to
physical activity participation, such as social online network (46)
and social class (17). However, the specific relationship between
internet usage and physical activity in the Chinese context has not
been well understood. This study addresses this gap by utilizing
data from the 2017 China General Social Survey (CGSS) to examine
the impact of internet usage on the physical activity participation
of Chinese residents. Additionally, we analyze the role of different
individual characteristics in shaping this association.
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TABLE 3 Regression.

(1) (2) (3) (4)

H1 H2 H3 H4

Internet −2.707∗∗∗ −2.709∗∗∗ −3.088∗∗∗ −3.073∗∗∗

[0.035] [0.035] [0.037] [0.029]

Gender 0.045∗∗ 0.043∗∗ 0.040∗∗ 0.084∗∗∗

[0.018] [0.018] [0.018] [0.018]

Age −0.024∗∗∗ −0.024∗∗∗ −0.024∗∗∗ −0.024∗∗∗

[0.001] [0.001] [0.001] [0.001]

Edu 0.398∗∗∗ 0.403∗∗∗ 0.373∗∗∗ 0.349∗∗∗

[0.026] [0.027] [0.027] [0.028]

Internet_gender 0.044∗∗∗

[0.009]

Internet_age −0.572∗∗∗

[0.012]

Internet_edu 0.547∗∗∗

[0.010]

Income 0.019∗∗∗ 0.018∗∗∗ 0.014∗∗∗ 0.015∗∗∗

[0.005] [0.005] [0.005] [0.005]

Urban 0.159∗∗∗ 0.157∗∗∗ 0.161∗∗∗ 0.212∗∗∗

[0.028] [0.028] [0.028] [0.028]

Health 0.051∗∗∗ 0.052∗∗∗ 0.052∗∗∗ 0.064∗∗∗

[0.013] [0.013] [0.013] [0.013]

_cons 0.985∗∗∗ 0.972∗∗∗ 0.976∗∗∗ 0.840∗∗∗

[0.151] [0.151] [0.150] [0.147]

N 12,264 12,264 12,264 12,264

Standard errors in brackets.
∗∗p < 0.05.
∗∗∗p < 0.01.

Firstly, regarding the negative association between internet
usage and physical activity participation, this outcome may stem
from the role of the internet as an information acquisition and
social tool (47). With the proliferation of the internet, individuals
can more easily access knowledge about health and physical
exercise, enabling them to find suitable ways to engage in various
physical activities (48). Online social platforms also provide
opportunities and easily access for communication and sharing
of exercise experiences, thereby fostering interest in physical
activity. This observed negative correlation may be particularly
relevant to the characteristics of the study sample, which consists
predominantly of middle-aged and older adults (49). The validation
of this association suggests that the impact of internet usage
on the frequency of physical exercise is substantial within this
demographic group. Notably, older individuals, who may reduce
their dependence on the internet, allocate their leisure time
to engage in physical activities. This demographic nuance may
contribute to the observed negative relationship between internet
usage and physical exercise frequency.

TABLE 4 Robustness test.

(5) (6) (7) (8)

H1 H2 H3 H4

Internet −2.441∗∗∗ −2.438∗∗∗ −2.850∗∗∗ −2.922∗∗∗

[0.374] [0.378] [0.384] [0.322]

Gender 0.057∗∗∗ 0.056∗∗∗ 0.051∗∗ 0.090∗∗∗

[0.021] [0.021] [0.021] [0.020]

Age −0.013 −0.013 −0.016∗ −0.017∗

[0.009] [0.009] [0.009] [0.009]

Edu 0.402∗∗∗ 0.406∗∗∗ 0.380∗∗∗ 0.361∗∗∗

[0.018] [0.018] [0.020] [0.029]

Internet_gender 0.044∗∗∗

[0.010]

Internet_age −0.510∗∗∗

[0.086]

Internet_edu 0.509∗∗∗

[0.069]

Income 0.020∗∗∗ 0.020∗∗∗ 0.016∗∗∗ 0.016∗∗∗

[0.006] [0.006] [0.005] [0.005]

Urban 0.279∗∗∗ 0.278∗∗∗ 0.262∗∗∗ 0.285∗∗∗

[0.092] [0.092] [0.096] [0.100]

Health 0.089∗∗ 0.090∗∗∗ 0.084∗∗ 0.087∗∗

[0.035] [0.034] [0.036] [0.037]

_cons −0.279 −0.307 −0.074 0.083

[1.052] [1.053] [1.049] [1.079]

N 12,264 12,264 12,264 12,264

Standard errors in brackets.
∗p < 0.1.
∗∗p < 0.05.
∗∗∗p < 0.01.

Secondly, gender and educational level play a moderating role
in the relationship between internet usage and physical activity.
This may reflect that in the internet era, gender differences persist
in physical exercise, consistent with previous research findings
(50). Due to societal roles and expectations, males are more likely
to engage in physical exercise, while females may face certain
constraints. Despite the increase in female participation in physical
activities and the narrowing of the gender gap with changing
social norms and the prevalence of the internet, gender still
moderates the relationship between internet usage and physical
activity. Additionally, the impact of educational level on the
relationship may be attributed to the varying accessibility and
utilization of information through the internet based on different
educational backgrounds.

Finally, the moderating role of age in the relationship between
internet usage and physical activity may reflect the unique needs
of middle-aged and older adults in terms of physical activity. As
people age, their focus on health and the demand for physical
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activity gradually increase. With the help of the internet, middle-
aged and older adults can access more exercise advice and
guidance tailored to their age and health conditions, thus actively
participating in physical activities (51). This trend may further
enhance the moderating effect of age on the relationship between
internet usage and physical activity. For instance, they are more
likely to discover exercise routines from peers of the same age
on platforms such as TikTok or WeChat. Governments and
health organizations can leverage these findings to utilize internet
platforms for providing scientific knowledge, fitness guidance,
and social support related to physical exercise. Tailoring health
education for different age groups, genders, and educational
levels can enhance physical activities participation and overall
public health.

The conclusions of this study can be explained from the
perspective of the internet as a tool for information acquisition
and social interaction. Additionally, they reflect the shifting
social norms and the specific health needs of middle-aged
and older adults. However, the study has several limitations.
First, although the 2017 China General Social Survey (CGSS)
is the most comprehensive survey data available on physical
activities participation in China to date, factors such as the
emergence of the COVID-19 pandemic and the proposal
of national sports policies and guidelines in recent years
are bound to have an impact on residents’ physical activity
participation. The cross-sectional data used in this paper may
not capture long-term trends and causal relationships, limiting
the comprehensive understanding of the relationship between
internet usage and physical activity. Second, the omission
of other potential influencing factors such as cultural and
geographical differences might overlook important determinants.
Future research could employ longitudinal data and consider
more potential factors to provide a more accurate depiction of
the relationship between internet usage and physical activity.
Third, when conducting social surveys, CGSS could not include
residents’ participation motivation in physical activities. Future
research should focus on follow-up surveys on participation in
physical activities.

Based on the above discussions, this study provides the
following insights for promoting resident participation in physical
activities. First, China should increase the Internet access rate of
residents, popularize Internet use knowledge, and enable more
residents to join the Internet. At the same time, China should also
provide guidance on the use of the internet, allowing residents to
participate in physical activities on the premise of healthy internet
use. Second, the government and social organizations should
guide and encourage residents to have access to physical activities

and fitness related knowledge during the use of the internet.
Third, China should promote the combination of the Internet and
physical activities, and provide convenience for residents to use
the Internet to participate in physical activities. Lastly, the Chinese
government should formulate differentiated policies for different
groups based on age, gender and education differences, and create
conditions for different groups to use the Internet and participate
in physical activities.

Data availability statement

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

Author contributions

MJ: Writing – original draft, Writing – review & editing,
Conceptualization, Data curation, Formal analysis, Methodology,
Project administration, Resources, Software, Supervision. DD:
Conceptualization, Formal analysis, Investigation, Methodology,
Project administration, Writing – original draft, Writing – review
& editing. XY: Writing – review & editing, Writing – original draft,
Data curation, Funding acquisition, Methodology.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

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

Publisher’s note

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

References

1. Çetin M, Kökalan Ö. A multilevel analysis of the effects of indoor activities
on psychological wellbeing during COVID-19 pandemic. Anal Psicol. (2021) 37:500–
7. doi: 10.6018/analesps.446891

2. Griffioen N, Rooij M, Lichtwarck-Aschoff A, Granic I. A stimulated recall method
for the improved assessment of quantity and quality of social media use. J Med Internet
Res. (2019) 22:e15529. doi: 10.2196/preprints.15529

3. Huang C. Time spent on social network sites and psychological well-being: a
meta-analysis. Cyberpsychol Behav Soc Netw. (2017) 20:346–54. doi: 10.1089/cyber.201
6.0758

4. Kross E, Verduyn P, Sheppes G, Costello CK, Jonides J, Ybarra O. Social media
and well-being: pitfalls, progress, and next steps. Trends Cogn Sci. (2020) 25:55–
66. doi: 10.1016/j.tics.2020.10.005

Frontiers in PublicHealth 08 frontiersin.org55

https://doi.org/10.3389/fpubh.2024.1293698
https://doi.org/10.6018/analesps.446891
https://doi.org/10.2196/preprints.15529
https://doi.org/10.1089/cyber.2016.0758
https://doi.org/10.1016/j.tics.2020.10.005
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Ji et al. 10.3389/fpubh.2024.1293698

5. Verduyn P, Ybarra O, Résibois M, Jonides J, Kross E. Do social network sites
enhance or undermine subjective well-being? A critical review. Soc Issues Policy Rev.
(2017) 11:274–302. doi: 10.1111/sipr.12033

6. Dhir A. Online social media fatigue and psychological wellbeing—a study of
compulsive use, fear of missing out, fatigue, anxiety and depression. Int J Inf Manage.
(2018) 40:141–52. doi: 10.1016/j.ijinfomgt.2018.01.012

7. Eriksen I, Stefansen K. What are youth sports for? Youth sports
parenting in working-class communities. Sport Educ Soc. (2021) 27:592–
603. doi: 10.1080/13573322.2021.1894114

8. Burnell K, George MJ, Underwood M. Browsing different instagram
profiles and associations with psychological well-being. Front Hum Dyn. (2020)
2:585518. doi: 10.3389/fhumd.2020.585518

9. Vogel EA, Rose JP, Okdie BM, Eckles K, Franz B. Who compares and despairs?
The effect of social comparison orientation on social media use and its outcomes. Pers
Individ Dif. (2015) 86:249–56. doi: 10.1016/j.paid.2015.06.026

10. Mrazek J, Fialova L, Rossiyskaya N, Bykhovskaya I. Health and
physical activity in Central and Eastern Europe. Eur J Sport Soc. (2004)
1:145–60. doi: 10.1080/16138171.2004.11687755

11. Stuij M. Habitus and social class: a case study on socialisation into sports and
exercise. Sport Educ Soc. (2015) 20:780–98. doi: 10.1080/13573322.2013.827568

12. Sjödin D, Roman C. Family practices among Swedish parents:
extracurricular activities and social class. Eur Soc. (2018) 20:764–
84. doi: 10.1080/14616696.2018.1473622

13. Strandbu Å, Bakken A, Stefansen K. The continued importance of family
sport culture for sport participation during the teenage years. Sport Educ Soc. (2019)
25:931–45. doi: 10.1080/13573322.2019.1676221

14. Agergaard S. Religious culture as a barrier? A counter-narrative of Danish
Muslim girls’ participation in sports. Qual Res Sport Exerc Health. (2016) 8:213–
24. doi: 10.1080/2159676X.2015.1121914

15. Frison E, Eggermont S. Toward an integrated and differential approach to the
relationships between loneliness, different types of facebook use, and adolescents’
depressed mood. Communic Res. (2020) 47:701–28. doi: 10.1177/0093650215617506

16. National Physical Fitness Monitoring Center. Bulletin of the 2020 National
Fitness Activity Survey. (2022). Available online at: https://www.sport.gov.cn/n315/
n329/c24335053/content.html (accessed January 20, 2024).

17. Andersen PL, Bakken A. Social class differences in youths’ participation in
organized sports: what are the mechanisms? Int Rev Sociol Sport. (2019) 54:921–
37. doi: 10.1177/1012690218764626

18. Ferry M. School sports is the solution: what is the problem? Eur J Sport Soc.
(2014) 11:353–69. doi: 10.1080/16138171.2014.11687972

19. Lin S, Liu D, Liu W, Hui Q, Cortina K, You X. Mediating effects of self-concept
clarity on the relationship between passive social network sites use and subjective
well-being. Curr Psychol. (2018) 40:1348–55. doi: 10.1007/s12144-018-0066-6

20. Mroczek DK, Kolarz CM. The effect of age on positive and negative affect:
a developmental perspective on happiness. J Pers Soc Psychol. (1998) 75:1333–
49. doi: 10.1037//0022-3514.75.5.1333

21. China Internet Network Information Center. The 52nd Statistical Report on the
Development of China’s Internet. (2023). Available online at: https://www.cnnic.net.cn/
n4/2023/0828/c88-10829.html (accessed January 20, 2024).

22. Chhatwani M, Mishra S, Rai H. Active and passive social media
usage and depression among the elderly during COVID-19: does race
matter? Behav Inf Technol. (2022) 42:215–26. doi: 10.1080/0144929X.2022.20
45359

23. Wang J, Xie F, He L, Meadmore K, Paterson K, Benson V. Eye movements reveal
a similar positivity effect in Chinese and UK older adults. Q J Exp Psychol. (2020)
73:1921–9. doi: 10.1177/1747021820935861

24. Weiss D, Kunzmann U. Longitudinal changes in subjective social
status are linked to changes in positive and negative affect in midlife, but
not in later adulthood. Psychol Aging. (2020) 35:937–47. doi: 10.1037/pag00
00572

25. Tibber M, Zhao J, Butler S. The association between self-esteem and dimensions
and classes of cross-platform social media use in a sample of emerging adults—
evidence from regression and latent class analyses. Comput Hum Behav. (2020)
109:106371. doi: 10.1016/j.chb.2020.106371

26. Joseph JJ, Desjarlais M, Herceg L. Facebook depression or facebook
contentment. In: Management Association, Information Resources,
editors. Research Anthology on Mental Health Stigma, Education, and
Treatment. Hershey, PA: IGI Global (2019). doi: 10.4018/978-1-5225-4047-2.
ch007

27. Tromholt M. The facebook experiment: quitting facebook leads
to higher levels of well-being. Cyberpsychol Behav Soc Netw. (2016)
19:661–6. doi: 10.1089/cyber.2016.0259

28. Skauge M, Seippel Ø. Where do they all come from? Youth,
fitness gyms, sport clubs and social inequality. Sport Soc. (2020) 25:1506–
27. doi: 10.1080/17430437.2020.1840554

29. Vally Z, D’Souza C. Abstinence from social media use, subjective well-being,
stress, and loneliness. Perspect Psychiatr Care. (2019) 55:752–9. doi: 10.1111/ppc.12431

30. Lin XY, Lachman M. Associations between social media use, physical activity,
and emotional well-being from the midlife in the United States refresher daily diary
study. J Aging Phys Act. (2021) 30:778–87. doi: 10.1123/japa.2021-0267

31. Escobar-Viera CG, Shensa A, Bowman N, Sidani J, Knight JM, James A, et al.
Passive and active social media use and depressive symptoms among United States
adults. Cyberpsychol Behav Soc Netw. (2018) 21:437–43. doi: 10.1089/cyber.2017.0668

32. Wang J-L, Wang H-Z, Gaskin J, Hawk ST. The mediating roles of upward social
comparison and self-esteem and the moderating role of social comparison orientation
in the association between social networking site usage and subjective well-being. Front
Psychol. (2017) 8:771. doi: 10.3389/fpsyg.2017.00771

33. Weinstein A, LejoyeuxM. Internet addiction or excessive internet use.Am JDrug
Alcohol Abuse. (2010) 36:277–83. doi: 10.3109/00952990.2010.491880

34. Krasnova H, Widjaja T, Buxmann P, Wenninger H, Benbasat I. Research note—
why following friends can hurt you: an exploratory investigation of the effects of
envy on social networking sites among college-age users. Inf Syst Res. (2015) 26:585–
605. doi: 10.1287/isre.2015.0588

35. Sharifian N, Zahodne L. Social media bytes: daily associations between social
media use and everyday memory failures across the adult lifespan. J Gerontol B Psychol
Sci Soc Sci. (2020) 75:540–8. doi: 10.1093/geronb/gbz005

36. Vries DA, Möller AM, Wieringa MS, Eigenraam AW, Hamelink K. Social
comparison as the thief of joy: emotional consequences of viewing strangers’ instagram
posts.Media Psychol. (2018) 21:222–45. doi: 10.1080/15213269.2016.1267647

37. Duin DK, Golbeck AL, Keippel AE, Ciemins E, Hanson H, Neary T,
et al. Using gender-based analyses to understand physical inactivity among
women in Yellowstone County, Montana. Eval Program Plan.(2015) 51:45–52.
doi: 10.1016/j.evalprogplan.2014.12.006

38. Spence A, Beasley K, Gravenkemper H, Hoefler A, Ngo AD, Ortiz D, et al. Social
media use while listening to new material negatively affects short-term memory in
college students. Physiol Behav. (2020) 227:113172. doi: 10.1016/j.physbeh.2020.113172

39. Stefansen K, Smette I, Strandbu Å. Understanding the increase in
parents’ involvement in organized youth sports. Sport Educ Soc. (2018)
23:162–72. doi: 10.1080/13573322.2016.1150834

40. Griffioen N, Scholten H, Lichtwarck-Aschoff A, Rooij M, Granic I. Everyone
does it—Differently: a window into emerging adults’ smartphone use. Humanit Soc Sci
Commun. (2021) 8:1–11. doi: 10.1057/s41599-021-00863-1

41. Espedalen LE, Seippel Ø. Dropout and social inequality: young people’s
reasons for leaving organized sports. Ann Leisure Res. (2022) 27:197–214.
doi: 10.1080/11745398.2022.2070512

42. Goodyear VA, Armour KM, Wood H. Young people and their engagement
with health-related social media: new perspectives. Sport Educ Soc. (2019) 24:673–
88. doi: 10.1080/13573322.2017.1423464

43. Williams D. On and off the ’net: scales for social capital in an online era. J
Comput-Mediat Commun. (2006) 11:593–628. doi: 10.1111/j.1083-6101.2006.00029.x

44. Sabiston CM, Crocker PRE. Exploring self-perceptions and social influences as
correlates of adolescent leisure-time physical activity. J Sport Exerc Psychol. (2008)
30:3–22. doi: 10.1123/jsep.30.1.3

45. Prochaska JJ, Sallis JF, Long B. A physical activity screening measure for
use with adolescents in primary care. Arch Pediatr Adolesc Med. (2001) 155:554–
9. doi: 10.1001/archpedi.155.5.554

46. Braumüller B. Young adults’ perceptions of the relevance of interaction
on social online networks for sports activities. Eur J Sport Soc. (2020) 17:231–
49. doi: 10.1080/16138171.2020.1792072

47. He ZY. Poverty Reduction Effect of the Internet: Mechanism Analysis Based on
CFPS2016 data (in Chinese). World of Survey and Research (2019). p. 8–13.

48. Hurling R, Catt M, De Boni M, Fairley BW, Hurst TL, Murray P,
et al. Using internet and mobile phone technology to deliver an automated
physical activity program: randomized controlled trial. J Med Internet Res. (2007)
9. doi: 10.2196/jmir.9.2.e7

49. Mourão ZS, Melo A. Older adults, physical activity and the internet:
exploring their behaviors, beliefs and opinions. Int J Phys Educ. (2014) 51:18–
29. doi: 10.5771/2747-6073-2014-1-18

50. Downward P. Exploring the economic choice to participate in sport: results
from the 2002 general household survey. Int Rev Appl Econ. (2007) 21:633–
53. doi: 10.1080/02692170701474710

51. Zhong H, Xu H, Guo E, Li JY, Wang Z. Can internet use change sport
participation behavior among residents? Evidence from the 2017 Chinese General
Social Survey. Front Public Health. (2022) 10:837–911. doi: 10.3389/fpubh.2022.837911

Frontiers in PublicHealth 09 frontiersin.org56

https://doi.org/10.3389/fpubh.2024.1293698
https://doi.org/10.1111/sipr.12033
https://doi.org/10.1016/j.ijinfomgt.2018.01.012
https://doi.org/10.1080/13573322.2021.1894114
https://doi.org/10.3389/fhumd.2020.585518
https://doi.org/10.1016/j.paid.2015.06.026
https://doi.org/10.1080/16138171.2004.11687755
https://doi.org/10.1080/13573322.2013.827568
https://doi.org/10.1080/14616696.2018.1473622
https://doi.org/10.1080/13573322.2019.1676221
https://doi.org/10.1080/2159676X.2015.1121914
https://doi.org/10.1177/0093650215617506
https://www.sport.gov.cn/n315/n329/c24335053/content.html
https://www.sport.gov.cn/n315/n329/c24335053/content.html
https://doi.org/10.1177/1012690218764626
https://doi.org/10.1080/16138171.2014.11687972
https://doi.org/10.1007/s12144-018-0066-6
https://doi.org/10.1037//0022-3514.75.5.1333
https://www.cnnic.net.cn/n4/2023/0828/c88-10829.html
https://www.cnnic.net.cn/n4/2023/0828/c88-10829.html
https://doi.org/10.1080/0144929X.2022.2045359
https://doi.org/10.1177/1747021820935861
https://doi.org/10.1037/pag0000572
https://doi.org/10.1016/j.chb.2020.106371
https://doi.org/10.4018/978-1-5225-4047-2.ch007
https://doi.org/10.1089/cyber.2016.0259
https://doi.org/10.1080/17430437.2020.1840554
https://doi.org/10.1111/ppc.12431
https://doi.org/10.1123/japa.2021-0267
https://doi.org/10.1089/cyber.2017.0668
https://doi.org/10.3389/fpsyg.2017.00771
https://doi.org/10.3109/00952990.2010.491880
https://doi.org/10.1287/isre.2015.0588
https://doi.org/10.1093/geronb/gbz005
https://doi.org/10.1080/15213269.2016.1267647
https://doi.org/10.1016/j.evalprogplan.2014.12.006
https://doi.org/10.1016/j.physbeh.2020.113172
https://doi.org/10.1080/13573322.2016.1150834
https://doi.org/10.1057/s41599-021-00863-1
https://doi.org/10.1080/11745398.2022.2070512
https://doi.org/10.1080/13573322.2017.1423464
https://doi.org/10.1111/j.1083-6101.2006.00029.x
https://doi.org/10.1123/jsep.30.1.3
https://doi.org/10.1001/archpedi.155.5.554
https://doi.org/10.1080/16138171.2020.1792072
https://doi.org/10.2196/jmir.9.2.e7
https://doi.org/10.5771/2747-6073-2014-1-18
https://doi.org/10.1080/02692170701474710
https://doi.org/10.3389/fpubh.2022.837911
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Frontiers in Public Health 01 frontiersin.org

Effects of 8  weeks 
parent-accompanied swimming 
on physical capacity and 
intelligence in preschool children
Yichao Yu 1,2†, Lei Xia 3,4†, Huiping Yan 2,4* and Yifan Lu 2,4*
1 The School of Sports Coaching, Beijing Sports University, Beijing, China, 2 Laboratory of Sports Stress 
and Adaptation of General Administration of Sport, Beijing Sport University, Beijing, China, 3 Shenzhen 
School Affiliated to Sun Yat-sen University, Shenzhen, China, 4 The School of Sports Medicine and 
Rehabilitation, Beijing Sports University, Beijing, China

This study aimed to explore the potential effects of 8-week parents-
accompanied swimming on the physical capacity and intelligence of preschool 
children in China. Thirty-six boys (mean age 3.56  ±  0.27  years) were divided 
into three groups: the traditional physical exercise group (TP, n  =  12), the 
accompanied swimming group (AS, n  =  12) and the independent swimming 
group (IS, n  =  12). Participants’ physical capacity was assessed before and after 
the intervention using the following indicators: height, weight, distance of 
tennis ball throw, standing long jump distance, time for the 10-meter shuttle 
run, time for a two-legged continuous jump, sit-and-reach distance, and time 
on the walking balance beam. Intelligence was assessed at three points: pre-
test, mid-test after 4  weeks, and post-test. Data were analyzed using a two-
way repeated measures ANOVA, Bonferroni test (p  <  0.05) and effect size. The 
time of the AS and IS groups to walk the balance beam was significantly lower 
than the TP group, with a difference of 1.81  s (p  <  0.01, [95% CI −3.22 to −0.40], 
ES  =  1.53) and 1.25  s (p  <  0.05, [95% CI −2.66 to 0.16], ES  =  0.81). At the mid-test, 
the IQ scores of the TP group were lower than the AS group (p  <  0.05, [95% CI 
−12.45 to −0.96], ES  =  0.89). Additionally, at post-test, the IQ scores of the TP 
group were significantly lower than those of both AS (p  <  0.01, [95% CI −14.12 
to −2.74], ES  =  1.15) and IS groups (p  <  0.01, [95% CI −12.53 to −3.31], ES  =  1.21). 
Swimming enhances children’s balance and IQ scores more than traditional 
physical exercises. Involving parents in swimming leads to a more significant 
increase in IQ scores within 4  weeks of initial swimming exercise.

KEYWORDS

swimming, children health, physical capacity, intelligence, physical exercise

1 Introduction

Childhood development largely influences a person’s future development and 
determines the rate of growth and development during adolescence. It is vital in establishing 
human ethics and defining the concept of social progress (1). Regular physical exercise has 
been demonstrated to improve physical fitness and lower the disease risk within the 
population (2). Swimming is a popular physical exercise that improves the body’s aerobic 
capacity and is widely recognized for maintaining good health (3). Previous research has 
proven the benefits of swimming on children’s health. It demonstrates that swimming can 

OPEN ACCESS

EDITED BY

Marco Branco,  
Polytechnic Institute of Santarém, Portugal

REVIEWED BY

Adela Badau,  
Transilvania University of Brașov, Romania
Anabela Vitorino,  
Polytechnic Institute of Santarém, Portugal

*CORRESPONDENCE

Huiping Yan  
 yanhp000@126.com  

Yifan Lu  
 luyifan@bsu.edu.cn

†These authors have contributed equally to 
this work and share first authorship

RECEIVED 01 April 2024
ACCEPTED 20 May 2024
PUBLISHED 31 May 2024

CITATION

Yu Y, Xia L, Yan H and Lu Y (2024) Effects of 
8  weeks parent-accompanied swimming on 
physical capacity and intelligence in 
preschool children.
Front. Public Health 12:1410707.
doi: 10.3389/fpubh.2024.1410707

COPYRIGHT

© 2024 Yu, Xia, Yan and Lu. This is an 
open-access article distributed under the 
terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE Original Research
PUBLISHED 31 May 2024
DOI 10.3389/fpubh.2024.1410707

57

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2024.1410707&domain=pdf&date_stamp=2024-05-31
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1410707/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1410707/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1410707/full
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1410707/full
mailto:yanhp000@126.com
mailto:luyifan@bsu.edu.cn
https://doi.org/10.3389/fpubh.2024.1410707
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2024.1410707


Yu et al. 10.3389/fpubh.2024.1410707

Frontiers in Public Health 02 frontiersin.org

stimulate the existing reflexes in children and generate new 
neurological reflexes. Furthermore, it improves the speed of 
nervous system development. Swimming is an effective way to 
stimulate the development of bones, muscles, and other tissues. It 
enhances multi-sensory participation and improves the formation 
of future swimming skills, promoting the whole body and mind 
development of children, as well as enhancing immunity (4–8). 
Nevertheless, sub-standard water quality in children’s swimming 
can lead to rashes, asthma, and other health problems in them 
(9, 10).

Physical capacity is determined by both hereditary and 
acquired factors. Individuals show variations in physical traits 
under heredity, but these traits can also be fortified and developed 
through acquired physical activities. Experts commonly measure 
physical capacity using metrics such as cardiorespiratory 
endurance, muscular strength, and body composition (11). 
Previous studies have demonstrated that swimming effectively 
enhances the physical capacity of children. Duncan and colleagues 
(12) discovered that long-term swimming training caused 
modifications in children’s body morphology and function, 
particularly in their height growth. A study of Chinese children has 
demonstrated that swimming effectively improves boys’ aerobic 
and cardiorespiratory capacities (13). This finding has been 
corroborated by the results of other studies as well (14). Besides, 
further research has shown that swimming positively affects both 
the cardiorespiratory health and body composition of healthy 
children (15).

The intelligence quotient (IQ) is a commonly used cognitive 
ability evaluation. IQ is defined as the relatively stable psychological 
characteristics of an individual’s understanding of objective things, 
including a combination of perceptual observation, memory, 
imagination and thinking (1). Intelligence in the preschool years is a 
continuous developmental process, it can influence academic 
achievement, knowledge acquisition, and labor skill levels in young 
adulthood (16). Physical exercise improves children’s cognitive ability 
and IQ scores (17, 18). Borioni et al. (19) found significant benefits for 
children’s language skills after a swimming exercise; Nissim et al. (20) 
found significant improvements in arithmetic and logical reasoning 
in preschoolers after 6 months swimming exercise; other studies have 
also shown that learning to swim improves preschoolers’ intelligence 
scores and can help reduce the number of delinquent behaviors in 
children (21).

Developing good physical exercise habits is key to promoting 
young children’s growth and development. Nowadays, more and more 
children start learning to swim before learning to walk. Current 
swimming exercise methods for children can be categorized as the 
independent swimming and accompanied swimming. The main 
difference between these two types of workouts is whether or not the 
parents are involved in the swim workout. As mentioned earlier, there 
have been many studies exploring the effectiveness of swimming 
exercise. But the research on these two swimming exercise methods 
on children’s health was very limited, more empirical research data is 
needed to fill research gaps in this area.

Therefore, this study aimed to examine the impact of 8 weeks 
parent-accompanied swimming on the physical capacity and IQ 
scores of preschool children. We hypothesized that 8 weeks of parent-
accompanied swimming more effectively improve physical capacity 
and intelligence in preschool children.

2 Materials and methods

2.1 Subjects

This study recruited children between August 2021 and October 
2021 from three kindergartens in Xiqing District, Tianjin, China. For 
this study, participants comprised boys between 3 and 4 years old. All 
participants were in good health with no recent physical complaints. 
Based on the calculation of the required sample size according to 
G*Power (3.1.9.4; Germany), the F test and repeated measure 
ANOVA, main effects, and interaction effects were selected the 
prespecified effect size was chosen as 0.30, and the statistical test 
power 1-β was 0.8 and α was taken as 0.05, 30 healthy boys needed to 
be recruited to participate in the study.

To prevent subject attrition during the study, 36 healthy children 
were recruited. All children in the study completed the test without 
sample loss (Table 1). At kindergarten parent meetings, the test items, 
experimental protocols, and associated risks were explained to the 
parents by the researchers. Parents of all children signed informed 
consents form before participating in the study, clearly comprehended 
the risks associated with the intervention and volunteered to 
participate. The study adhered to the Declaration of Helsinki, and the 
Ethics Committee of Exercise Science at Beijing Sport University 
approved the study protocol (Grant no. 202008211).

2.2 Study design

Participants were randomized assigned into groups based on 
different physical exercise methods, including one control group: the 
traditional physical exercises group (TP, n = 12) and two experimental 
groups: the accompanied swimming group (AS, n = 12), the 
independent swimming group (IS, n = 12). The AS group’s children 
only participated in swimming exercises with their parents, while the 
IS group’s children only participated independently, these two groups 
received the same swimming exercise interventions. The TP group 
only participated in traditional physical exercises practiced in 
kindergarten. Each group of children was exposed to 50 min of 
physical training twice weekly for 8 weeks. The content of the 
swimming exercises was developed based on opinions from 
professional swimming teachers who specialized in training children. 
The exercises included floating, breathing, leg kicks, paddling and 
other essential swimming techniques. Table 2 illustrates the detailed 
teaching content and schedule followed for the swimming exercise. 
The training content for TP group was developed by physical 
education teachers and experts, which ensured the physical exercise 
volume of the children in all three groups were comparable (22). In 
order to ensure the accuracy and validity of the test, quality control 
measures were implemented for personnel involved in testing, 

TABLE 1 Basic information of subjects (n  =  36).

Indicators

Age (yrs) 3.56 ± 0.27

Height (cm) 106.73 ± 4.39

Weight (kg) 18.33 ± 1.45

BMI (Kg / m2) 16.16 ± 1.72
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teaching, data collection, and other related processes. All participants 
and teachers involved in the test were stabilized and trained, and the 
parents of the AS group underwent brief training before the start of 
the intervention on verbal guidance and precautions in effective 
teaching implementation.

The flow chart of this study as depicted in Figure  1. Physical 
capacity was tested before and after exercising. Physical capacity tests 
included height, weight, tennis ball throwing distance, standing long 
jump distance, 10-meter toss time, two-legged continuous jump time, 
seated forward bend distance, and walking balance beam time. The IQ 
were measured in three timepoints (pre, mid and post of intervention). 
The IQ scores were obtained using the Chinese version of Wechsler 
Young Children Scale of Intelligence (C-WYCSI) (23).

2.3 Test program

2.3.1 Physical capacity test
Physical capacity testing of the participants was conducted using 

the Chinese National Physical Fitness Standards for Childhood 
Component (24). The physical capacity test indicators include height, 
weight, tennis ball throwing distance, standing long jump distance, 
10-meter shuttle run time, two-legged continuous jump time, sit and 
reach distance, and walking balance beam time. The test content is 
shown in Table 3.

2.3.2 Intelligence quotient test
Subjects’ IQ scores were obtained using the C-WYCSI (23). The 

test was completed by two trained testers, one to coordinate the 
process and one to administer the test, during which the tester was 
required to accurately communicate and encourage the children to 
complete the test, but not to suggest or remind. Before the test, the 
subjects stayed in a relatively quiet environment, and the whole testing 
process was not interfered with by other factors. The testers asked 

questions individually, observed and recorded the subjects’ expressions 
and answers, and the IQ test was completed after all the questions had 
been answered. The specific content of the test is shown in Table 4.

The IQ test comprises four sections: a knowledge test (with a 
maximum score of 23), a picture vocabulary test (with a maximum 
score of 44), a picture filling test (with a maximum score of 25), and a 
wooden block pattern test (with a maximum score of 29). The marks 
for the knowledge test, picture vocabulary test, and picture filling test 
were rated on a scale of 1 for each correct answer and 0 for an incorrect 
response. The wooden block pattern test scores were based on time, 
marked on a scale of 0 to 4 according to how quickly the children 
solved it. Raw scores were converted to standard scores, following the 
instruction manual, after examination. IQ was calculated by weighing 
the scores of each subtest, following the instruction manual (normal 
mean = 100, SD = 15.0) (25).

2.4 Statistical analyses

All data were summarized and collated using Excel 2019 
software, and statistical analyses were performed using SPSS 26.0 
software (IBM Corp. Armonk, NY, United States). The Shapiro–
Wilk test was used to analyze the normal distribution of the data, 
and all data were presented as mean ± standard deviation (SD). A 
two-way repeated measures ANOVA was used to determine the 
effect of time and group on physical capacity indicators (height, 
weight, 10-meter dash, standing jump, tennis ball throw, two-legged 
continuous jump, seated forward bending and walking on the 
balance beam) and IQ test scores and a Bonferroni post-hoc 
corrections test was applied for two-by-two comparisons. The 
significance level was set at p < 0.05, and the high significance level 
was set at p < 0.01. ES values were evaluated according to the 
following criteria: 0 to 0.19 trivial, 0.20 to 0.59 small, 0.6 to 1.19 
moderate, 1.20 to 1.99 large, ≥2.00 very large.

TABLE 2 The specific teaching content and schedule of different groups.

Group Phase Content Time

AS

IS

Warm-up part

1.Children get into the water

2.Self-introduction

3.Warm-up

5-8 min

Basic part

1.Breathing movements and exercises

2.Leg movements and exercises

3.Arm movements and exercises

4.Practicing back float movement

35-40 min

Relaxation part

1.Course Summary

2.Relaxation

3.Out of water

3-5 min

TP

Warm-up part
1.Self-introduction

2.Warm-up
5-8 min

Basic part

1.Upper body movements and exercises

2.Trunk movements and exercises

3.Lower body movements and exercises

4.Group game

35-40 min

Relaxation part
1.Course summary

2.Simple stretching and relaxation
3-5 min

AS, accompanied swimming group; IS, independent swimming group; TP, traditional physical exercise group.
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3 Results

3.1 Results of the effect of swimming on 
the physical capacity

All data in each group obeyed a normal distribution by the Shapiro–
Wilk test (p > 0.05). A one-way ANOVA test found homogeneity among 
the three groups in Pre-test (p > 0.05). The results of the spherical test 
showed that p < 0.02, which did not meet the spherical test. The results 
were calibrated in one-way ANOVA “Greenhouse–Geisser.” The results 
of the calculation of the effect relationship are shown in Table 5.

As shown in Figure 2, Bonferroni post-hoc comparisons showed 
time spent walking the balance beam was significantly lower in the AS 
group than in the TP group by 1.81 s (p < 0.01, [95% CI −3.22 to 
−0.40], ES = 1.53); time spent walking the balance beam was 

significantly lower in the IS group than in the TP group by 1.25 s 
(p < 0.05, [95% CI −2.66 to 0.16], ES = 0.81). As shown in Table 6, all 
groups showed significantly better fitness test levels following the 
physical exercise intervention (p < 0.01).

3.2 Results of the effect of swimming 
exercise on IQ

All data in each group obeyed a normal distribution by the 
Shapiro–Wilk test (p > 0.05). The results of the spherical test showed 
that Machly W = 0.751, p = 0.02, which did not meet the spherical test. 
The results were calibrated in one-way ANOVA “Greenhouse–
Geisser.” A one-way ANOVA test found homogeneity among the three 
groups in Pre-test (p > 0.05).

FIGURE 1

Flow chart of this study. TP, traditional physical exercise group; AS, accompanied swimming group; IS, independent swimming group.
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The results of the two-factor repeated measures ANOVA 
showed a significant time * group interaction effect (F = 26.253, 
p < 0.001, η2 = 0.455), a significant time main effect (F = 252.580, 
p < 0.001, η2 = 0.800) and a significant group main effect (F = 4.626, 
p = 0.013, η2 = 0.128). As shown in Table  7, Bonferroni post-hoc 
comparisons revealed that the TP group had lower IQ scores than 
the AS group at the mid-test (p < 0.05, [95% CI −12.45 to −0.96], 
ES = 0.89), and the TP group had significantly lower IQ scores than 
both the AS group (p < 0.01, [95% CI −14.12 to −2.74], ES = 1.15) 
and the IS tour group (p < 0.01, [95% CI −12.53 to −3.31], ES = 1.21) 
at the post-test. Pre-test IQ scores were significantly lower than 
mid-test and post-test (p < 0.01) across all three groups, and 
mid-test IQ scores were also significantly lower than post-test 
(p < 0.01).

4 Discussion

Our main contribution in this study is to provide insights into the 
effects of 8 weeks of parent-accompanied swimming on the physical 
capacity and IQ scores of boys aged 3–4 years. This study showed that 
any form of exercise effectively improved the physical capacity of 
preschool boys. Swimming has a better effect on the intellectual level 
of preschool children than traditional land-based physical exercise.

Physical capacity is highly influenced by genetic factors and to some 
extent indicates the development of the preschool children’s bones, 
muscles, and internal organs. The results of this study demonstrated that 
physical exercise can promote growth in strength, flexibility, agility, 
coordination, and balance (24). We found that children’s tennis ball 
throw and standing long jump distance increased, which means their 

TABLE 3 Content of physical capacity test.

Test Content

Height and weight

The National Physical Fitness Monitoring Comprehensive Physical Assessment System (GMCS-IV Physical Fitness Test Instrument, Jianmin, 

Guangzhou, China) was used to measure height and weight. During the test, children were required to stand barefoot on the tester and their 

height and weight were measured in turn. Height was recorded in centimeters with two decimal places. Weight was recorded in kilograms 

with two decimal places.

10-meter shuttle run

A stopwatch (S141-Stopwatch, SEIKO, Tokyo, Japan) recorded the results of the 10-meter return run. The test was performed by a group of 

two people, children set off when they hear the signal from the tester. Starting from a standing position, with the children turning quickly to 

the target line by touching the return marker with their hand and any part of their body running across the finish line, the timing will 

be finished. The test was performed twice and the fastest performance was used for analysis. The record was made in seconds, and one 

decimal point was retained.

Standing long jump

Subjects stood with their feet naturally open, stood behind the starting line, not exceeding the starting line, pre-swing their hands back and 

forth, jumped to the furthest point with both hands and feet coordinated and forceful, and measured the straight distance between the two 

points. Tested twice using a standard meter tape and the best performance was used for analysis, recorded in centimeters and retain two 

decimal places.

Tennis ball throwing

The participant threw the ball with the feet open in front of and behind the head, holding it in one hand above the head and throwing it as far 

forward as possible. The valid score was the straight distance between the line of the throw and the point where the ball first lands. Tested 

twice using a standard meter tape and the best performance was used for analysis, recorded in meters and retain two decimal places.

Two-legged continuous jump

Placed 10 soft square packs in a straight line on a flat surface at 50 cm intervals, starting 20 cm from the first soft square pack and ending 

20 cm from the 10th soft square pack. The subject stood behind the starting line with both feet together and jumped with both feet at the 

same time after hearing the command “start,” and the timing ended when the child passed the finish line. The record was made in seconds, 

tested twice using a standard meter tape and the best performance was used for analysis. One decimal point was retained.

Sit and reach

Using the National Physical Fitness Monitoring Comprehensive Physical Assessment System (GMCS-IV Physical Fitness Test Instrument, 

Jianmin, Guangzhou, China) to measure sit and reach distance. The test was performed with the subject’s hands together, palms down and 

flat, knees straight, torso bent forward, and using the tips of the middle fingers of both hands to push the vernier smoothly forward. Tested 

twice and the best performance was used for analysis, recorded in centimeters and retain two decimal places.

Walking balance beam

The subject stood on the balance beam platform with arms held sideways. The timing started when the “start” was heard and ended when any 

of the subject’s toes exceeded the endpoint. The record was made in seconds, tested twice and the fastest performance was used for analysis. 

One decimal point was retained.

TABLE 4 Content of intelligence test.

Test classification Content

Knowledge test
knowledge about the child’s body, the concept of time, general knowledge of daily life, nature, personnel relations, and measurement 

relations.

Picture vocabulary test
The test material consists of four pictures in which the tester says a word and asks the child to point out one of the four pictures that fits 

the meaning of the word.

Picture filling test Children are asked to recognize the contents of the picture and to identify the missing parts of the picture.

Wooden block pattern test Children were asked to pose the same pattern as the samples in different samples for a specified period of time.
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muscular strength and coordination improved to some extent after the 
8-week exercise. Research has demonstrated that consistent, weekly 
physical exercise among children period can effectively increase their 
physical capacity levels and promote improvements in muscle strength 
and bone mass in the future (15). With approximately 800 times greater 

density than air, water can be used as a resistance medium to develop 
muscle strength in children without overloading their joints. For 
instance, a randomized controlled trial indicated that virtual treadmill 
training effectively enhanced school-age children’s gait, muscle strength, 
and gross motor function (26). To a certain extent, the 10-meter shuttle 
run time can reflect the oxygen transport ability of children’s blood at a 
younger age. Our findings indicate that physical exercise training 
efficiently enhances children’s running ability. Swimming has been 
shown to promote better cardiorespiratory fitness in children than other 
forms of exercise. For instance, Beggs et al. (27) found that swimming 
training had a meaningful effect on physical capacity, such as a mean 
increase in maximal oxygen uptake of 9.67 mL/kg/min. This is possibly 
due to increased hemodynamic gains caused by physical exercise. 
Lambrick et al. demonstrated that regular exercise increases oxygenated 
hemoglobin levels, which enhance executive function during exercise 
and, consequently, improve performance (28).

Our study found improvements in the time taken for two-legged 
continuous jumps and walking the balance beam, qualities that reflect 
balance and agility. Although direct evidence from studies in young 
children is limited, exercising may improve sensitivity and flexibility in 
adolescents (29). We also found that the time spent walking the balance 
beam was significantly lower in the swim training group than in the TP 
group. Similar result was obtained by Baccouch et al. in a randomized 
controlled trial of 36 preschool children aged 5–6 years, where 
swimming training was associated with better balance and motor skills 
than tennis training (30). Sigmundsson et al. (8) demonstrated that the 
benefits of learning to swim in preschool children facilitated the 

TABLE 5 The results of two-factor repeated measures ANOVA.

Indicators Time *group Time Group

Height (cm)

F 0.577 158.336 0.213

p 0.567 < 0.001 0.809

η2 0.034 0.828 0.013

Weight (kg)

F 3.901 271.128 0.053

p 0.030 < 0.001 0.948

η2 0.191 0.891 0.003

10-meter shuttle run time (s)

F 1.010 192.243 3.248

p 0.375 < 0.001 0.052

η2 0.058 0.853 0.164

Standing long jump (cm)

F 10.401 273.057 0.107

p < 0.001 < 0.001 0.899

η2 0.387 0.892 0.006

Tennis ball throwing distance (m)

F 13.419 362.580 0.158

p < 0.001 < 0.001 0.855

η2 0.449 0.917 0.009

Two-legged continuous jump time 

(s)

F 19.461 264.083 0.254

p < 0.001 < 0.001 0.777

η2 0.541 0.889 0.015

Sit and reach (cm)

F 37.021 684.748 0.240

p < 0.001 < 0.001 0.788

η2 0.692 0.954 0.014

Walking balance beam (s)

F 2.670 132.902 1.842

p 0.005 < 0.001 0.174

η2 0.273 0.801 0.100

FIGURE 2

Effect of swimming on the walking balance beam time.*indicates a 
significant difference compared to the pre-test within the same 
group (*p  <  0.05, **p  <  0.01). S indicates a significant difference 
compared to TP group within the same time ($p  <  0.05, $$p  <  0.01). 
TP, traditional physical exercise group; AS, accompanied swimming 
group; IS, independent swimming group.
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development of hand-eye coordination and stimulation of vestibular 
functions, which in turn led to an improvement in their balance. 
Aquatic training is now being utilized in the treatment of unwell 
children to enhance their neuromuscular functioning (31). The similar 
changes the children underwent during this study may have been linked 
to improved neuromuscular function. The enhanced muscle control of 
the children resulted in better balance. Swimming training involves 
children performing physical exercise in water that offer considerable 
resistance to motion. This type of resistance training enhanced the 
children’s explosive power and neuromuscular function (32). We also 
found it interesting that swimming with parental accompaniment can 
improve young children’s balance. Although it is challenging to identify 
comparable studies on preschoolers, a study conducted by Wilczyńska 
et al. yielded comparable outcomes in a cohort of child athletes. The 
results demonstrated that child athletes exhibited enhanced postural 
stability and balance when accompanied by coaches (33). Many factors 
can affect balancing capacity, such as taking medications, pain, fatigue, 
depression, anxiety, as well as auditory, visual and sensory stimuli and 
distractions. We  speculated that this change could be  related to 
psychological factors since parental accompaniment fosters a child’s 
well-being and, to some extent, stimulates an inclination toward 
learning the physical movements themselves (34). This phenomenon 
has been observed in children aged between five and seven in Finland, 

where family factors appear to significantly influence children’s ability 
to perceive movement (35). Numerous confounding factors must 
be considered to determine the direct impact on the physical capacity 
and motor performance metrics of young children. Further 
experimental research will be necessary to investigate this in the future.

Sufficient physical exercise during preschool guarantees that 
children’s brains are well-developed and helps their cognitive ability 
develop further (36). The C-WYCSI contains a standard assessment of a 
child’s verbal and operational IQ, quantifying the child’s cognitive ability 
level (25). This instrument has been utilized in various previous studies 
(37, 38). According to our findings, the IQ scores of children can 
be enhanced through any form of exercise, which also responded to an 
improvement in the subjects’ cognitive ability. Previous studies have 
indicated that physical exercise can influence brain function in the 
cognitive domain. For instance, Silva et al. (39) demonstrated enhanced 
cognitive flexibility in adolescents with ADHD before and after 
swimming training. A meta-analysis of children has identified a positive 
correlation between consistent physical exercise and cognitive ability 
development in children (40). Improvements in cognitive functioning 
play an important role in children’s ability to learn (41). Khawla et al. (42) 
concluded that 8 weeks of aerobic dance training improved executive 
functioning in children and that physical exercise is essential for children. 
It is widely believed that regular exercise can enhance the structure of the 

TABLE 6 Effect of swimming on the physical capacity.

Indicators Time TP (n  =  12) IS (n  =  12) AS (n =  12)

M  ±  SD M  ±  SD M  ±  SD

Height (cm)
Pre 105.99 ± 4.59 106.92 ± 4.96 107.29 ± 3.80

Post 107.84 ± 3.80** 108.83 ± 5.52** 108.86 ± 3.92**

Weight (kg)
Pre 18.29 ± 1.45 18.33 ± 1.78 18.39 ± 1.43

Post 19.89 ± 1.38** 19.45 ± 1.51** 19.55 ± 1.67**

10-meter shuttle run time (s)
Pre 8.65 ± 1.09 9.27 ± 1.42 9.36 ± 1.09

Post 7.90 ± 1.08** 8.20 ± 1.60** 8.64 ± 1.24**

Standing long jump (cm)
Pre 77.07 ± 6.86 75.33 ± 13.47 73.52 ± 13.07

Post 82.25 ± 6.22** 85.75 ± 12.84** 83.33 ± 13.14**

Tennis ball throwing distance (m)
Pre 3.33 ± 0.60 3.19 ± 0.56 3.20 ± 0.60

Post 3.87 ± 0.64** 4.15 ± 0.60** 4.28 ± 0.68**

Two-legged continuous jump time (s)
Pre 7.34 ± 1.72 8.46 ± 1.49 8.12 ± 2.09

Post 6.67 ± 1.52** 6.50 ± 1.20** 6.50 ± 1.83**

Sit and reach (cm)
Pre 7.53 ± 1.33 7.02 ± 2.06 7.28 ± 1.84

Post 8.44 ± 1.29** 8.86 ± 1.96** 9.47 ± 1.70**

*indicates a significant difference compared to the pre-test within the same group (*p < 0.05, **p < 0.01).
TP, traditional physical exercise group; AS, accompanied swimming group; IS, independent swimming group.

TABLE 7 Effect of swimming on the intelligence quotient (points).

Group Pre-test Mid-test Post-test

TP (n = 12) 104.08 ± 7.11 105.70 ± 7.58** 108.90 ± 6.68**##

IS (n = 12) 106.17 ± 5.69 108.30 ± 5.49** 113.82 ± 6.36**##$$

AS (n = 12) 104.83 ± 6.75 110.42 ± 7.68**$ 114.33 ± 7.90**##$$

*indicates a significant difference compared to the pre-test within the same group (*p < 0.05, **p < 0.01).
#indicates a significant difference compared to the mid-test within the same group (#p < 0.05, ##p < 0.01).
$indicates a significant difference compared to TP group within the same time ($p < 0.05, $$p < 0.01).
TP, traditional physical exercise group; AS, accompanied swimming group; IS, independent swimming group.
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human brain and promote better brain development. Additionally, it can 
prevent unnecessary loss of brain cells, leading to improved cognitive 
performance. Researchers have observed a similar trend in experimental 
animals (43). Moderate physical exercise enhances the expression and 
concentration of brain-derived neurotrophic factors in the hippocampus 
(44, 45), thereby improving cognitive performance levels. The results of 
our experiments suggest that planned and regular swimming training 
better stimulate the development of children’s nervous, muscular, and 
other motor systems when compared to ordinary forms of training. 
Borioni and colleagues discovered that 10 times swimming sessions were 
adequate to enhance infants’ motor and cognitive functioning, implying 
that swimming is an effective strategy for improving cognitive flexibility 
in children (19). Swimming, as an aerobic activity, is an effective method 
of improving the cardiorespiratory endurance of children. It is 
hypothesized that this enhanced physical capacity may benefit 
intellectual development, leading to a further increase in IQ levels, which 
has been documented as a specific “mediating effect” by Ram-Tsur et al. 
(20). This is supported by the results of existing studies. Buck et al. (46) 
confirmed that higher aerobic capacity is usually associated with higher 
performance on the Stroop task, reflecting a link between motor and 
cognitive functioning. Verret et al. also found that children with ADHD 
all scored significantly lower in motor skills, indirectly confirming this 
‘mediating effect’ (47). Definitely, it is also possible that the subjects’ 
familiarity with the testing process, as a result of the multiple testing 
sessions, subsequently enhanced the IQ test scores. The study found that 
swimming exercises with parental accompaniment for a four-week 
duration proved more effective in enhancing children’s cognitive abilities 
compared to independent swimming. For children to develop and 
comprehend their surroundings, they require parental support, and to 
facilitate cognitive growth, they necessitate continuous interaction with 
the environment, using parental figures as the point of departure. 
Research has indicated that physical interaction between children and 
their guardians in the water is efficacious in advancing brain and nervous 
system growth, thus boosting cognitive function (48). Furthermore, the 
behaviors and perceptions children acquire are often influenced by their 
unique experiences at individual, parental, and familial levels. In this 
regard, the swim-exercise model, which involves parental supervision, 
can effectively enhance young children’s motor learning and control (49).

Our study yielded some results on the effects of swimming exercise 
on children’s physical capacity and intelligence, but there are still some 
limitations. First, the study included only boys, neglecting gender 
differences. Previous evidence suggests that dichotomous results may 
differ between boys and girls due to differences in the gonadal axis (50), 
which needs to be further improved in the future; secondly, we neglected 
factors such as family background and parents’ literacy level, which 
need to be  further considered in the future; lastly, this study only 
collected indicators of physical training and IQ tests, which does not 
explain the changes of exercise stimulation on the physiological level for 
children. More physiological indicators such as maximum oxygen 
uptake, blood routine, EEG signals, etc. should be considered to collect 
in future studies. This will help us provide corresponding answers from 
the perspective of physiological mechanisms.

5 Conclusion

In this study, a twice-weekly physical exercise program over 
8 weeks was found to improve physical capacity and IQ scores in 

preschool children. Additionally, swimming was more beneficial 
for balance and IQ than traditional physical exercise. Finally, 
swimming with parents improved IQ more than swimming 
independently over 4 weeks. These findings suggest that the 
inclusion of swimming exercises in physical exercise regimes for 
younger children is crucial. Designing appropriate exercise 
programs for children can significantly enhance their physical 
capacity and cognitive abilities.
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There is evidence that promoting school physical activity (PSPA) benefits 
children and adolescents, but little is understood about how this promotion 
may relate to academic achievement and school climate across varying levels of 
socioeconomic status (SES). Hence, the study aimed to address this knowledge 
gap by examining two main objectives: (1) determining the association between 
PSPA and academic achievement and school climate according to schools’ SES 
and (2) exploring the potential mediating role of PSPA in the relationship between 
schools’ SES and academic achievement and school climate. This cross-
sectional study at the school level focused on 4,990 schools (including public, 
subsidized, and private schools) that participated in the National Educational 
Study 2018 (Chile), which was applied to primary schoolchildren (4th grade, aged 
8–10  years). Schools were divided into non-PSPA (n  =  4,280) and PSPA (n  =  710) 
during the year 2018. Changes in academic achievement from 2017 to 2018 and 
school climate were considered. PSPA was associated with improvements in 
maths (low-SES OR: 1.80, p  <  0.001) and reading (middle-SES OR: 1.45, p  =  0.029; 
low-SES OR: 1.47, p  <  0.001). The indirect effect (IE) showed that PSPA partially 
mediated the relationship between SES and academic achievement in reading 
(IE  =  1.017; SE  =  0.12; 95%CI, −1.27, −0.77), maths (IE  =  –1.019; SE  =  0.12; 95%CI, 
−1.25, −0.78), and school climate (IE  =  –0.46; SE  =  0.52; 95%CI, −0.56, −0.35). 
In conclusion, PSPA was linked to positive changes in academic achievement, 
especially among low SES, and PSPA presented a potential mediating role in the 
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relationship between SES of schools and academic achievement and school 
climate.

KEYWORDS

physical activity, academic performance, socioeconomic status, school climate, 
children

1 Introduction

1.1 Socioeconomic status

Low socioeconomic status (SES) has been associated with poor 
academic achievement in different countries around the world, 
particularly in developing countries (1, 2). In schools where high SES 
predominates among the student cohort, children typically report 
superior levels of academic achievement compared to children 
attending schools where low SES predominates (2, 3). Such findings 
are concerning because they reveal significant structural social 
differences and segregation and also highlight the severe challenges 
that educational institutions face in overcoming patterns of 
reproduction and providing increased opportunities for citizens to 
become upwardly mobile.

Chile is relevant in this sense because it has among the highest 
levels of economic and social inequalities in the world (4). Although 
it has experienced significant economic growth in the past decades, 
inequalities in accessing a quality education among all sectors of the 
population have not been overcome (5). Additionally, Chile has one 
of the highest Gini coefficients among Organization for Economic 
Co-operation and Development (OECD) countries (6) and it is well 
established that the Chilean national educational system is highly 
segregated (7). In this respect, SES segregation is a central problem for 
the country’s educational system. Specifically, there is a significant 
contrast in the results attained by students at private and public 
schools, a situation that has been strongly criticized, as it can 
perpetuate the existing educational, economic, and social gap (8). In 
fact, previous data regarding Chilean students indicate that family 
income is a strong predictor of academic achievement (9). 
Furthermore, students who come from families with higher poverty 
rates mostly attend public schools, whose students generally perform 
more poorly in the main national tests than their counterparts at 
private schools with superior SES (10). Therefore, in order to achieve 
social progress, it is necessary to find strategies aimed at closing this 
gap between private and public schools.

1.2 School climate

Similarly, in the Chilean context, it has been shown that school 
climate has a direct relationship with the prevailing SES: schools 
whose students are primarily of low SES tend to have an unhealthy 
school climate (3), which affects social and emotional interactions and 
social relationships of school children with their teachers (11), thereby 
exerting a direct impact on their academic achievement (12). In other 
words, a healthy school climate can promote and facilitate learning 
among schoolchildren.

Accordingly, a school climate built on reciprocity—including the 
existence of a respectful atmosphere and supportive relationships 
among all stakeholders—can enable students to develop socially, 
emotionally, and academically as well as improve their predisposition 
to learn (12). Therefore, educational policies must approach the 
relationship between poverty, school climate, and 
academic achievement.

Existing evidence (13–16) suggests that improvements in the 
climate of a school can disrupt the negative link between low SES and 
poor academic achievement in various contexts, rendering it a key 
factor in promoting equal educational opportunities, which should 
be understood as a duty of all school community members, not only 
students, in order to promote high socio-normative expectations in 
schools. A recent study conducted with Chilean students indicated 
that a positive classroom climate compensates for the negative effects 
of low SES on SIMCE scores, i.e., maths tests (17). Moreover, a 
systematic review (18) focusing on school climate and children’s 
academic and psychological wellbeing highlighted the importance of 
a positive relationship between these variables in order to ensure 
effective learning, especially in impoverished contexts, where 
improving relationships between students and other school members 
can have a significant impact on academic achievement. In addition, 
school climate can not only benefit academic performance but has also 
been linked with socio-emotional health among schoolchildren (19). 
Another study reported that improvements in school climate can 
increase students’ academic opportunities, especially in schools with 
large proportions of low-SES families (13).

1.3 Promoting school physical activity

Physical activity (PA) may have a beneficial impact on academic 
achievement as well as on school climate; in concrete terms, different 
studies have reported that PA patterns have a positive effect on 
academic achievement, cognitive development, and school climate 
(20, 21). Moreover, existing evidence suggests that higher levels of PA, 
especially in physical education (PE) classes, produce a better school 
climate in addition to enabling students to perform better 
academically, particularly in skills related to maths and reading (22). 
In addition, there is strong evidence of a positive link between PA and 
academic achievement (23). In this context, another study focused on 
the historical perspective of 125 published articles, indicating that PA 
had a positive effect on the academic achievement of schoolchildren 
(24). Furthermore, an umbrella review and meta-analysis study 
showed that regular PA had a medium positive effect on academic 
achievement, suggesting that PA can boost the academic achievement 
of children and adolescents (25). Accordingly, another study found 
that meeting PA recommendations was positively linked with better 
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academic achievement (26). Other evidence (27–29) suggests that 
engaging in physical activity during school age has a positive impact 
on children’s physical, cognitive, academic, social, emotional, and 
motor development. Indeed, PA has proved to be a positive instrument 
for developing interpersonal relationships, fostering social inclusion 
processes, improving self-esteem and self-confidence, promoting 
social and emotional skills, and encouraging healthy lifestyles; hence, 
physical activity can help build a better school climate and improve 
learning processes. Similarly, a meta-analysis reported that PA 
interventions could constitute a promising strategy for improving 
cognitive outcomes and language skills (30).

In Chile, the results from Chile’s 2018 Report Card on Physical 
Activity for Children and Youth indicated that 20.2% of children 
and adolescents meet the PA guidelines. Specifically, 27.4% of 
children aged 9–11 years old and 18.9% of adolescents meet the PA 
guidelines (31). In this sense, the World Health Organization has 
proposed promoting physical activity through schools (32). Based 
on previously reported findings, interventions that promote school 
physical activity (PSPA) have been applied in the classroom to 
understand the immediate effect of PA on academic performance, 
obtaining positive results (33). For instance, a systematic review 
reported that PA interventions can have positive effects on students’ 
performance in maths tests (34). Similarly, PSPA through the 
academic curriculum has been well received and successful in 
improving academic achievement (35). In the Chilean educational 
system, for example, PSPA through sports and recreational 
programs in order to stimulate an active and healthy lifestyle (i.e., 
schools take greater responsibility for PSPA) has been linked to 
better academic achievement (3). In fact, existing evidence suggests 
that increasing the amount of time dedicated to physical education 
classes may help boost academic achievement (36). It has also been 
shown that PSPA can be beneficial in promoting the functionary 
and cognitive process development of the brain among school-age 
children (37).

According to our knowledge, the evidence has reported different 
benefits of developing PA, but there is a scarcity of studies involving 
schools of different SES promoting PA and how it could play some role 
in the academic and non-academic achievement of schoolchildren. 
Due to the importance of learning and a good school climate, this 
study aimed to address this knowledge gap by examining two main 
objectives: (1) determining the association between PSPA and 
academic achievement and school climate according to schools’ SES 
and (2) exploring the potential mediating role of PSPA in the 
relationship between SES of schools and academic achievement and 
school climate. The present study hypothesizes that PSPA is positively 
associated with academic achievement and school climate and 
presents a mediating role in the established relationship between SES 
of schools and academic achievement and school climate.

2 Materials and methods

2.1 Participants

This cross-sectional study at the school level focused on 4,990 
schools (including public, subsidized, and private schools) that 
participated in the National Educational Study 2018 (Chile), 
which was applied to primary schoolchildren (4th grade, aged 

8–10 years). The data from the year 2017 only considered 
academic achievement to determine delta changes (2017 vs. 2018 
scores in reading and maths) during the year 2018, whereas the 
data from 2018 additionally considered the percentage of students 
for each school according to the achievement of academic 
standards (% insufficient, elemental or adequate) and school 
climate. PSPA was obtained in 2018 to classify the schools as either 
PSPA or non-PSPA. A total of 215,210 schoolchildren took the test 
in reading and 215,999 took the test in maths (reference value year 
2018 data). The research team agreed to the ethical commitments 
of the Chilean state to protect the identities of schools and 
students and undertook to use the data solely for 
scientific purposes.

2.2 Selection of educational establishments

In the first step, the databases of the Agency of Quality Education 
(2018) of the Chilean Ministry of Education were reviewed by the 
research team, where 7,414 schools were detected according to the 
national codes register (RBD code); each school in Chile has a 
national register code. Subsequently, it was checked that they had 
their academic indicators of reading and mathematics, based on 
which 653 schools were excluded (n = 6,761). In the next step, the 
non-academic indicators of PSPA of schools and school climate were 
incorporated. Finally, 1,771 schools that did not present the 
academic standards in reading and mathematics were excluded 
(n = 4,990 final sample).

2.3 Measures

All the data used in this study were officially requested and 
obtained from the Agency of Quality Education, Ministry of 
Education in Chile. This state department formally granted all the 
necessary permits for the research team to use the data for research 
purposes and subsequent publication. The Ministry of Education 
applies standardized tests in all the schools of the country with the 
objective of assessing academic (reading and maths) and 
non-academic (PSPA and school climate) achievement. The averages 
of each school in this regard are reported by the Agency of Quality 
Education in its database and were used for this research.

2.3.1 Academic achievement
Academic achievement was measured using scores in reading and 

maths of each school (which constitute part of the National 
Educational Study). The content of these tests is designed by 
government specialists and their use is confidential; in addition, all 
tests are multiple choice. In this research, each child’s academic scores 
in 2018 were considered in order to obtain each school’s average; these 
averages were then compared with those of the preceding year (2017) 
to determine the delta changes (∆ 2017 vs. 2018).

Moreover, the same test (2018) reported the academic standards 
describing what a student should know and be able to know based on 
the national school curriculum at the time. In Chile, academic 
standards are developed based on the current national school 
curriculum and are associated with the instrument by which their 
compliance is evaluated. The standards are classified as follows:
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 I Insufficient learning standard: students who are classified at this 
level fail to demonstrate consistently that they have acquired 
the most elementary knowledge and skills stipulated in the 
curriculum for the period evaluated.

 II Elementary learning standard: students who reach this level of 
learning have partially achieved what is required in 
the curriculum.

 III Adequate learning standard: students who reach this level of 
learning have achieved what is required in the curriculum in a 
satisfactory manner. This implies demonstrating that they have 
acquired the basic knowledge and skills stipulated in the 
curriculum for the evaluated period.

2.3.2 Non-academic evaluation
Non-academic achievements of schools were self-reported by 

students, parents, teachers, and head teachers during the year 2018 
(38). The content of these tests and questionnaires is designed by 
government specialists, and their use is confidential. Different 
indicators, such as PSPA and school climate, use some reference tests 
and are adapted by the Agency of Education Quality in Chile. 
Indicator scores are expressed on a scale from 0 to 100; each student 
is assigned a score based on their responses to indicator-related 
questionnaire questions. The scores of all students in a given grade 
who answer the questionnaire are averaged, and a score is assigned to 
their school.

2.3.3 Promoting school physical activity
This outcome was used to evaluate the perception of 

schoolchildren and the Agency of Education Quality information 
according to the degree to which the school PSPA, health activities, 
and an active lifestyle. Moreover, self-declared attitudes and behaviors 
related to an active lifestyle and their perceptions of the PSPA of 
school in the school space considering sports, recreation, PA (different 
types), dance, and all kinds of programs or activities that promote PA 
and a healthy lifestyle. A previous national investigation in Chile 
reported good indicators of PSPA, with values greater than 70 points 
(3). The PSPA index was calculated according to the aforementioned 
study, which involved diverse sources (3). The PSPA index contains 
information from the California Healthy Kids Survey, the results of 
the Physical Education National Study (Chile) (39), and the 
administrative records of the Agency of Education Quality (38). Its 
scores range between 0 and 100 points; a score > 70 points is classified 
as PSPA (i.e., schools present greater responsibility for PSPA), whereas 
a score ≤ 70 points is classified as non-PSPA (3) (i.e., schools no 
present responsibility for PSPA).

2.3.4 School climate
School climate was evaluated using the perceptions of students, 

teachers, and parents through interviews, focus groups, and self-reported 
surveys. These were designed to explore stakeholders’ perceptions and 
attitudes in three sub-dimensions: (a) respectful school climate; (b) 
organized environment; and (c) safe school environment. The 
questionnaires mentioned by the Agency of Education Quality in Chile 
are the following. (i) The School Climate Survey (40) is used to evaluate 
school climate, with the objective (referring to school coexistence) of 
inquiring into interpersonal treatment and security in an establishment, 
with special emphasis placed on bullying. (ii) The Comprehensive 

School Climate Inventory is used to provide information on how 
students, parents, teachers, and other members of the educational 
community perceive the school climate of their establishment. (iii) The 
Survey on School Coexistence for Students is an instrument that is only 
used in Chile and was originally created by the Citizen Peace Foundation 
in 2005. It consists of a questionnaire that evaluates students’ perceptions 
of situations of violence within the school.

2.3.5 Socioeconomic status (SES)
School SES was determined through an integrative score 

calculated by the Ministry of Education which includes the 
following: (i) the educational level of a student’s mother and father; 
(ii) the total monthly income of the household; and (iii) the school 
vulnerability index (SVI). The SVI is an indicator that measures 
students’ vulnerability considering the school dropout risk and a 
complex socioeconomic evaluation of students and families. 
Through its use, an average value per establishment is obtained, 
falling into one of five categories (low, middle–low, middle, middle–
high, and high SES). For the present study, three SES groups were 
computed: (A) low SES (comprising low- and middle–low SES); (B) 
middle SES (including middle SES); and (C) high SES (including 
middle–high and high SES).

2.4 Statistical analysis

The data are presented as mean and the standard deviation 
(SD). Normality and homoscedasticity assumptions for all the data 
were analyzed using the Kolmogorov–Smirnov test and the Levene 
test, respectively. Analysis of covariance (ANCOVA) was used to 
identify differences between groups (PSPA vs. non-PSPA) in order 
to compare differences among schools according to SES (as 
references and informative values), while the Bonferroni post-hoc 
test was applied to test differences among groups, as co-variables 
were considered school dependence and SES. Delta (∆) changes 
were estimated to compare academic achievement (2017 vs. 2018) 
according to PSPA and non-PSPA in different SES, with multivariate 
analysis with Šidák’s post-hoc test used for multiple comparisons 
and eta partial squared for interaction (Time [Year] x Group [Non-
PSPA/PSPA], by different SES was assessed by η2 obtained with 
small (η2 = 0.01), medium (η2 = 0.06), and large (η2 = 0.14). A logistic 
regression was used to determine the association between changes 
in academic achievement (2017 vs. 2018) and PSPA. Overall, the 
alpha level was set at p < 0.05 for statistical significance.

Regression analyses were performed to verify the effect of the 
mediating variables PSPA (M), considering SES as the independent 
variable (X) and academic achievement and school climate as the 
dependent variables (Y). Within the analysis, the total effect (c), 
direct effect (c`), and indirect effect (a*b, IE) were calculated for the 
samples as well as the 95% confidence interval (CI) using the 
macro/interface PROCESS v. 3.3 for SPSS v. 23 and the 
bootstrapping method with a resampling rate of 5,000 (41). The 
indirect effect was considered significant if 0 was outside the 95% 
confidence interval. The percentage of mediation was estimated as 
a proportion between the direct and the total effect 1- (c´/c). All the 
statistical analyses were performed with SPSS statistical software 
version 23.0 (SPSS™ Inc., Chicago, IL). The alpha level was set at 
p < 0.05 for statistical significance.
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3 Results

Table  1 shows the comparison of academic achievement, 
standard, and school climate according to PSPA and non-PSPA (the 
comparison of SES is presented as reference values). According to 
the delta changes in reading (non-PSPA: 1.90 ± 19.020 vs. PSPA: 
6.50 ± 21.21 score, p < 0.001) and maths (non-PSPA: −1.66 ± 17.64 
vs. PSPA: 3.34 ± 20.05 score, p < 0.001), schools that PSPA reported 
better results than those that did not. Indeed, the former reported 
a lower percentage of students reaching an insufficient academic 
standard in reading (non-PSPA: 33.06 ± 17.50 vs. PSPA: 
25.55 ± 15.76%, p < 0.001) and maths (non-PSPA: 42.06 ± 21.55 vs. 
PSPA: 33.83 ± 20.71%, p < 0.001). The schools PSPA also reported 

better school climate (non-PSPA: 74.30 ± 5.01 vs. PSPA: 80.33 ± 4.67, 
p < 0.001) than the latter.

Figure  1 shows the comparison of changes in academic 
achievement during the year 2018 (in comparison with 2017) 
according to PSPA in each school by SES. Low-SES schools reported 
larger differences in reading (non-PSPA, ∆: 1.40 ± 21.45 vs. PSPA ∆: 
7.02 ± 23.18, p = 0.001) (Figure  1C) and maths (non-PSPA ∆: 
−2.15 ± 20.04 vs. PSPA ∆: 5.19 ± 22.06, p = 0.001) (Figure 1C). Among 
middle-SES schools, PSPA schools reported better results than 
non-PSPA schools in reading (non-PSPA ∆: 3.13 ± 16.88 vs. PSPA ∆: 
7.16 ± 20.24, p = 0.005). Among high-SES schools, PSPA schools 
reported larger changes in reading (non-PSPA ∆: 1.30 ± 14.57 vs. 
PSPA ∆: 4.13 ± 15.35, p = 0.038) (Figure 1C).

TABLE 1 Characteristics of the chilean schools and comparison according to promoting physical activity and socioeconomic status of schools in the 
year 2018.

Promoting physical activity Socioeconomic status (additional 
reference data)

Total
(n  =  4,990)

Non-
promoting 

PA
(n  =  4,280)

Promoting 
PA

(n  =  710)

p-value Low SES
(n  =  2,605)

A

Middle SES 
(n  =  1,444)

B

High SES
(n  =  941)

C

p-value

Academic achievement in reading Academic achievement in reading

Reading 2017 

(score)
264.34 ± 24.67 263.56 ± 24.45 269.07 ± 25.49 p < 0.001 253.87 ± 21.89B, C 266.35 ± 19.34 290.25 ± 18.59 p < 0.001

Reading 2018 

(score)
266.89 ± 23.51 265.46 ± 23.36 275.57 ± 22.59 p < 0.001 256.14 ± 20.54B, C 269.95 ± 18.05C 291.96 ± 17.37 p < 0.001

∆ 2.55 ± 19.41 1.90 ± 19.020 6.50 ± 21.21 p < 0.001 2.28 ± 21.82B 3.60 ± 17.34C 1.71 ± 14.71a,b p = 0.029

% Schoolchildren in different academic standards 2018 % Schoolchildren in different academic standards 2018

Insufficient 

(% mean)
31.99 ± 17.46 33.06 ± 17.50 25.55 ± 15.76 p < 0.001 39.48 ± 16.84B, C 29.09 ± 13.75C 15.72 ± 10.42 p < 0.001

Elemental  

(% mean)
26.60 ± 9.17 26.54 ± 9.04 26.98 ± 9.92 p = 0.405 27.50 ± 9.82C 27.41 ± 8.00C 22.86 ± 7.99 p < 0.001

Adequate  

(% mean)
41.41 ± 18.40 40.40 ± 18.11 47.48 ± 18.95 p < 0.001 33.02 ± 15.47B, C 43.50 ± 14.53C 61.41 ± 14.38 p < 0.001

Academic achievement in math Academic achievement in math

Math 2017 

(score)
255.92 ± 25.56 255.22 ± 25.42 260.17 ± 25.99 p < 0.001 245.33 ± 2.02B, C 57.87 ± 20.68C 282.27 ± 21.32 p < 0.001

Math 2018 

(score)
254.97 ± 25.66 253.56 ± 25.47 263.52 ± 25.10 p < 0.001 244.32 ± 22.25B, C 257.02 ± 20.34C 281.32 ± 21.70 p < 0.001

∆ −0.95 ± 18.08 −1.66 ± 17.64 3.34 ± 20.05 p < 0.001 −1.01 ± 20.54B, C −0.86 ± 15.84 −0.95 ± 13.48 p = 0.185

% Schoolchildren in different academic standards 2018 % Schoolchildren in different academic standards 2018

Insufficient 

(% mean)
40.89 ± 21.62 42.06 ± 21.55 33.83 ± 20.71 p < 0.001 49.74 ± 20.06B, C 38.55 ± 17.59C 20.07 ± 15.26 p < 0.001

Elemental  

(% mean)
37.87 ± 11.92 37.53 ± 11.81 39.92 ± 12.38 p = 0.343 35.63 ± 12.80B, C 40.50 ± 9.80 40.03 ± 11.13 p < 0.001

Adequate  

(% mean)
21.24 ± 17.75 20.41 ± 17.31 26.25 ± 19.50 p < 0.001 14.64 ± 13.07B, C 20.96 ± 14.37C 39.90 ± 20.29 p < 0.001

Non-academic achievement Non-academic achievement

School 

climate 

(score)

75.16 ± 5.39 74.30 ± 5.01 80.33 ± 4.67 p < 0.001 74.31 ± 5.79B, C 75.58 ± 5.05C 76.87 ± 4.11 p = 0.001

The values shown are presented as mean ± SD; p-value < 0.05 is considered statistically significant adjusted by school dependence and SES in PSPA and adjusted by school dependence in SES 
comparison. SES = socioeconomic status. A, B, or C in the super index reported differences with this group. A = Low-SES, B = middle-SES, C = high-SES.
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PSPA showed a positive association with improvements in maths 
in low-SES schools (OR; 1.80, 95%CI; 1.45–2.23, p < 0.001). It was also 
linked to improvements in reading in middle SES (OR; 1.45, 95%CI; 
1.03–2.02, p = 0.029) and low-SES schools (OR; 1.47, 95%CI; 1.18–
1.83, p < 0.001) (Figure 2).

The mediation analysis results are shown in Figure 3 for the total 
sample (n = 4,990 schools). PSPA emerged as a mediating variable in 
the relationship between SES and academic achievement and school 
climate. In the first regression step (a), SES was inversely related to 
PSPA (p < 0.001). In the second step (c), the regression coefficient of 
SES in academic achievement was also significant (p < 0.001). In the 
third step, the potential mediator PSPA was positively related to the 
dependent variable (b) (p < 0.001), but when both SES and PSPA were 

included in the model (c’), the regression coefficient remained 
statistically significant (p < 0.001). Finally, the indirect effect confirmed 
that PSPA was a partial mediator of academic achievement in reading 
(IE = 1.017; SE = 0.12; 95%CI, −1.27, −0.77, Med%: 6%) (Figure 3A) 
and maths (IE = –1.019; SE = 0.12; 95%CI, −1.25, −0.78, Med%: 6%) 
(Figure 3B). With regard to school climate in the first regression step 
(a), SES was inversely related to PSPA (p < 0.001). In the second step 
(c), the regression coefficient of SES in school climate was also 
significant (p < 0.0001). In the third step, the potential mediator PSPA 
was positively related to the dependent variable school climate (b) 
(p < 0.001). Finally, the indirect effect confirmed that PSPA was a 
partial mediator of school climate (IE = –0.46; SE = 0.52; 95%CI, 
−0.56, −0.35, Med%: 35%) (Figure 3C).

FIGURE 1

Changes from 2017 to 2018 year in the ‘Reading’ and ‘Maths’ score in Chilean students of primary school by schools of different socio-economic 
status. Panel (A, B) show absolute data from 2017 to 2018, and panel (C) the respective delta changes (∆) to both ‘Reading’ and ‘Math’ score. Categories 
are shown as Non-Promoting Physical Activity (Non-PSPA) and Schools that Promoting School Physical Activity (PSA). (High-SES) High socio-
economic status, (Middle-SES) Middle socio-economic status, and ((Low-SES) Low socio-economic status. (F) Levene test, and (ES) Laken’s effect size. 
(†) Denotes significant differences between Non-promoting PA versus Promoting PA at P<0.05, and (††) at P<0.001. (*) Denotes significant differences 
between 2017 versus 2018 year at P<0.05, and (**) at P<0.001..
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4 Discussion

The study examined two main objectives: (1) determining the 
association between PSPA and academic achievement and school 
climate according to SES of schools and (2) exploring the potential 
mediating role of PSPA in the relationship between SES of schools and 
academic achievement and school climate. The main results were as 
follows: (i) the relationship between SES and academic achievement 
was mediated by PSPA; (ii) there was a positive association between 
academic changes and PSPA mainly in the low-SES schools; and (iii) 
there was a relationship between SES and school climate and it was 
positively mediated by PSPA.

PSPA mediated the association between SES and academic and 
non-academic achievement, suggesting that promoting PSPA among 
children could help close the gaps in this unfortunate relationship. 
Previous studies (42–44) have indicated a relationship between 
physical activity and academic achievement and have highlighted SES 
as one of the most relevant mediating variables. Indeed, SES should 
be viewed as an early risk factor for access to learning, especially 
because it is often students with inferior economic resources who 
cannot access regulated physical activity practices and foster those 
movement skills that have been shown to be  directly related to 
cognitive, emotional, and social development.

One cross-sectional study reported a weak link between PA and 
academic achievement, necessitating further investigation (45). A second 
study reported that physical fitness mediated the relationship between SES 
and academic achievement (46). Another study conducted on Chilean 
schoolchildren indicated that better physical fitness could be deemed a 
protective social factor related to bridging the cognitive gap associated 
with school vulnerability (47). Moreover, a longitudinal analysis found 
that PA during adolescence predicted higher educational levels and SES 
in adulthood (48). In a complementary way, PSPA through PA 
intervention may positively affect academic achievement: for example, 36 
developed a 3-year cluster-randomized controlled trial of 24 elementary 

schools to compare changes in academic achievement and fitness in 
schools that received a PA intervention of 90 min/week of moderate to 
vigorous physically active academic lessons and reported positive changes 
in academic scores in maths and reading in elementary schools in 
northeast Kansas. Similarly, a study of a 20-week PA intervention among 
socioeconomically deprived schoolchildren (aged 8–13 years) in 
South Africa reported a positive effect on academic achievement and 
physical activity; furthermore, fit children tended to exhibit better 
concentration than their less fit peers (49). A longitudinal study evaluating 
the relationship between objectively measured (moderate to vigorous) PA 
and academic achievement among adolescents showed a long-term 
positive impact of the former on the latter (50).

In the present study, we found a positive association between 
academic delta changes and PSPA in reading and maths; in addition, 
we  observed superior academic results in low-SES schools that 
especially promoted PA. Previous research has shown that PA with 
increasing aerobic capacity and motor skills could have the potential 
to improve academic achievement (51). For instance, one systematic 
review found PA to be associated with cognition (52). Another study 
noted that PA was decisive in affecting academic achievement, 
implying that lifestyle behavior is a key factor to consider for 
improving academic achievement (53). Moreover, a nationally 
representative sample of Canadian early adolescents found that active 
and healthy lifestyle behaviors were positively associated with 
academic achievement (54). Furthermore, a study of Australian 
schoolchildren reported that following multiple recommendations 
from PA movement guidelines (by self-report) was valuable for 
children’s academic achievement and that adhering to screen time 
guidelines was particularly important (55); hence, PSPA could be a 
way to promote equal opportunities among children within school 
environments and support them in adopting healthy lifestyles, 
increasing PA and decreasing screen time as a result. PSPA could also 
contribute to reducing social inequalities in academic 
achievement (56).

FIGURE 2

Association between improvement academic achievement with Promoting School Physical Activity according Schools-SES.
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Additionally, school climate was mediated by PSPA in relation to 
low SES. Indeed, previous research has indicated that an appropriate 
school climate creates a social learning space that favors academic 
achievement. Accordingly, improving the school climate may increase 
adolescent students’ PA (57). Moreover, one study assessed the effect of 
PA interventions on academic achievement and school climate 
(classroom behaviors) in childhood and analyzed the characteristics of 
programs that enhance academic performance, finding that PA 
improved classroom behaviors and benefitted several aspects of 
academic achievement, especially maths-related skills, reading, and 
composite scores (22). School climate can positively influence students’ 
academic achievement, thus potentially reducing the SES gaps and even 
overcoming existing social and economic barriers (58). One longitudinal 
study indicated that school climate—especially learning environment—
predicted academic achievement in standardized tests (59). A second 
study reported that school climate dimensions explained the 14.5% 
variance of academic achievements in subjects who scored below 15th 
percentile (60). A third study showed that a structural equation model 

relating academic achievement to eight dimensions of school climate 
accurately explained 39.6% of the variability seen in school performance 
(61). A fourth investigation indicated that an unhealthy school climate, 
involving such problems as bullying and victimization among 
adolescents, was associated with fewer days of physical education and 
lower odds of engaging in PA, thereby adding to concerns about the 
possible negative health consequences of bullying (62). This underscores 
the need to develop programs targeted at increasing PSPA.

4.1 Limitations

Some of the limitations of this study included an inability to 
determine differences in gender or ethnicity at each school. In 
addition, school climate was a self-declared perception. Furthermore, 
it is necessary to continue improving the construction and validation 
of the questionnaires used by Chile’s Agency of Education Quality to 
measure PSPA. Moreover, assessing school climate through student 

FIGURE 3

The mediation analysis for the total sample (n=4990 schools). Reference value High-SES. Promoting School Physical Activity (PSA).
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surveys presents certain limitations. By contrast, the great strength of 
this study was its large sample, rendering it highly representative of 
the Chilean school population.

5 Conclusion

The educational establishments that promoted PA during 2018 
reported greater changes in academic achievement than those that did 
not, especially in those schools with large low-SES student cohorts. In 
addition, the school climate tended to be superior in the former. The 
improvements in academic achievement were associated with 
PSPA. Moreover, PSPA was found to play a potential mediating role 
in the relationship between schools’ SES and academic achievement. 
In addition, there was an association between SES and school climate, 
which was mediated by PSPA.

6 Practical implications

PSPA can constitute a way of promoting equal opportunities for 
children within school environments, thereby helping to reduce social 
inequalities in academic achievement and close SES gaps related to 
poverty. Given these potential benefits, public policymakers, schools, 
teachers, and parents are called on to increase efforts to promote PA of 
students as a tool that can help diminish social disadvantages and 
inequalities in Chilean schools. Such findings may also prove useful in 
the discussion, design, and implementation of public policies and other 
health and education initiatives. This underscores the need to develop 
actions that foster the development and permanent evaluation of these 
indicators of PSPA in the Chilean educational system, in addition to 
generating a space in public policies that seek to promote these national 
results. For teachers, theoretically, the increase in PA promotion could 
increase cognitive and class concentration due to several physiological 
modifications from the hippocampus. Similarly, from a practical point 
of view, teachers could improve the school climate in class due to the 
benefits to schoolchildren when these increase their PA amount per day, 
for example, reducing anxiety, the positive class behavior among mates, 
among others. For parents, the increased PA of children could help to 
improve the general wellbeing of children and their mental health, 
contributing to their integral development, and for students, improved 
PA levels have a positive impact on physical, psychological, emotional, 
and social benefits in the present and later stages of life.
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Lower perceived stress among
physically active elite private
university students with higher
levels of gratitude
Laura S. Kabiri*, Jennie Le, Cassandra S. Diep, Eunbi Chung,
Jacob Wong, Amanda M. Perkins-Ball, Heidi Y. Perkins and
Augusto X. Rodriguez

Department of Kinesiology, Wiess School of Natural Sciences, Rice University, Houston, TX,
United States
Elite private universities have high stress levels, particularly for underrepresented
populations. While physical activity and gratitude can both reduce stress,
independent effects from gratitude and interaction effects between physical
activity and gratitude on stress are insufficiently explored. Our study
investigated these effects among undergraduates at elite private universities.
Undergraduates (n= 145) completed an online survey in Fall 2022. Moderate-
high physical activity levels were reported by 96.19% of the sample. No
significant interaction effect between physical activity and gratitude was seen
nor a significant main effect of physical activity on perceived stress.
A significant main effect of gratitude on perceived stress [F (2, 99) = 16.732,
p < .001, ω2 = .253] was found with higher perceived stress among participants
with low compared to moderate (p= .001) or high gratitude (p < .001).
Gratitude exerted an independent, significant effect on perceived stress
among elite university undergraduates and could be used as an additional
healthy coping mechanism along with physical activity to combat stress.

KEYWORDS

mental health, education, IPAQ, GQ-64, PSS

1 Introduction

Stress is particularly common among the undergraduate population. The prevalence of

stress and other mental health issues has increased since the COVID-19 pandemic (1).

Reasons for this include financial difficulties, academic pressure, and high workloads, as

well as the pressure to ideally reflect their cultural communities and the future of

mankind (1). While stress is a concern in the general undergraduate population, the

issue is particularly worrisome among students in elite private universities, making this

population of particular interest (2). Students at these elite academic institutions cite

unique issues associated with cultures of perfectionism, academic pressure, and

stigmatization of mental illness at higher levels than public institutions of higher

education, particularly among first generation, low-income, and underrepresented

minority populations on campus (2, 3). Combined with a lack of parental influence and

oversight, the increased levels of stress during undergraduate education often lead to

unhealthy coping practices.

Binge drinking, as well as tobacco and marijuana use, are all examples of unhealthy

coping skills linked to mental health issues among the general undergraduate
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population (4). Students at private universities also report using

alcohol and other substances to cope with academic stress,

especially among those who identify as white and of a high

socioeconomic background (3). Thus, it is vital to identify and

cultivate healthy coping mechanisms for addressing stress during

the undergraduate experience, particularly in elite private

universities. If developed, these healthy coping skills can extend

beyond the university into adulthood (5). However, failure to

develop healthy coping skills can transition into work-related

stress as adults, with an estimated cost of over $187 billion US

dollars annually as lost productivity, health care, and medical

costs (6).

Physical activity is one example of a healthy coping skill that

improves both physical and mental health. Increased physical

activity levels are associated with improvements in

cardiorespiratory fitness and muscle mass, as well as decreased

risk of cardiovascular disease and related comorbidities like

diabetes mellitus and obesity (7). Physical activity helps improve

key components of mental health including mood, distress, and

mindfulness (8, 9). In addition to improvements in anxiety and

depression, physical activity also decreases and even predicts

stress (9–11). Regular physical activity helps lower chronic stress

hormone levels like cortisol and increases the release of

endogenous opiates (12). Combined, these chemical changes help

reduce both long-term and short-term stress. Thus, physical

activity is an important approach to managing stress and other

mental health issues.

Unfortunately, most college students are not getting the

recommended amount of physical activity (11). Therefore, its

ability to combat stress among this population is limited. The

trend in decreased physical activity has been exacerbated since the

onset of the COVID-19 pandemic with noted decreases in all

levels of physical activity worldwide (13, 14). Reasons for this may

include changes in residence and distance to recreational facilities

or gyms, as well as a lack of time, including greater time demands

from academics and/or supplemental work (13, 14). In addition to

a decrease in physical activity, college students are also

experiencing increased sedentary time with an average of over

12 h per day spent in sedentary screen time (15). Time spent in

inactivity is particularly elevated in overweight and obese students,

as well as those from minority groups or raised by parents with

lower education levels (15). Thus, while physical activity is known

to decrease stress and offers a healthy lifelong coping skill, it is

not frequently employed by the undergraduate population.

Like physical activity, gratitude also has positive associations

with physical and mental health. For our purposes, gratitude is

defined as the belief that we have benefited from good things in

the world from sources outside ourselves. In other words, it is “a

specific way of thinking about receiving a benefit and giving

credit to others besides yourself for that benefit” (16). Physically,

gratitude is related to improved inflammatory markers linked to

cardiovascular disease, as well as improved sleep (17, 18).

Mentally, gratitude is also linked to decreased levels of stress and

improved mental health (19). College students who sought

mental health treatment and spent three weeks writing letters of

gratitude reported significantly fewer anxiety and depression
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symptoms and better overall function than those who did not

(20). Gratitude carries great potential as a coping mechanism for

people at high risk for stress-related issues.

Unfortunately, research has yet to determine any independent

effect of gratitude or interaction effects from physical activity and

gratitude on perceived stress. Therefore, the purpose of this study

was to investigate the potential independent and interaction

effects of physical activity and gratitude on perceived stress

among undergraduates at elite private universities. We

hypothesize that physical activity and gratitude will exert

independent, inverse effects on stress in private university

students with no interaction effect, such that more active,

grateful participants show the lowest levels of perceived stress.
2 Materials and methods

2.1 Participants

The study was approved by the Institutional Review Board at

Rice University (IRB-FY2020-327) prior to any recruitment,

enrollment, or data collection. The study was part of the larger

COVID-19 Stress, Physical Activity, and Nutrition Effects on

Students (C-SPANES) II study completed in the fall of 2022. We

recruited adults aged 18–25-years-old and currently enrolled in a

college or university in the greater Houston area by university

email, social media, and chain referral sampling, or encouraging

participating students to invite eligible peers to participate.

Multiple posts were made over the course of the semester prior

to the start of final examinations. Of the over 40 colleges and

universities in this area, one was classified as elite (admission

rate below 10%) with an undergraduate population of around

4,000 students. This institution hosts both national and

international students and awards undergraduate degrees in five

major areas of study: natural sciences, engineering, humanities,

social sciences, and fine arts. Participants provided informed

written consent prior to online survey access. Participants could

skip questions or end the survey at any time. For their

participation, participants could enter a drawing for a $20 gift

card, but no other compensation was provided.

The present study used a subset of data from the larger

C-SPANES-II study, including information on physical activity

patterns, gratitude, and stress. To address the research question,

we excluded participants who were not a current undergraduate

at an elite private 4-year university in the Greater Houston area

or did not complete the demographics, physical activity,

gratitude, and stress portions of the survey.
2.2 Protocol

Participants completed an online survey in English, which

included basic demographic information like self-reported age,

gender, race/ethnicity, and socioeconomic status (SES) as “poor,”

“working class,” “middle class,” or “affluent” following best

practices (21, 22). We assessed physical activity using seven-day
frontiersin.org
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TABLE 1 Descriptive characteristics of the entire sample.

Characteristic or demographic Frequency
(n)

Mean ± SD or
percent

Age (years) 105 19.85 ± 1.36

Gender
Man/male/masculine 43 40.95

Woman/female/feminine 58 55.23

Gender nonconforming, other 3 2.85

Prefer not to answer 1 0.97

Race
Asian 46 43.81

Black or African American 12 11.43

Kabiri et al. 10.3389/fspor.2024.1369205
recall through the International Physical Activity Questionnaire—

Short Form (IPAQ-SF) (23). The IPAQ-SF is a standard tool

that measures physical activity with strong convergent validity

(ESρ = .53) (23, 24). We used seven questions from the IPAQ-SF

to assess total physical activity. The collected physical activity

data was converted to weekly MET-minutes and physical activity

categories (low, medium, high) per IPAQ-SF standardized

formulas and protocol (23).

We measured gratitude using the Gratitude Questionnaire—Six

Item Short Form (GQ-6) (25). The GQ-6 is a self-report tool to

assess an individual’s gratitude experience in daily life. It has

good internal reliability, as well as strong internal consistency

with reported Cronbach’s alpha values ranging from .78 to 0.82

(25, 26). The GQ-6 also has acceptable discriminant validity with

the ability to distinguish gratitude from other positive constructs

(e.g., satisfaction with life, vitality, subjective happiness,

optimism, and hope) (25). Its brevity and strong psychometric

properties make it a standard and popular method of assessing

gratitude in a variety of populations, although there may be a

ceiling effect affecting the ability to discriminate among

individuals who score high on gratitude (27). To address this

ceiling effect, gratitude scores were analyzed as scaled

classifications of low (6–35 points), moderate (36–40 points), or

high (41–42 points) levels of gratitude using existing cut-off

scores (25).

Lastly, we used the 10-item Perceived Stress Scale (PSS) to

assess perceived stress (28, 29). The PSS is widely used to

determine perceived stress with good internal (Cronbach’s

α > .70) and test-retest (>.70) reliability (29–31). A five-point

scale (0–4 points) is used for each item, with 4 items reverse

scored. The sum of all items creates an overall score with higher

values indicating higher perceived levels of stress. Its brevity and

ability to distinguish stress from related constructs like anxiety

and depression strengthened support for use in this study,

particularly among this population (29). Anxiety and depression

are also common issues among undergraduates at elite private

universities, so it was important to select a tool capable of

isolating our desired variable from related covariates (2).
Hispanic, Latino, or Spanish Origin 7 6.67

Middle Eastern or North African 2 1.90

White 25 23.81

Persons of multiple races 13 12.38

Socioeconomic status (SES)
Poor 3 2.86

Working class 14 13.33

Middle class 67 63.81

Affluent 21 20.00

Physical activity (PA)
Average PA (total MET-min/week) 105 3,576.30 ± 2,186.45

Low physical activity classification 4 3.81

Medium physical activity classification 45 42.86

High physical activity classification 56 53.33

Gratitude
Average GQ-6 score 105 35.41 ± 5.73

Low gratitude classification 43 40.95

Moderate gratitude classification 38 36.19

High gratitude classification 24 22.86
2.3 Statistical analysis

We calculated descriptive statistics for all variables and reported

them as frequency and mean or percentage ± standard deviation.

We cleaned data from the IPAQ-SF before analysis as per the

published protocol and recoded cases with physical activity

durations <10 min to zero minutes for the corresponding physical

activity intensity (32). Gratitude scores and perceived stress scores

were also calculated using published protocols (25, 29).

We ran a two-way independent factorial ANOVA to explore

interaction and main effects between ordinal physical activity

classifications (low, moderate, high) and gratitude levels (low,

moderate, high) on perceived stress. Bonferroni post hoc tests

then explored differences in mean PSS scores between groups. We

conducted all statistical analyses using SPSS (version 29, Chicago,

IL, USA), with an alpha value of ≤.05 to indicate significance.
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3 Results

A total of 145 students responded to the C-SPANES–II survey.

Of those, 14 did not complete the demographic portion of the

survey. Of the remaining 131, seven were not current students at

an elite private 4-year undergraduate institution, 12 did not

complete the GQ-6, 5 did not have total physical activity scores,

and 2 did not complete the PSS. These participants were

therefore removed from data analysis based on study inclusion

and exclusion criteria, resulting in a final sample of 105 and an

overall survey completion rate of 72.41%.

Table 1 includes descriptive statistics for the population.

Participants primarily identified as female, Asian, and middle

class. The majority were categorized as high physical activity,

which reflected the median classification (high physical activity)

as well. The average gratitude score was 35.41. Due to the low

number of participants classified as low physical activity (n = 4),

this classification was combined with moderate physical activity

to dichotomize the variable for statistical analysis purposes.

No clear violations of the linear model based on histograms

and scatterplots of the residuals were seen. No significant main

effect of physical activity [F (1, 99) = .930, p = .337, ω2 = .009]

was found, nor a significant interaction between physical activity

and gratitude [F (2, 99) = 1.930, p = .151, ω2 = .038], on perceived
frontiersin.org
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stress. However, there was a significant main effect of gratitude on

perceived stress with a large effect size [F (2, 99) = 16.732, p < .001,

ω2 = .253]. Bonferroni post hoc tests revealed significantly higher

levels of perceived stress among students with low levels of

gratitude compared to those with moderate (p = .001) or high

levels of gratitude (p < .001), but no significant difference in

perceived stress between students with moderate and high levels

of gratitude (p = .140). Figure 1 shows the means by grouping.

In addition to no significant main effect between physical

activity and perceived stress, there was also no significant

difference in gratitude scores between the two physical activity

groups. Gratitude scores were similar in both low/moderately

active and highly active students. Overall, students classified as

highly active with low levels of gratitude showed the highest

mean perceived stress, while low/moderately active students

with high levels of gratitude reported the lowest perceived

stress. Additional details and PSS scores by subgroup can be

seen in Table 2.
FIGURE 1

Means PSS scores by PA and GQ-6 classifications (error bars: 95% CI).

TABLE 2 Means and standard deviations for PSS scores by PA and GQ-6 clas

Low/moderate physical activity cla

M SD
Low gratitude group 23.72 4.968

Moderate gratitude group 20.19 4.929

High gratitude group 13.43 3.409

Overall gratitude 21.10 5.875
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4 Discussion

Our findings show no interaction effect such that physical

activity and gratitude exert independent effects on perceived

stress in private university students. However, only gratitude

exerted a significant effect on perceived stress. Our original

hypothesis that both physical activity and gratitude would

significantly and independently impact perceived stress was

partially supported. The non-significant interaction effect

suggests that physical activity and gratitude impact perceived

stress in unrelated ways. Thus, they can be considered separate

methods of addressing perceived stress with distinct, unique

effects. Our findings support existing literature which also shows

no relationship between the two constructs (33, 34). However,

physical activity and gratitude can and do overlap. A recent

science review concluded that gratitude positively impacts

adherence to health behaviors like physical activity (17).

Moreover, gratitude also has pro-social benefits promoting
sifications.

ssification High physical activity classification

n M SD n
26 23.94 6.129 17

16 18.82 5.315 22

7 17.88 6.092 17

49 20.09 6.265 56

frontiersin.org

https://doi.org/10.3389/fspor.2024.1369205
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Kabiri et al. 10.3389/fspor.2024.1369205
relationships and human connection (35). These pro-social benefits

may also encourage people to seek out group exercise classes and

other activity programs with social components. While there is

no significant interaction effect in our study, both physical

activity and gratitude offer complementary benefits to addressing

perceived stress.

First, we saw no significant impact of physical activity on

perceived stress among our sample. However, this does not

negate the benefits of physical activity on stress which have been

well established in the literature (8, 9). In fact, a previous study

by our same research group concluded that not only were

physical activity and stress related, but physical activity was also

a significant predictor of perceived stress in a similar

undergraduate population in elite academic institutions (10). The

chemical changes seen with regular physical activity are also well

established in the literature (12). It is widely accepted that

physical activity can decrease general cortisol levels, which has

multiple health benefits including lower overall stress and

improved sleep (36). Of note, 96.19% of participants in our

sample were classified as moderately or highly active. Therefore,

it is possible that because most of our sample was already

engaging in regular physical activity, they were already receiving

the stress-reducing benefits known to accompany exercise which

would explain the lack of a significant independent effect of

physical activity on stress.

Second, gratitude classification independently and inversely

impacted perceived stress in our study. Students with higher

levels of gratitude also perceived less stress regardless of physical

activity level which suggests that gratitude as a coping

mechanism may decrease perceived stress regardless of exercise.

In the literature, we also can find support for a relationship

between gratitude and lower stress (16, 37). Likewise, gratitude

has been associated with endogenous mu-opioid peptides and

receptor systems, which are proffered as potential explanations

for the pro-social, positive affect, and stress reduction seen in

high levels of gratitude (35). Neurologically, gratitude has very

specific links to stress. Gratitude involves the medial prefrontal

cortex of the brain where the two hemispheres align and is

involved in prosocial behavior which helps build meaningful

connections and relationships among humans and primates

(16, 19). It also regulates emotions and supports the stress relief

process, which may explain why individuals with high levels of

gratitude tend to experience lower stress and greater life

satisfaction (19, 37). In one study, practicing gratitude led to

structural changes in the frontal lobe itself (19). It also helps the

body and brain both to relax and “destress” (19). In our study,

the inverse and independent impact of gratitude on perceived

stress is noteworthy. Since our population was largely physically

active, gratitude offers a new area of focus as an additional

healthy coping mechanism for people in high-stress

environments. In other words, gratitude may be an effective

complement for stress management in people who are already

receiving the mental and physical health benefits of regular

exercise, yet still struggle with high levels of perceived stress.

Altogether, our findings suggest the importance of gratitude

practices in managing stress among elite private university
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students, particularly those who are already physically active.

Notably, simple interventions exist to improve both physical

activity and gratitude through purposeful practice. Options for

increasing physical activity are practically limitless and range

from competitive athletics to co-ed sports to simple walking

programs. Many are low to no-cost and require minimal upfront

investment. These activities are widely available and can be

adopted as healthy coping mechanisms to combat stress

throughout adulthood. Likewise, journaling is one of the most

effective means of increasing gratitude (16). Simple exercises in

gratitude journaling implemented in schools show multiple

positive impacts. In one study, early adolescents who journaled

daily, listing five items for which they were grateful, reported

more optimism and fewer negative emotions and physical

complaints. Moreover, this benefit lasted at least three weeks past

the intervention (38). However, not all people who practice

gratitude feel fewer negative emotions like anxiety, depression,

and stress, but they do report an increase in positive emotions

like optimism, pleasure, enthusiasm, and joy (16). In this way,

gratitude offers a healthy way to process and help offset negative

emotions (39). Regardless, gratitude is a simple and effective way

to help combat feelings of perceived stress.
4.1 Study limitations

Limitations of our study include a small and homogenous

sample of physically active private university students, so

generalizability to the population at large or to more diverse

undergraduate and adult populations may be limited. However,

our population of predominantly female, white or Asian, and

middle-to-upper class SES is reflective of elite private university

students in the United States (40–42). Moreover, this research

study employed a cross-sectional design with no control group

and, as such, cannot determine causality. Future studies should

employ purposeful interventions and collect longitudinal data to

strengthen and clarify our findings. Finally, data for this study

were collected by online survey using self-report tools,

introducing the potential for self-selection and self-reporting bias.

However, the tools used in this study, as well as the online

survey and sampling strategies, are widely accepted and used

techniques in social and behavioral research.
4.2 Conclusion

In short, our findings showing no interaction effect between

physical activity and gratitude, as well as an inverse, independent

effect of gratitude on perceived stress, are new and novel.

Universities and health professionals could use these results to

provide additional healthy coping mechanisms for managing

stress. While our results have implications for adults in general,

our findings are particularly important in high-stress populations

like students enrolled in elite academic institutions and those

from first generation, low-income, and underrepresented

minority populations. While both physical activity and gratitude
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can be impactful as solo constructs, it is possible that encouraging

physically active adults, who still struggle with stress management,

to adopt simple gratitude practices may further help alleviate

perceived stress. Future studies should investigate the

longitudinal effects of physical activity and gratitude on perceived

stress and employ experimental designs to help determine

causality and clarify impact.
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Marginal effects of economical 
development and university 
education on China’s regular 
exercise population
Agudamu 1, Te Bu 2,3 and Yang Zhang 4*
1 Graduate School of Social Welfare, Sungkyunkwan University, Seoul, Republic of Korea, 2 College of 
Physical Education, Hunan Normal University, Changsha, China, 3 HEHA CAT Sports Science and 
Technology Institute, Changsha, China, 4 Independent Researcher, Windermere, FL, United States

Objective: Although the regular exercise population is a key metric for gaging the 
success of China’s fitness-for-all activities, effective policy approaches to increase 
mass sports participation remain unclear. Previous research suggests that GDP, 
educational attainment, sports resources, and meteorological conditions could 
influence regular exercise participation. Therefore, this study first analyzed the 
macro-level correlates influencing China’s regular exercise population.

Methods: We utilize ordinary least squares (OLS) regression and geographical 
weighted regression (GWR) to theorize the relationship. The analysis 
encompasses data from the 31 administrative regions of Mainland China, as 
reported at the end of the 13th Five-Year Plan period. The log–log model enables 
us to quantify the marginal effect (elasticity) of the explanatory variables.

Results: The OLS regression showed that regional GDP and the proportion of 
the population with a university education were significant predictors. In the 
global model, the marginal effects of regional GDP and university education 
were 0.048 and 0.173, respectively. Furthermore, the GWR revealed a distinct 
geographic pattern that corresponds to the classic Hu Line.

Conclusion: While regional GDP was also a significant correlate in our model, 
the elasticity demonstrates that university education had an asymmetric effect 
on China’s regular exercise population. Therefore, this paper sheds light on a 
policy priority for the upcoming 15th Five-Year Plan, emphasizing the strategic 
importance of expanding university education to enhance mass sports 
participation. In turn, a better-educated populace may yield significant secondary 
effects on public health and contribute to the high-quality development of the 
Chinese path to modernization.

KEYWORDS

educational attainment, exercise, GDP, inequality, physical activity, weather

1 Introduction

The concept of modernization, emerging in the mid-twentieth century, is generally 
regarded as “a multifaceted process involving changes in all areas of human thought and 
activity” (1). As the post-World War II era ushered in a period of peace and the industrial 
civilization progressed, GDP growth became a universal benchmark for modernization. In the 
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context of China, modernization is seen as a blend of contemporary 
values with the enduring essence of traditional Chinese culture. A 
notable theoretical advancement in this concept is Xi Jinping’s 
assertion that “people’s health is the primary indicator of 
modernization.” This underscores the importance of the proactive 
health concept (2), with China’s fitness-for-all activities set to play a 
key role in the Chinese path to modernization (3). Since its inception 
in 1995, the National Fitness Plan has shown promising results, with 
recent data revealing that 37.2 percent of China’s population regularly 
do physical exercise (4). However, this figure falls short when 
compared to the 40–45 percent participation rates observed in 
developed countries (5), indicating that China still faces significant 
challenges in promoting its mass sports program. The latest National 
Fitness Plan (2021–2025) highlights the government’s focus on 
improving the quality of fitness-for-all activities. It points out ongoing 
challenges, such as the imbalanced regional development of these 
activities and the insufficient provision of public fitness services. 
Therefore, addressing the issue of imbalanced regional development 
is essential in the next phase of the nation’s modernization endeavors.

The developmental goals of the National Fitness Plan are articulated 
through several critical metrics designed to gage its success. These 
metrics encompass the percentage of the population that regularly do 
physical exercise (thereafter, regular exercise population), the 
establishment of 15-min community fitness circles, the number of social 
sports instructors, and, on a broader scale, the passing rate of the national 
physical fitness standard. Thus, employing quantitative research focused 
on these four key metrics can provide policy recommendations for 
drafting a refined National Fitness Plan. The existing literature has largely 
focused on regional disparities in passing rates, with limited discussion 
given to the regular exercise population (6)—arguably the most 
important metric for assessing the effectiveness of fitness-for-all activities. 
To date, there has been no quantitative analysis examining the imbalanced 
regional development concerning the regular exercise population.

Previous research on correlates and determinants influencing 
physical exercise practices has centered on individual-level factors, 
such as age, sex, and income (7). While these studies are valuable for 
influencing individual behavior, they provide limited guidance for 
developing effective national policies that target the entire population, 
especially for a diverse and populous nation like China. From a macro 
perspective, existing theories focus on four key areas: economic 
fundamentals, health consciousness, resource availability, and climatic 
factors. First, economic development plays a critical role in facilitating 
the mass sports program. The level of economic prosperity determines 
the extent of government support for non-essential social activities, 
such as fitness-for-all activities. Empirical data from a study 
conducted in 34 nations revealed a positive correlation between per 
capita GDP and economic freedom and increased engagement in 
physical exercise (8). In the meantime, an individual’s participation in 
leisure-time physical exercise is influenced by their economic status. 
A pooled analysis of health surveys conducted in England in 2008, 
2012, and 2016 revealed that individuals from high-income 
households are more likely to participate in and spend more time 
engaging in moderate-to-vigorous physical exercise compared to 
those from lower-income households (9). Similarly, data from 
Belgium indicated that sports consumption and participation were 
stronger among higher-income households (10). Essentially, the 
inequality in sports participation can be  attributed to a better 
economic position, which stimulates proactive health awareness (11).

Second, education not only critically influences employment 
opportunities but also affects participation in physical exercise at the 
population level. For example, an analysis of physical exercise patterns 
across 27 European countries revealed a strong correlation between 
higher government expenditure on education, as a proportion of GDP, 
and a greater likelihood of citizens engaging in regular exercise (12). 
The said study additionally found that government health spending 
does not directly impact exercise habits, suggesting that health 
promotion policies may be more effective when focused on education. 
Similar studies conducted in Brazil, China, Ireland, Sweden, and the 
United States reinforce education as an important correlate of sports 
participation (13–17). The mechanism is suggested to be that better 
education affects an individual’s economic status and health beliefs, 
which in turn shape their long-term attitude toward physical exercise.

Third, government infrastructure spending on sports venues has 
an important role in promoting public exercise behavior. In this 
regard, Dallmeyer and colleagues showed that in Germany, the key 
factor is not the average fiscal expenditure but rather consistent fiscal 
support (18). To effectively promote public health policy through 
sports, it is imperative for governments to consistently provide 
funding for the development of sports resources to influence citizens’ 
exercise habits. Similarly, data from 21 European countries endorse 
the notion that an accountable government (e.g., through investing in 
sports venues) positively impacts the physical exercise levels of its 
citizens (19). In developing countries, the availability of sports 
resources has an even greater impact on public interest and 
participation in sports. In a populous country like China, the per 
capita availability of sports resources is a limiting factor in organizing 
mass sports events. Of note, it is important to consider availability in 
a broader sense, as research from both developing and developed 
countries indicates that individuals are less inclined to use sports 
venues that are located far from their homes (20, 21).

Fourth, natural factors can restrict sporting activities to some 
extent. Obradovich and Fowler reported that recreational physical 
activity decreases during both cold and extremely hot conditions, as 
well as on days with precipitation, based on data collected from over 
1.9 million survey respondents in the United States (22). Given that 
global warming appears to be beyond mitigation under current global 
efforts (23), it is likely that heat will have a greater impact on global 
sports participation going forward. Additionally, meteorological 
conditions caused by human activities, such as air pollution, would 
also have a detrimental effect on sports participation (24). Given 
China’s vast territory, which spans several climatic zones, the impact 
of meteorological conditions on physical exercise is an aspect that 
cannot be overlooked.

Based on actual statistics regarding China’s regular exercise 
population (as presented in the following section), it becomes evident 
that the aforementioned macro factors are intricately interconnected. 
For instance, Guangdong consistently ranks highest among provinces 
in terms of GDP output. It boasts remarkable sports resources, 
particularly in professional soccer and basketball, and benefits from 
a favorable climate. However, its regular exercise population is among 
the lowest. In contrast, Liaoning faces freezing temperatures in 
winter, and its economic development is constrained by its 
geographical location. Despite these challenges, Liaoning enjoys one 
of the largest regular exercise populations. Such a phenomenon, in 
some cases against popular theories (22), not only underscores 
regional disparities in the regular exercise population but also 
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highlights a discrepancy between the real conditions and the 
theoretical framework. This disparity underscores the imperative of 
quantifying the macro factors contributing to these variations.

From a macro perspective, the birth rate in China is concerning, 
and the Chinese society as a whole is experiencing accelerated aging. 
By 2050, it is expected that the percentage of individuals aged 55 to 
64  in the overall workforce will increase to 26.7% (25). This 
unfavorable demographic structure underscores the urgency to 
promote the proactive health concept, particularly through regular 
exercise participation, to enhance health outcomes and alleviate both 
personal and national financial burdens associated with healthcare 
costs. A recent study reinforces this notion. Analysis of credit 
utilization data from one million Chinese between 2018 and 2021 
revealed a significant inverse correlation between individual sports 
consumption and medical expenses: for every 1 % increase in sports 
consumption, there was a corresponding decrease of 0.203 percent in 
personal medical expenditure (26). The benefits of regular exercise 
participation on health and financial resilience cannot be overstated.

Therefore, the purpose of this paper was to identify macro 
correlates that can explain the dynamics of China’s regular exercise 
population. Here, we  hypothesize that China’s regular exercise 
population is influenced by four macro factors: economic, educational, 
resource-related, and meteorological. Their relationship can 
be mathematically represented in Eq. (1) as follows:

 

( ) ( )
( )

regular ln economy ln education
ln exercise sports ln ln climatepopulation resources

  + +
  =    ε+ +      

(1)

where ε follows a parametric probability distribution.
Moreover, this paper utilized modern econometric and spatial 

statistical methods to deepen the understanding of how the elasticity 
of these macro factors varies across different regions. To compute the 
marginal products of these macro factors, we  apply the natural 
logarithm function to the data, as illustrated in Eq. (1). These marginal 
products are referred to as marginal effects within the context of our 
paper to better match the specific focus of our research. Essentially, 
we  advocate for a macro-level theory of human behavior that is 
consistent with realities. The insights gained from this analysis are 
intended to provide policymakers with a solid foundation for crafting 
upcoming national policies.

2 Methods

2.1 Data overview

According to the General Administration of Sport of China, 
“population regularly do physical exercise” is defined as engaging in 
physical exercise at least three times a week, with each session lasting 
30 min or more, and at a moderate or higher intensity level. The study 
examined the regular exercise population across 31 administrative 
regions in Mainland China, using government statistics collected 
between 2020 and 2021 as the response variable, except for Tibet, 
which only had data available for 2019. These statistics reflect the 
overall progress of the fitness-for-all activities by the end of the 13th 
Five-Year Plan (2016–2020).

The explanatory variables encompass four macro factors discussed 
previously. First, regional GDP can serve as a composite indicator to 
approximate the level of fiscal expenditure for sporting causes, as well 
as its impact on human development (27). It is worth noting that the 
author (Y.Z.) traditionally does not consider per capita GDP for 
scientific analysis. Although there may be  some controversy 
surrounding the 2015 income Gini coefficient of 0.62 obtained from 
the China Household Finance Survey (28), its primary conclusion 
remains indisputable: wealth inequality in China has always existed 
and is significantly greater than that observed in OECD countries. 
According to the Global Wealth Report 2023 (29), the wealth Gini 
coefficient in Mainland China has increased to 0.707, and the share of 
the top 1% of Chinese residents in total wealth has risen to 31.1%, 
indicating a further widening of wealth inequality. Given that Chinese 
individuals possess the highest savings rate globally, it is reasonable to 
question the potential distortion in the per capita GDP data. 
Furthermore, better education is often associated with improved job 
prospects, making it more appropriate to utilize education as a proxy 
measure of an individual-level economic standing (30).

Second, despite the popularity of certain leisure physical activities 
in China, such as fitness walking and square dancing, which do not 
necessarily depend on traditional sports venues, the per capita sports 
area remains an important metric for assessing the resources available 
for fitness and sports activities. Moreover, the accessibility to sports 
venues significantly affects an individual’s likelihood of participating 
in sports (31). Hence, both the per capita sports area and the number 
of public buses per 10,000 people were analyzed as correlated 
indicators of sports resources for physical exercise.

Third, statistics on educational attainment from the 2020 Seventh 
National Population Census were examined to understand the impact 
of education on sports participation (32). To explore the sensitivity of 
various levels of educational attainment, the data were decomposed 
into five categories: population with a university education, population 
with a tertiary education, population with at least high school 
education, population with at least middle school education, and 
population with at least primary school education.

Fourth, meteorological data from 2016 to 2020 were considered 
to explore factors relevant to exercise behaviors, including the average 
daily temperature, the average highest daily temperature, annual 
precipitation (measured from 0800 to 2000 h), the number of rainy 
days, haze days, dust and sand storm days per year, and the number 
of days with extreme highest temperatures (≤ 5°C and ≥ 35°C). 
Meteorological data sets were collected by over 100 benchmark 
weather stations in China.

Table 1 presents the primary data used in the statistical modeling, 
offering insights into the macro factors influencing China’s regular 
exercise population. The full data source is accessible on Figshare.1

2.2 Spatial statistics

The statistical modeling was conducted using ArcGIS Pro version 
3.2.1 (Esri Inc., Redlands, CA, United States) and the gamlss package 
version 5.4–20 in R. For brevity, we have omitted the presentation of 

1 https://doi.org/10.6084/m9.figshare.25423567.v1
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commonly calculated equations in computer software and domain-
specific statistical theories. Figure 1 illustrates an overview of the steps 
involved in the statistical modeling.

During the estimation period, we  performed preliminary 
statistical analyses. Our first step involved utilizing the global Moran’s 
I  statistic to evaluate spatial autocorrelation of regular sports 
populations across the 31 administrative regions. Following this, 
we converted the raw data into natural logarithms. In instances where 
the data frame contained zero or negative values, we  applied a 
log-modulus transformation, which shares similar characteristics with 
a traditional log transformation. Then, we  assessed whether the 
log-transformed response variable adhered to a normal distribution. 
We  also carried out a Pearson correlation analysis to identify 

significant correlations between the response variable and potential 
explanatory variables. Only those variables that demonstrated 
significant correlations were selected for inclusion in the subsequent 
regression analysis.

In the search for sensible model terms for the ordinary least 
squares (OLS) regression, we adopted a forward selection approach, 
guided by statistical significance and the Akaike Information Criterion 
(AIC). Briefly, one explanatory variable was incrementally included in 
the OLS model until all terms were shown to be significant predictors 
(Chi-square p < 0.05) of the response variable, and no more 
improvement in AIC was possible. Of note, the statistical significance 
was determined by the generalized likelihood ratio test statistic, 
which, in general, is preferable to the Wald test statistic. Additionally, 
we  experimented with fitting model terms using the Generalized 
Additive Model for Location, Scale, and Shape (GAMLSS). This 
method involved the use of a non-parametric smoother within a 
normal distribution family, aiming for a more flexible model 
adaptation to the data.

The model terms identified as significant in the global model were 
subsequently incorporated into a geographical weighted regression 
(GWR), applying a Bisquare weighting scheme to account for 
geographical variations. Finally, the adequacy of the GWR model 
specification was assessed by analyzing the residual spatial 
autocorrelation, ensuring that our model accurately reflected the 
underlying spatial patterns in the data.

3 Results

3.1 Preliminary analyses

The global Moran’s I statistic, with a z-score of 3.51 (p < 0.001), 
rejects the hypothesis of complete spatial randomness in regular 
sports populations across the 31 administrative regions. Furthermore, 
the Shapiro–Wilk normality test for the log-transformed regular 
sports populations yielded a p-value of 0.565. These preliminary 
statistics justify both the global and local linear modeling.

Pearson correlation analysis revealed moderate yet significant 
correlations between regular sports populations and several 
explanatory variables: regional GDP (r = 0.40, p < 0.05), educational 
attainment (r = 0.53–0.62, with all p-values below 0.01), and the 
number of public buses per 10,000 people (r = 0.6, p < 0.001). 
Accordingly, per capita sports area and all meteorological variables 
were deemed statistically insignificant for inclusion in 
further modeling.

3.2 OLS model

Table 2 presents the stepwise term selection procedure. We began 
with a model containing only regional GDP. Given its statistical 
significance, this term was considered for retention in the final model. 
Subsequently, we  incorporated each of the incremental models 
representing different levels of educational attainment. Upon 
including the population with a university education (Chi-square 
p < 0.001), the AIC of model 2 decreased to −52.8, indicating a 
substantial improvement in model performance. This process was 
repeated for subsequent models. However, as we moved toward lower 

TABLE 1 Descriptive data of main interests.

Administrative 
region

Regular 
exercise 

population 
(%)

Regional 
GDP (100 

million 
CNY)

Population 
with a 

university 
education (%)

Beijing 50.18 36102.55 28.59

Tianjin 45 14083.73 15.96

Hebei 43.41 36206.89 5.35

Shanxi 37.07 17651.93 8.01

Inner Mongolia 35.54 17359.82 8.71

Liaoning 46.49 25114.96 9.37

Jilin 37.5 12311.32 9.21

Heilongjiang 36 13698.5 7.47

Shanghai 45.7 38700.58 21.52

Jiangsu 40.3 102718.98 9

Zhejiang 42.2 64613.34 8.51

Anhui 36.2 38680.63 6.05

Fujian 41.3 43903.89 7.16

Jiangxi 37.6 25691.5 5.17

Shandong 41 73,129 6.65

Henan 36.5 54997.07 4.9

Hubei 33.07 43443.46 7.37

Hunan 38.51 41781.49 5.14

Guangdong 35.65 110760.94 7.11

Guangxi 39.8 22156.69 4.75

Hainan 33.34 5532.39 6.6

Chongqing 47.65 25002.79 7.25

Sichuan 33.7 48598.76 6.04

Guizhou 35.5 17826.56 5.37

Yunnan 36.01 24521.9 5.51

Tibet 29.6 1902.74 5.84

Shaanxi 43 26181.86 8.77

Gansu 36.9 9016.7 6.79

Qinghai 35.8 3005.92 7.07

Ningxia 36.2 3920.55 8.38

Xinjiang 30.89 13797.58 6.74
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levels of educational attainment, the AIC values for models 3–6 
gradually increased, and the associated terms became statistically 
insignificant. Consequently, the population with a university 
education was retained at this stage.

Further, we introduced the number of public buses in model 7. 
Although the inclusion of this term slightly increased the AIC 
compared to model 2, the added term did not significantly contribute. 
While the R2-value suggested an improved model fit, this could 
potentially be  attributed to a coincidental correlation with the 
response variable, thus, we opted for model parsimony and dropped 
the number of public buses from the model terms.

Additionally, we  re-fitted model 2 with a non-parametric 
smoother in the GAMLSS model 8. Through experimentation, 
penalized cubic splines marginally decreased the AIC and substantially 
enhanced the model fit compared to the parametric linear model 2. It 
is necessary to remind that this model is entirely experimental and is 
further discussed in a later section.

Finally, we examined the residuals of model 2. The Jarque-Bera 
statistic yielded a p-value of 0.896, suggesting the absence of model 
bias and confirming that the model is properly specified. Hence, based 
on considerations of statistical significance, AIC, and R2-value, model 
2 was determined to be the most suitable assessment of China’s regular 

FIGURE 1

Flowchart of the study.

TABLE 2 Model significance, performance, and fit from OLS and GAMLSS models.

Model no. and 
specification

Generalized likelihood ratio test statistic F-statistic AIC R2

ln(econ.) ln(edu.) ln(bus) CSln(econ.) CSln(edu.)

M1 = ln(econ.) 5.49* – – – – 5.62 −40.8 0.162

M2 = ln(econ.) + ln(edu.1) 7.11** 14.03*** – – – 12.28 −52.8 0.467

M3 = ln(econ.) + ln(edu.2) 5.77* 12.65*** – – – 11.14 −51.5 0.443

M4 = ln(econ.) + ln(edu.3) 2.57 11.83*** – – – 10.48 −50.6 0.428

M5 = ln(econ.) + ln(edu.4) 0.89 8.34** – – – 7.87 −47.1 0.360

M6 = ln(econ.) + ln(edu.5) 0.81 5.62 – – – 6.04 −44.4 0.301

M7 = ln(econ.) + ln(edu.1) + ln(bus) 5.11* 2.91# 0.28 – – 8.05 −51.1 0.472

M8 = CSln(econ.) + CSln(edu.1) – – – 13.98** 20.33*** – −53.0 0.640

AIC, Akaike information criterion; bus, public buses per 10,000 people; CS, cubic splines; eco., regional GDP; edu., educational attainment. #, *, **, and *** denote Chi-square p-values equal 
to or less than 0.1, 0.05, 0.01, and 0.001, respectively. edu1, population with a university education; edu2, population with a tertiary education; edu3, population with at least high school 
education; edu4, population with at least middle school education; edu5, population with at least primary school education.
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sports population. The global model can be mathematically expressed 
in Eq. (2) as follows:

 

[ ] [ ]

[ ]

regular regional
2.811 0.143 0.048 0.014 ln

ln exercise GDP
population withpopulation 0.173 0.024 ln
a university education

+ +
=

   ∗          ∗  
   

(2)

where, robust standard errors in [].

3.3 GWR model

With a distance band of 3,553,403 meters, the AIC (small sample 
adjusted) of the GWR model was −50.11. While this value increased 
slightly compared to the OLS model 2, their difference was less than 
3. Meanwhile, the model fit improved to 0.508 from 0.467 of model 2, 
highlighting the advantages of transitioning from a global model to a 
local model. Additionally, the z-score of the regression residuals from 
the spatial autocorrelation was −0.135 (p = 0.893), indicating that the 
GWR model was spatially random and correctly specified.

The GWR model generated local models for each administrative 
region, as summarized in Table 3. While the local marginal effects 
fluctuate across regions, the main point remains evident: university 
education had a much more pronounced marginal effect than regional 
GDP (mean ratio of university education to regional GDP = 4.43). It 
is worth noting that the local model fit decreased in Fujian, 
Guangdong, Guangxi, and Hainan.

We visualize the local marginal effects across the 31 administrative 
regions in Figure 2. The local marginal effects of educational attainment 
exhibited a notable disparity between the west and east sides of the Hu 
Line (33). In other words, a one-unit increase in the proportion of the 
population with a university education in Western China could lead to 
a greater increase in the regular exercise population compared to 
Eastern China. Similarly, the local marginal effects of regional GDP 
displayed a comparable pattern, as depicted in the scaled map.

4 Discussion

The National Fitness Plan, alongside existing theories, suggests 
that the regular exercise habits of the population may be influenced by 
factors related to economics, education, resources, and meteorological 
conditions. In this paper, we estimated Eq. (1) through the use of both 
global and local regressions. Effectively, the work presented is 
consistent with a methodology to let the actual data inform the 
theoretical relationship. Our findings reveal that China’s regular 
exercise population did not significantly react to the emphasis on 
sports resources outlined in the National Fitness Plan or to 
meteorological conditions. As demonstrated in Eq. (2), our log–log 
model leads to the identification of elasticity for the two significant 
macro factors, with a particular emphasis on university education. The 
significance of this paper extends beyond being merely the first 
quantitative analysis of the key metric defined in the National Fitness 
Plan. The insights provided offer guidance on more effective resource 
allocation strategies for the Chinese path to modernization and could 
influence the formulation of China’s 15th Five-Year Plan.

The first obvious question is whether the observed statistical 
correlation, especially between educational attainment and 
participation in sports, reflects a genuine causal relationship. In our 
view, educational attainment plays a critical role in determining 
exercise habits. This view is supported by a large body of empirical 
research. Here, we provide just a handful of examples from studies 
conducted in China. Hui and colleagues found that diabetic adults 
with a university education not only had a better understanding of 
physical activity but also participated in it more frequently (34). 
Similarly, Li and colleagues conducted a 4-year cohort study to 
investigate the risk factors for physical inactivity. Their research found 
that, compared to those with a university education, the population 
with only a primary school education were 2.36 times more likely to 
lead a physically inactive lifestyle, while those with a middle/high 

TABLE 3 Estimates of coefficients from the GWR model.

Administrative 
region

βecon. βedu. Local R2

Beijing 0.039 0.167 0.466

Tianjin 0.038 0.166 0.461

Hebei 0.039 0.167 0.464

Shanxi 0.040 0.169 0.468

Inner Mongolia 0.043 0.170 0.485

Liaoning 0.037 0.163 0.456

Jilin 0.039 0.163 0.464

Heilongjiang 0.046 0.164 0.487

Shanghai 0.030 0.161 0.424

Jiangsu 0.032 0.162 0.434

Zhejiang 0.030 0.160 0.417

Anhui 0.033 0.163 0.434

Fujian 0.029 0.160 0.406

Jiangxi 0.032 0.162 0.418

Shandong 0.036 0.164 0.449

Henan 0.037 0.166 0.451

Hubei 0.037 0.166 0.442

Hunan 0.035 0.164 0.428

Guangdong 0.031 0.160 0.397

Guangxi 0.036 0.163 0.410

Hainan 0.031 0.155 0.352

Chongqing 0.039 0.168 0.449

Sichuan 0.043 0.172 0.462

Guizhou 0.039 0.166 0.434

Yunnan 0.042 0.168 0.429

Tibet 0.051 0.194 0.461

Shaanxi 0.041 0.170 0.468

Gansu 0.047 0.178 0.496

Qinghai 0.049 0.182 0.494

Ningxia 0.044 0.173 0.482

Xinjiang 0.053 0.216 0.504

β, coefficient; eco., regional GDP; edu., population with a university education.
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school education were 2.13 times more likely to be  inactive (35). 
Moreover, an analysis of four national surveys on fitness-for-all 
activities revealed a decline in regular exercise among individuals with 
lower levels of education (i.e., primary and middle school). In contrast, 
the most significant increase in regular exercise was seen among 
individuals holding a master’s degree or higher (36).

Regarding the impact of the economy on the demographic 
dynamics of sports participation, established theories provide 
insights (8). Two principal theories explain the role of education in 
this context. The first theory suggests that education leads to a shift 
in health perception, thereby influencing an individual’s lifelong 
attitude toward well-being (37). We refer to it as the education-
health conscientiousness pathway. The second theory emphasizes 
the link between an individual’s economic status and their 
education. According to this view, educational attainment directly 
affects employment prospects, which in turn shapes the individual’s 
economic base (38). This relationship is termed the education-
employment pathway here. Additionally, a third perspective 
integrates both of the aforementioned theories. We propose that 
university education not only fosters a heightened awareness of 
health during one’s academic years but also paves the way for 
wealth accumulation in the future. This holistic view underscores 
the multifaceted impact of education on both health consciousness 

and economic security, suggesting a synergistic effect on 
sports participation.

Two important aspects need emphasis. Our combination model 
demonstrates that educational attainment, particularly at the 
university level, significantly impacts regular exercise participation 
compared to tertiary education. This implies that obtaining a 
university degree increases the likelihood of engaging in physical 
exercise throughout one’s life. Tertiary education encompasses formal 
university academic programs and vocational programs preparing 
individuals for the workforce. In China, vocational education lasts 
5 years, including 3 years of high school education, while university 
education spans 4 years. Though vocationally educated individuals 
may have less exposure to non-vocationally related health education 
programs due to a two-year education gap, we believe that education’s 
influence primarily stems from the education-employment pathway 
mentioned earlier. Evidence suggests concerning education quality 
among vocational school students, with their career prospects not 
matching those of university graduates (39). Consequently, changes 
brought about by vocational education may only meet basic living 
needs, limiting an individual’s overall future development. Further 
investigation is necessary to validate our hypothesis.

Furthermore, priority for future intervention should be given to 
the western part of China, specifically the area west of the Hu Line. The 

FIGURE 2

Spatial distribution of GWR model coefficients. The main map highlights the marginal effect of university education on China’s regular sports 
population, while the scaled map illustrates the marginal effect of regional GDP. The magnitude of the coefficients is shown by the gradient green 
color: the darker the shade, the greater the coefficient. The Hu Line is represented by the blue line.
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Hu Line, first delineated by Prof. Hu Huanyong in 1935 (33), serves as 
the demarcation line for China’s population distribution. Despite facing 
nearly a century of scrutiny, it continues to be supported by a wealth of 
economic development data. Economic growth east of the Hu Line is 
significantly more diverse compared to the western region due to 
differences in environmental conditions and population distribution. 
Our findings indicate that sports development also aligns with the Hu 
Line. According to our model, the western part of China lags behind 
other regions in terms of both economic development and educational 
attainment. From a policy-making perspective, our findings suggest 
that relying solely on sports policy will not immediately address the 
disparity between the east and west. Instead, it is crucial to prioritize 
national-level economic development, particularly the promotion of 
science education, to bring about meaningful change.

While our analysis does not demonstrate a significant relationship 
between sports resources and the regular exercise population, it is still 
valuable to discuss the underlying causes. We argue that two factors 
contribute to this occurrence. Firstly, sports resources are primarily 
allocated to urban areas (40). According to the findings of the Seventh 
National Population Census, more than one-third of China’s 
population resides in rural areas. Therefore, the per capita sports area 
does not accurately reflect the quantity of sports resources available to 
the rural population. Additionally, while the availability of sports 
venues is essential for promoting fitness-for-all activities, the 
economic foundation, particularly time resources, also plays a crucial 
role in influencing individuals’ inclination to use sports venues. The 
consumption of non-essential sports is influenced by income (41), 
meaning that having more sports resources may not necessarily lead 
to increased use of sports venues in areas with significant wealth gaps. 
Moreover, research indicates that exercise participation declines 
significantly when sports venues are located more than 10–15 min 
away from one’s residence (31). Thus, the availability of sports 
resources does not effectively contribute to the growth of China’s 
regular exercise population at the current stage. Chinese authorities 
are aware of this issue, and the current National Fitness Plan prioritizes 
the establishment of 15-min community fitness circles. The 
penetration rate of community gyms in Changsha, as demonstrated 
by our HEHA CAT Fitness model, is five times greater than that of 
traditional gyms (42). Future research could potentially validate the 
correlation between the regular exercise population and the number/
length of greenway trails since fitness walking is the most common 
physical exercise in China.

It is also useful to discuss the goodness of fit of the model. This 
paper aims to present an explanatory model, making the R2-value 
irrelevant for this purpose. Through GAMLSS analysis, we showcase 
the ability to overcome the limitations of standard OLS fitting using a 
modern regression approach, which is valuable for predictive models. 
However, it is worth noting that in Southern China (i.e., Guangdong, 
Guangxi, and Hainan), the R2-value was notably lower than the national 
average. In Hainan, it was more than two standard deviations below the 
average. Notwithstanding that additional factors may affect exercise 
participation in these regions, an inherent limitation of the 
methodology used in this study may prevent us from reaching an 
accurate conclusion, at least within a few local extreme contexts. 
Specifically, even though we believe the observed relationships, such as 
the effect of educational attainment, may indicate a genuine cause-and-
effect relationship, our theoretical model can only establish correlations 
with exercise behaviors in strict statistical terms. Put simply, neither the 

local GDP nor university education can be considered determinants of 
China’s regular exercise population. Similarly, we cannot rule out the 
existence of a true causal relationship between meteorological 
conditions and regular exercise participation. Using the aforementioned 
R2-value outliers as an example, we hypothesize that high temperatures 
may be a potential cause of this occurrence locally. In Chinese culture, 
individuals often avoid exercising under direct sunlight. Given that 
these three regions experience the highest number of sunshine hours 
in China, they are likely affected by intense sunlight. This suggests that 
the impact of climate on exercise habits may vary (22), and extremely 
high temperatures influence the level of physical exercise most among 
the Chinese population. Further empirical research is necessary to delve 
deeper into our hypothesis.

Moreover, although this study analyzed a large amount of high-
quality meteorological data, the regular exercise population data was 
based on government surveys instead of empirical data. Hence, there 
could be  discrepancies compared to results from controlled 
experimental studies. Indeed, although this study did not find any 
influence of haze days or dust and sand storm days on regular exercise 
participation, other empirical studies suggest that both of these 
meteorological conditions negatively impact individual-level exercise 
participation (43). Nevertheless, although research into sports 
participation has burgeoned in the past decade in China, this is the 
first study that attempts to explain the macro factors influencing 
regular exercise participation. Despite the methodological limitation 
and concerns about data quality, the main conclusions are in line with 
existing theories observed in other countries (8, 15) and contribute 
theoretically to the literature from the world’s second most populous 
developing country.

5 Policy outlook

In developing the National Fitness Plan, our model not only offers 
a reasonable explanation but also provides the elasticity of the 
variables. The global model indicates that the economy has a marginal 
effect of 0.048, whereas university education has a marginal effect of 
0.173. Assuming China’s economy continues to grow at an annual rate 
of 5%, the regular exercise population can increase by 0.24% annually, 
all else being equal. Based on data from two national population 
censuses, the proportion of university students relative to the total 
population increased from 3.71% in 2010 to 7.43% in 2020 (32), 
representing an annual growth rate of approximately 7.19%. If this 
growth rate remains constant, the university education will lead to a 
1.24% annual increase in the regular exercise population, all else being 
equal. It is evident that the development of university education is 
more effective in increasing the regular exercise population. Regarding 
sports policy, there are two options contingent upon these distinct 
mechanisms. If the education-health conscientiousness pathway is in 
play, the National Fitness Plan should prioritize promoting the 
proactive health concept, particularly by expanding the number of 
social sports instructors. We propose utilizing government-funded 
social financing to provide each community with a dedicated social 
sports instructor (3). However, in the second scenario where the 
education-employment pathway is in play, there are currently no 
viable tools for sports policy to influence university education’s impact.

This paper, while focused on sports, underscores the significance 
of university education in enhancing population quality and boosting 
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China’s global competitiveness. The United States Census Bureau 
noted in 2021 that 37.9% of Americans aged 25 and older had earned 
a university degree (44). In contrast, data from the Seventh 
Population Census shows that only 10.4% of Chinese aged 25 and 
above hold a university degree (32). As China navigates its economic 
transition, it appears to have reached the point of diminishing returns 
with its early WTO-era (2001–2021) economic model, which was 
fueled by globalization and currency arbitrage. The economic 
slowdown observed since 2022 suggests that China is still in the 
process of adapting to new macro-political environments. In an era 
where efficiency and productivity improvements are increasingly 
driven by automation, China must shift away from low-quality 
economic growth to focus on efficiency. This transition is expected to 
lead to higher and more predictable margins, enhancing China’s 
economic position globally. Therefore, incorporating the expansion 
of university education into the 15th Five-Year Plan could provide 
China with a robust intellectual foundation and support Xi Jinping’s 
vision of creating new quality productive forces. This move would 
strengthen the sustainability of its economic development in the 
post-WTO era, setting the stage for a future where China’s economy 
is more innovation-driven.

6 Conclusion

Using OLS and GWR, we are the first to present evidence that 
economic development and educational attainment probably drive 
China’s regular exercise population. We show that the inequalities in the 
development of the National Fitness Plan also align with the classic Hu 
Line, with West China generally lagging in regular exercise participation 
due to these two factors. Considering that higher education influences 
personal economic prosperity and regional economic development, it 
can be said that disparities in China’s regular exercise population mirror 
differences in educational literacy. More importantly, our log–log model 
for the first time identifies the elasticities of regional GDP and the 
proportion of the population with a university education, indicating that 
the marginal effect of university education is more pronounced in the 
Chinese context. These results hold significant practical value for 
drafting effective resource allocation policies.

Laozi’s wisdom, “In the pursuit of learning, every day something 
is acquired” underscores the concept of lifelong education. We contend 
that access to university education is a fundamental right that should 
be  extended to all young people, beyond the narrow focus on 
employment outcomes. Such a focus promises to generate a cascading 

effect, progressively benefiting all facets of Chinese society by fostering 
a more educated and healthy populace capable of driving innovation, 
economic resilience, and social well-being.
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The ageing population creates concerns and challenges worldwide. The large
number of older adults (aged over 65) in Hong Kong continues to rise as
people live longer. This may result in heavy burdens on public services and
problems such as a shortage of medical resources. The purpose of this study
is to implement a physical literacy-based intervention among older adults in
Hong Kong in order to achieve the goal of health promotion. A two-arm
cluster randomized controlled trial will be employed in this proposed study.
Ten daycare centers for the older adults in Hong Kong will be invited to
participate in this study. The intervention group will receive functional fitness
training and mastering physical literacy class twice a week with buddy peer
support, and they will be asked to keep a reflective writing journal on a daily
basis for 12 weeks in total. Participants will be evaluated at baseline (week 0),
post-intervention (week 12), and at 6-week follow-up (week 18). This will
consist of objective and self-reported measures covering elements within
physical literacy (i.e., physical competence, motivation and confidence,
knowledge and understanding) and also physical activity levels on an individual
basis. The study intends to introduce a conceptual framework of physical
literacy for the older adults through an intervention that allows older people to
develop daily behaviour habits, which should promote active ageing for the
older adults and greater self-esteem in later life. After this study, participants
may share their positive experiences, and encourage their peers in the
community to become physically literate in the future. In the long run, due to
the feasibility and sustainability of these potential programs, this proposed
study has the potential to connect seniors through social engagement and
contribute to healthy living. Clinical trial approval from the National Library of
Medicine (Reference number: NCT06137859).

KEYWORDS

physical literacy, older adults, randomized clinical trial, study protocol, Hong Kong

Introduction

The global phenomenon of an ageing population presents a myriad of concerns

and challenges, demanding attention and proactive measures worldwide. However,

despite this pressing issue, scant attention has been paid to the development of

physical literacy among older adults, both globally and specifically within the
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unique context of Hong Kong. Older adults continue to

age, and the global population aged 65 years or above will

increase significantly from 10% in 2022 to 16% by the end of

2050 (1). Particularly by 2050, the percentage of people

aged 65 years or above is projected to account for 40.6% of the

total population in Hong Kong which makes Hong Kong

the highest share of people aged 65 or above in the world (1).

The burden on public services and the strain on medical

resources could be alleviated by promoting initiatives and

programs aimed at fostering healthier, more independent, and

active lifestyles among older adults in Hong Kong.
Embracing the concept of physical literacy
among older adults

Central to this endeavor is the concept of physical literacy,

which encompasses “the motivation, confidence, physical

competence, knowledge, and understanding necessary for

individuals to value and take responsibility for engaging in

physical activities throughout their lives” (p. 8) (2). While

initially rooted in educational discourse as far back as 1938, the

concept of physical literacy has garnered renewed attention and

acceptance, transcending disciplinary boundaries and gaining

global recognition (3). Unlike traditional notions of physical

activity, strength, or fitness, the concept of physical literacy

acknowledges the holistic nature of human embodiment,

encompassing the physical, cognitive, and affective domains. A

physical literacy journey refers to an individual’s ongoing

commitment to the continuous physical activity participation,

and it underscores the lifelong journey of acquiring and

maintaining a disposition towards physical activity, regardless of

age or innate abilities (4). Therefore, the development of physical

literacy is the culmination of a lifelong endeavor and beneficial

for all the older adults (5).
The role of physical literacy in
healthy ageing

For older adults, cultivating physical literacy is especially

crucial as it enables them to effectively navigate the physical

challenges associated with ageing, injury, and chronic disease,

thereby maintaining independence and functional autonomy

for an extended period (6). Older adults who are physically

literate can adapt to challenges associated with injury, chronic

disease, and aging, thereby engaging in continuous

participation in physical activity compared to those who

engage in less physical activity. Through the lens of physical

literacy, successful ageing entails adeptly adjusting and

modifying activities, optimizing motivation and enjoyment of

movement, and sustaining higher levels of functioning across

all dimensions (7). Thus, initiating an active lifestyle early on

not only preserves independence but also contributes to overall

well-being across the lifespan, aligning with the goal of

promoting healthy ageing (2).
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Significance in the development of physical
literacy, health promotion and gerontology

This study seeks to introduce a conceptual framework of

physical literacy through a Physical Literacy-Based

Intervention (PLBI), aimed at fostering good exercise habits

and daily behavioral routines among older adults. By tailoring

interventions to individual physical literacy journeys and

lifestyles, this approach offers a meaningful pathway towards

active ageing, empowering older adults to realize their

potential for physical literacy in later life. Additionally,

evidence suggests that group exercise promotes better physical

and mental health among older adults, highlighting the

potential for community-wide benefits from such interventions

(8). Peer support among older adults will also encourage each

other in the community to engage in physical activity in the

long run. Meanwhile, as the concept of physical literacy has

been vaunted as a key component in the establishment of

lifelong adherence to physical activity, it is important to

implement a physical literacy-based intervention for older

adults. McLennan and Thompson (9) also espouse that

physical literacy is the foundation of quality physical

education. The development of physical literacy is the most

influential variable with respect to physical health

improvement. The proposed research, therefore, aims to

implement a PLBI including functional fitness training and

mastering physical literacy class, buddy peer support, and

reflective writing for the development of motivation,

confidence, physical competence, knowledge and

understanding under the concept of physical literacy to achieve

the goal of health promotion. This will add an effective

comprehensive assessment and the charting of physical literacy

for older adults. In the short term, this study will lead to a

convenient and powerful program and assessment tool that can

be used by older adults centers and older adults fitness trainers

and assessors. In the long term, this research will benefit the

general public, in particular, communities of older people by

encouraging their participation in physical activity. When

framing the proposed model to chart physical literacy for older

adults, this program and measurement system may be adopted

in older adults and ageing population in the future studies.
Objectives of study

The study will aim to (1) develop and implement a PLBI

including functional fitness training, mastering physical literacy

class, buddy peers support, and reflective writing for older adults

in Hong Kong; (2) explore physical literacy (physical

competence, daily behavior, knowledge and understanding, and

motivation and confidence) among the older adults in Hong

Kong; (3) examine the effectiveness of a PLBI in terms of

changes in physical literacy development among older adults in

Hong Kong; and (4) add information to the literature of physical

literacy, gerontology, and public health in the Asian context

of Hong Kong.
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TABLE 1 The PLIRT checklist.

Item Nr. Description Location in the
paper and/or
comment

Title
1 Highlight the role of PL in the title

Background and definition
2 Describe the relevance of PL for the target

population/group/individual

3 Explain your conceptualization of PL and refer to
a holistic definition of PL

4 Formulate PL-related goals/aims of your study

Assessment
5a If quantitative: Choose a multidimensional

assessment strategy of PL and provide
information about psychometric properties

5b If qualitative: Develop a qualitative method that
closely aligns with PL theory and the different
domains

Design and content
6 Ensure that your interventional approach is in line

with PL-compatible philosophical assumptions

7 Mention the intervention provider(s), describe
his/her/their expertise specific to PL, and any
specific training given

8 Report in detail intervention content related to
all PL domains

9 Explain whether and how you realized the
integrative arrangement of content/techniques

10 Consider general guidelines for intervention
reporting

Evaluation
11 Describe how the PL intervention was accepted

and/or whether it was implemented as intended
(modifications, fidelity, compliance, adherence)

12a If quantitative: Report transparently how the

Sum et al. 10.3389/fspor.2024.1392270
Hypothesis

We hypothesize that after the intervention and follow-up:

(1) The increase in physical competence of participants in the

intervention group will be greater than their counterparts in

the control group.

(2) The increase in physical activity engagement levels of

participants in the intervention group will be greater than

their counterparts in the control group.

(3) The increase in self-reported physical activity levels,

knowledge and understanding, physical literacy, and

motivation and confidence of participants in the

intervention group will be greater than their counterparts in

the control group.

Methods and materials

The Physical Literacy Interventions Reporting Template

(PLIRT) (presented in Table 1) has been established to support

researchers and practitioners in planning, reporting, and

interpreting physical literacy-based intervention (10). It was also

designed to meet only the specificities of the physical literacy

concept. In this regard, this study protocol will be guided by the

PLIRT for the reporting of study results. The proposed study has

been granted clinical trial approval from the National Library of

Medicine (Reference number: NCT06137859) and ethical approval

from the Survey and Behavioral Research Ethics Committee of

the Chinese University of Hong Kong (Reference number: SBRE-

21-0353) to collect and distribute samples and data from

the participants.

different PL domains (and, if initially intended,
other relevant outcomes such as health) were
affected by the intervention

12b If qualitative: Characterize the strengths,
weaknesses, and challenges of your PL
intervention; the different PL domains may help
you structure the analysis and results

Discussion and conclusion
13 Discuss the limitations of your PL intervention,

especially whether (if yes, where and why) you
had to deviate meaningfully from your planned
conceptualization

14 Break down your experiences with the PL
intervention and derive sound recommendations
for future studies
Study design

A two-arm cluster randomized controlled trial will be

employed in this proposed study (see details in Figure 1).

According to the Social Welfare Department of Hong Kong,

there are 98 daycare centers for the older adults in 2023 (11).

Daycare centers for the older adults located in 3 regions in Hong

Kong will be invited to participate in the intervention. The

physical literacy-based intervention (PLBI) will be conducted for

twelve weeks.
PLIRT, physical literacy interventions reporting template; PL, physical literacy.
Sample size calculation

The required sample size is calculated based on the

hypothesized effect sizes, and the likely rates of participant drop-

out for the outcomes. The estimated sample size is 198 with an

effect size of 0.25, α of 0.05 and power of 0.95 (12). With the

anticipation of a 20% participant drop-out rate, this led to a

required number of 120 participants per group. Therefore, 10

daycare centers for the older adults in Hong Kong will be invited

to participate in this study.
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Participants

Inclusion criteria will be: (1) those aged 65 to 74 years old who

are registered in a daycare center/unit for the older adults in Hong

Kong, (2) the ability to walk eight meters without assistance (13),

and (3) able to read and write. Exclusion criteria will include (1)

neurological disease which impairs mobility, cardiovascular

disease which results in shortness of breath or angina on walking

up one flight of stairs, and (2) cognitive impairment.
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FIGURE 1

Flow diagram for the PLBI intervention using CONSORT guidelines for RCT.
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Participants’ cognitive function will be screened by the Chinese

Mini-Mental State Examination (14, 15), and those who score

below 24 will be excluded.

The research team will randomly send a series of email messages

and invitation letters to daycare centers in accordance with their

district via a computer-generated randomization sequence

(GraphPad Software, Inc.) by a statistician who is blinded to the

allocation of participating daycare centers. After the daycare centers

agree to participate, a leaflet package, which describes the

theoretical background, timeframe, and main objectives/learning

goals, will be delivered to the staff of daycare centers. Then an

introductory meeting with staff will be held to illustrate practical

details related to the intervention. The proposed program will be

publicized in the participating daycare centers through posters and

pamphlets, where the efficacy and benefits of PLBI will be briefly

outlined. Recruitment will follow by setting up counters supported

by the staff in the participating centers. Those who express interest

will have their eligibility screened through a short questionnaire

based on the inclusion and exclusion criteria. More detailed

information about the study will be given to the eligible

participants. Written informed consent will be obtained.
The descriptions of PLBI

The proposed study has adopted the draft Australian Sports

Commission Physical Literacy Standard as a PLBI guideline
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within four domains (physical, psychological, social and

cognitive), which could be applied throughout the course of an

individual’s life (16). Since little is known about the development

of physical literacy among the older adults of Hong Kong and

elsewhere in the world, the present study proposes to use a PLBI

for developing physical literacy and to chart the physical literacy

level among older adults in Hong Kong. In this connection, the

following PLBI program and activities have been designed in the

intervention of this proposed study.

Part 1: weekly-based functional fitness training
In this proposed study, participants will receive a 12-week

duration of functional fitness training in daycare centers, which

will be implemented twice a week (one during the week, another

one at the weekend). Table 2 demonstrates a 12-week functional

fitness training program specifically designed for older adults.

The program incorporates the FITT principle (Frequency,

Intensity, Time, and Type) to ensure an effective training

experience. The exercises included in the program emphasize

low-impact movements to minimize joint stress, and the

progression is gradual to allow for adaptation and improvement

over time. A further important issue that will be mentioned is

related to ensuring the safety of older adults during the whole

intervention, which will emphasize the process-oriented

outcomes and encouragement to participation, rather than the

product-oriented assessments. Meanwhile, the main goal of

functional training is to improve the range of joint motion,
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TABLE 2 12-week functional fitness training program for older adults.

Week Frequency
(days/week)

Intensity
(RPEa)

Time
(minutes)

Type of exerciseb

(low-impact exercise)
Progression

1 2 3–4 30–60 Stretching, seated exercises, gentle cardio training Focus on learning proper form and technique,
gradually increasing duration.
Add one additional training item if deemed appropriate.

2 30–60 Stretching, seated exercises, gentle cardio training

3 30–60 Stretching, gentle upper-body muscle and cardio
training

4 4–5 40–60 Revision of the previous session Increase intensity slightly on the RPE scale.
Increase exercise time by 10 min.
Add one additional training item.

5 40–60 Same as the previous session, add brisk walking
and dance movement

6 40–60 Same as the above, jogging and dance movement

7 5–6 50–60 Revision of the previous session Increase intensity slightly on the RPE scale.
Increase exercise time by 10 min.
Add one additional training item.

8 50–60 Same as the previous session, add lower-body
muscle training

9 50–60 Same as the above

10 6–7 60 Revision of the previous session Increase intensity slightly on the RPE scale.
Increase exercise time by 10 min.
Maintain intensity and exercise time.

11 60 Same as the previous session, add sensory
integrative training

12 60 Same as the above

aRPE, rate of perceived exertion scale, where 1 represents very light intensity and 10 represents maximal exertion.
bType of Exercise: The training program will be modified according to participants’ adaptability and capability.
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increase muscle strength and flexibility, and boost blood circulation

in a safe and acceptable manner. Therefore, symmetry training

together with cardiovascular training is the core of the training

program. Examples of the main training activities include cardio-

full-body exercises (e.g., move adherence to the music training,

including running, jogging, dancing movements, etc.), upper

body exercises (e.g., bench press, rowing and lifting), lower body

exercises (e.g., squatting and lateral hurdle jumps with tap-

sensitive pods) and sensory integrative training (e.g., shooting

training with an electronic sensory wall).

Part 2: mastering physical literacy class
A 30-min mastering physical literacy class program will be

conducted by experienced older adults health and fitness

instructors after the weekly-based functional fitness training. This

program aims to enhance the knowledge and understanding of

physical literacy. Referring to the newly developed consensus

statement (17), the mastering physical literacy class includes the

following five domains related to the relationship with movement

and physical activity throughout life:

(i) Why physical literacy matters—improves health, well-being

and quality of life.

(ii) Understanding physical literacy—value, enjoy and engage in

physical activity for life.

(iii) Everyone’s physical literacy is different—their individual

needs and experiences of movement and physical activity.

(iv) Building physical literacy—think, feel, move and connect

with others.

(v) How experience affects physical literacy—people, places and

spaces around us.

Part 3: daily-based reflective writing
Evidence has shown that daily-based reflective writing method

has the therapeutic benefits of emotional disclosure, not only
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among adults with chronic illness but also in healthy older

adults (18). At the end of the baseline stage of this proposed

study, each participant of the intervention group will receive a

template notebook for daily-based reflective writing. The

required columns consist of the daily diet, physical activity,

mood and sleep quality. Participants will be required to write

down their behavior in this notebook daily. In each week’s

functional training course, there will be a life-sharing session,

where the participants will be reminded to bring their

notebooks and share their daily activities with others. They will

receive feedback, advice and encouragement from the instructor

and each other. The notebook will be collected during the last

week of the intervention.
Part 4: buddy peers support group
The buddy peers support group introduced in this program

may greatly increase social support which will be shown to be a

key determinant of adherence to the exercise programs and

create a commitment to achieve specified levels of physical

activity (19). Therefore in this proposed study, peer-support

groups with buddy members will be arranged in each daycare

center. Three pairs of buddies and hence about 6 participants

will be formed per group. A total of 6 buddy pairs and 2 groups

will be formed per daycare center. Buddy peers will encourage

each other to do functional exercises regularly or to perform

functional exercises together. The time and place for the

practice will be decided among buddy members. A member in

each group will be nominated as the leader to assist in the

liaison and coordination of group activities. The group will

perform weekly group-based functional exercises, and the time

and place for the practice will be decided among group

members. The group will be encouraged to hold monthly

gatherings with their fitness instructor in order to strengthen

social support.
frontiersin.org

https://doi.org/10.3389/fspor.2024.1392270
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Sum et al. 10.3389/fspor.2024.1392270
Control group

Participants will follow the inclusion and exclusion criteria of

the PLBI group. Participants will not receive PLBI intervention

treatment. However, participants in the control group will be

given the same treatment (program and activities) after all data

has been collected.
Outcome measures

This study will adopt both objective and self-reported measures

to cover the elements and domains of physical literacy. Participants

will be evaluated at baseline (week 0), post-intervention (week 12),

and at a 6-week follow-up (week 18). All of them will be conducted

at daycare centers for the older adults. The self-reported

measurements will be administered by research assistants while

the objective measurements will be performed by certified

physical fitness assessors and health professionals who are

blinded to the randomization for avoiding bias.
Objective measure (primary outcomes)
Physical competence
The Short Physical Performance Battery (SPPB) will be used to

measure the physical competence within the physical literacy of

older adults (20). Huang et al. (15) suggested using a combined

and comprehensive kit of assessment tools to measure physical

competence, and the SPPB was reported to be able to measure

complex capabilities with excellent test-retest reliability, especially

in community-dwelling older adults. It is a group of measures

that combines the results of the gait speed, chair stand and

balance tests, which consist of balance, a timed eight-foot walk

and chair stands. The scores range from zero (worst

performance) to 12 (best performance). It has been used as a

predictive tool for possible disability and can aid in monitoring

function in older people. The reliability of SPPB has been

reported as ICC = 0.75–0.89 for all measures.

Daily behavior
Accelerometers (Actigraph wGT3X-BT) will be used to measure

the physical activity engagement levels of participants, and are

categorized as sedentary, light, moderate and vigorous. Data will

be collected in 60 s epochs to account for older adults’ natural

activity levels, as it has been shown to present the most

acceptable classification accuracy for accelerometer use among

older adults (21). The cut-points developed by Aguilar-Farías

et al. will be applied to identifying intensity levels (21).

Participants will wear accelerometers at the waist to measure

their physical activity engagement levels for at least 8 h per day,

for seven consecutive days.
Self-report measures (secondary outcomes)
Demographic information
Demographic information including age, gender, body mass index

(BMI), height and weight, education, and socio-economic status
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will be included in the starting part of the questionnaire set, in

order to acquire personal characteristics for further analysis.

Daily behavior
International Physical Activity Questionnaire—short form is the

short version of the International Physical Activity Questionnaire

used to measure self-reported physical activity levels. They will

be required to report on the total duration of different types of

physical activity which lasted at least 10 uninterrupted minutes

in the last 7 days. Example item included: During the last 7 days,

how many days did you do vigorous physical activities?

Knowledge and understanding
Montreal Cognitive Assessment (MoCA) is a 30-question brief and

sensitive test used for detecting Alzheimer’s disease and measuring

executive functions and multiple cognitive domains. It is widely

adopted for older adults and will be used to analyze its

association with the knowledge and understanding of physical

literacy among older adults. MoCA-B is a revised MoCA test.

The Chinese Version of MoCA-B tests nine cognitive domains

(executive function, language, orientation, calculation, conceptual

thinking, memory, visual perception, attention, and

concentration), and has been reported as a reliable cognitive

screening test across all education levels in Chinese older adults

(22), with high acceptance and good reliability.

Physical literacy
The perceived Physical Literacy Instrument (PPLI) is a 9-item

instrument which is used to measure the perceived physical

literacy of different individuals (23, 24). Three sub-scales are

“sense of self and self-confidence”, “self-expression and

communication with others” and “knowledge and understanding”

which were identified as key attributes of physical literacy (4).

Participants responded to the instrument on a 1 to 5 Likert scale

(1 = strongly disagree and 5 = strongly agree). Sum et al. (23)

confirmed that the three-factor validity (RMSEA = 0.08; CFI =

0.94 and SRMR = 0.04) and convergent validity (CR = 0.72–0.78;

AVE = 0.43–0.54) of the PPLI was satisfactory.

Motivation and confidence
Perceived Well-being Scale (PWB) contains 14 items with 7 points

which will be used to measure participants’ motivation and

confidence (25). It is a short and convenient measure for use

with community-based and institutionalized older adults.

Example items include: (a) I am often bored (psychological well-

being); (b) I am in good shape physically (physical well-being).

The validity of PWB is sufficiently high to justify being used

with the older adults, in particular in longitudinal and

intervention studies.

Buddy peers support
A 5-item Friend Support for Exercise Habit Subscale of the

validated Social Support for Diet and Exercise Behavior Scale will

be used (26). Five questions are “exercise with me”, “offered to

exercise with me”, “gave me reminder to exercise”, “gave me

encouragement to stick with my exercise program”, and

“changed their schedule so we could exercise together”.

Participants responded to the instrument on a 1 (none) to 5
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(very often) Likert scale. Sallis et al. (26) confirmed that the sub-

scales are with high acceptance and good reliability.
Data analysis

SPSS version 28 for Windows will be used for data analysis.

Internal consistency reliability coefficients (Cronbach alpha) will

be calculated for all sub-scales within the psychometric

questionnaires. A cut-off score of 0.7 will be used to determine

acceptable reliability. Descriptive statistics (means and standard

deviations) will be calculated for participants’ primary and

secondary outcomes (objective and self-reported) at three-time

points. Multilevel modelling methods were used to account for

the clustered nature of the data. Specifically, we used three-level

(time within older adults within day care centre) regression

analyses to examine the effects of group (experimental vs.

control), time (baseline, post-test and follow-up), and the group–

time interaction (i.e., “intervention effect”) on the primary and

secondary outcomes. Covariates such as age, gender, BMI,

education, and socio-economic status will be included in the

analysis. Bonferroni post hoc analyses will be conducted to

determine contributing factors to the significance of F values,

and the confidence level will be set at 95% to maintain statistical

reliability for all the analyses.
Evaluation plan

At post-intervention, a group of 8–12 participants will be

contacted to explore their experiences in participating in the

intervention through the in-depth interviews, the level of

satisfaction with the intervention, and the barriers and expediters

in performing the PLBI as instructed. Daily-based reflective

writing will also be material for evaluation analysis. The reasons

why participants dropped out of the study will also be recorded.

Additionally, participants will be invited to fill in a process

evaluation survey which assesses their level of involvement and

level of satisfaction with the intervention.
Discussion

The proposed study will demonstrate the effectiveness of the

development of physical literacy for older adults in Hong Kong.

The project hypothesizes that higher levels of physical literacy are

supposed to provide benefits both for individuals and social

groups, and meantime it does not require large and complex

equipment through the easy access of all the facilities. The

above-mentioned PLBI mainly addresses several components

within physical literacy through functional fitness training,

mastering physical literacy class, buddy peer support, and

reflective writing, while the target group was the focus of older

adults. This aligns three key constructs being emerged with the

need for purposeful activities, knowledge of age-related changes
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and social interactions identified in the previous integrative

review of framing physical literacy for older adults (27).

In the current proposed study, we aim to explore specific

physical literacy tasks (in regard to physical competency, daily

behavior, knowledge and understanding, and motivation and

confidence) among older adults in Hong Kong. Moreover, it is

aimed to examine the effectiveness of the PLBI in terms of

changes in physical literacy levels among older adults in Hong

Kong. We believe such strategies could be tailored for this

population by adding novel information to the literature on

physical literacy, gerontology, and public health in the Asian

context of Hong Kong. In the long run, the project has the

potential to sustain and expand. With the informing policy on

the care of older adults, there may be more functional fitness

training centers designed and implemented in the community,

which could relieve the government’s heavy burden on social

services provision and limited healthcare resources. Such

strategies could work as compelling approaches to continue to

contribute to the whole society’s social cohesion.

While only one study adopting a non-cluster randomized

controlled trial to evaluate holistic exercise training for ageing

adults utilized physical literacy as the guiding framework when

designing the intervention, their focus was not on older adults

but rather on the inactive community-dwelling adults to improve

their physical literacy (15). The current study provides a

comprehensive design and exhaustive assessment protocol for

improving their functional performances to resist ageing. Further,

this would aim to assist self-monitoring, goal setting, and

behavior change underpinning the concept of physical literacy

among older adults. It is of great significance for future practical

implementation that employing an appropriate approach to

evaluate physical literacy for older adults (28), which is not only

concerned with the holistic nature of the physical literacy journey

but emphasizes its contribution towards healthy ageing that

could link the concept of physical literacy and rehabilitation for

older adults. As echoed with the recent integrative review (27),

implementing rehabilitation exercises in adherence to the

promotion of physical literacy, the thematic analysis has already

presented evidence of identifying shared constructs that optimal

function and mobility should be more valued than rehabilitation

exercises themselves among older people.

This proposed protocol adds value to the limited literature on

elaborating physical literacy as the conceptualized framework for

implementing research among emerging adults and older adults

(29), by highlighting the key components that are central to

physical literacy for this vulnerable population. Future physical

literacy interventions should be designed with a special focus on

identifying the key components (i.e., acquiring motivation and

confidence to the engagement in meaningful physical activities,

obtaining knowledge of age-appropriate changes, and

understanding adaptive changes coherently, etc.), and determining

whether those components are important for optimal ageing.

Most importantly, it is needed to disseminate the information and

competent movement strategies through the promotion of the

proposed project and make more influence for the future potential.
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Study limitations

As a novel intervention in an emerging area of research, the

proposed PLBI design for employing a physical literacy project

among older adults in Hong Kong is more theoretical than

pragmatic due to limited literature to inform its real-world

implementation. Although this study adopts a cluster randomized

controlled trial design, the sample size calculation is based on the

individual level rather than the cluster level. This could affect the

power to detect differences between groups and limit the internal

validity of the results. Despite the fact that in-depth interviews

will be conducted with participants to evaluate the intervention,

the current design does not adopt a mixed-method approach to

data collection, this limits the depth of information that can be

gathered to understand participants’ experiences and the

contextual factors that influence the intervention’s effectiveness.

Such interpretation of the results should be treated with caution.

The study has limitations related to the novel intervention

design, sample size calculations and reliance on quantitative data.

Further refinement and pilot testing are needed to improve the

intervention before a large-scale trial. Despite these limitations,

the study aims to provide novel insights and inform the future

development of physical literacy interventions for older adults.
Conclusion

The proposed study is the first attempt at the development of a

PLBI for older adults in Hong Kong. This study is of significance

because physical literacy has a potentially powerful impact on

older adults’ sense of self and self-confidence, communication

with others, knowledge and understanding of physical activity,

and motivation and accomplishments, which are the core

constructs underpinning physical literacy. The proposed study

protocol will propose a theoretical model by which the

policymakers in Hong Kong or even worldwide assist health care

services for older people. In the meantime, the Social Welfare

Bureau can assist in supporting the implementation of the
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physical literacy project and promote the dissemination for older

adults. The proposed intervention design in this study may guide

the development of future programs in developing physical

literacy for older adults.
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Introduction: The relationship between coaches and athletes with disabilities is
critical for enhancing athletes’ performance and psychosocial well-being. This
study aims to provide evidence-based recommendations for coaches, sports
organizations, and policymakers dedicated to supporting athletes with
disabilities.
Methods: A comprehensive analysis of existing literature was conducted. Five
databases were searched, including PubMed, Web of Science, SPORTDiscus,
Google Scholar, and China National Knowledge Infrastructure. A total of 22
studies were included for thematic analysis.
Results: This systematic review identifies key factors influencing the coach-
athlete relationship in disabled sports. These factors are categorized into three
main domains: professional, interpersonal, and intrapersonal. In the
professional domain, effective coaching requires sport-specific skills and
adaptive techniques tailored to the unique needs of athletes with disabilities.
Coaches must understand the technical and tactical aspects of each parasport
and adapt training plans to optimize performance and foster independence.
The interpersonal domain emphasizes communication strategies and team-
building practices. Effective communication involves understanding athletes’
needs and adapting approaches to maximize strengths. Building rapport,
managing conflict, and fostering a supportive team environment are crucial
for maintaining a positive coach-athlete relationship. The intrapersonal domain
highlights the importance of self-reflection and continuous learning. Coaches
who engage in self-reflection and professional development better understand
their behaviors and biases, enabling them to tailor coaching strategies to the
specific needs of athletes with disabilities. Continuous learning is essential for
remaining responsive to the evolving needs of these athletes.
Discussion: This review underscores the importance of a holistic approach that
integrates professional expertise, interpersonal skills, and intrapersonal
awareness. By addressing these factors, it provides a foundation for developing
more effective coaching strategies and supports for athletes with disabilities,
ultimately enhancing their performance and well-being. Future research
should explore cultural differences, the specific coaching needs of athletes
with intellectual disabilities, and the impact of policies and structural barriers
on the coach-athlete relationship in disabled sports.
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Background

The relationship between coaches and athletes with disabilities

has garnered increasing academic attention due to the growing

participation of athletes with disabilities in sports (1, 2).

Understanding these interactions is essential for enhancing

athletes’ performance and psychosocial well-being (3, 4). Despite

the expanding body of literature, significant gaps remain in

comprehensively identifying the key factors that influence these

relationships, particularly within the context of disabled and

Paralympic sports (5). This systematic review aims to consolidate

existing research and provide evidence-based recommendations

for improving coaching practices (6).

Effective coaching in disabled sports requires a blend of

professional, interpersonal, and intrapersonal skills (3). These

domains are critical for organizing the factors influencing the

coach-athlete relationship, providing a structured approach

throughout the review. The professional domain encompasses

sport-specific skills and a deep understanding of disabilities,

requiring adaptive communication and training strategies

tailored to athletes’ needs. Key factors in this domain include

coaches’ attitudes toward disability, their ability to foster an

inclusive environment, and their proficiency in adaptive

coaching techniques (6). Adaptive coaching, particularly

within the Constraints-Led Approach (CLA), involves creating

practice environments that challenge athletes to find solutions

to motor problems. This method not only facilitates skill

acquisition but also promotes the athlete’s autonomy and

decision-making abilities, essential qualities in the high-stakes

world of Paralympic sports (7). The CLA positions the coach

as an active participant in the learning process, emphasizing

continuous interaction and dynamic adjustments based on

real-time feedback, thus adding complexity to the coaching

process.

The interpersonal domain focuses on the coach’s ability to

communicate and interact effectively with athletes and other

stakeholders. Effective communication strategies, team building,

and conflict management are pivotal in this domain,

underscoring the importance of mutual adaptation in the coach-

athlete relationship. This reciprocal process fosters a learning

environment where both the coach and the athlete continually

evolve, enhancing the quality of their interactions (7).

The intrapersonal domain involves the coach’s self-awareness

and capacity for self-reflection, including understanding their

behaviors and attitudes, engaging in continuous learning, and

pursuing self-improvement (3). Self-awareness is critical in

adaptive coaching, as it enables coaches to adjust their methods

in response to the evolving needs of athletes. This adaptability is

particularly vital in managing the complex environments typical

of disabled and Paralympic sports (8).

By maintaining a consistent focus on these three domains, this

review provides a coherent and integrated analysis of how these

domains influence coaches’ perceptions and interactions with

athletes with disabilities (5). For instance, a coach’s professional

expertise can impact their interpersonal communication, while

their self-awareness (intrapersonal domain) can influence their
Frontiers in Sports and Active Living 02105
ability to create an inclusive environment (interpersonal

domain). Addressing these gaps, particularly the integration of

disability theory into coaching methodologies and the challenges

related to accessibility and support, this review contributes to the

development of more effective coaching strategies (6, 9).

In summary, the relationship between coaches and athletes

with disabilities in disabled and Paralympic sports is crucial to

the performance and well-being of these athletes. Through a

comprehensive analysis of existing literature, this study

provides evidence-based recommendations for coaches, sports

organizations, and policymakers dedicated to supporting

athletes with disabilities. This review categorizes the factors

influencing the coach-athlete relationship into three key

domains: professional skills, communication strategies, and

self-reflection (1). These domains represent critical areas

where coaches’ perceptions and interactions are most likely to

impact the success and well-being of athletes with disabilities

(10). By examining these specific factors, this review lays a

solid foundation for developing targeted interventions

and support strategies for coaches working with athletes

with disabilities.
Method

Search strategy

This systematic review was conducted to identify relevant

studies examining the factors influencing the relationship

between disabled athletes and their coaches. A comprehensive

search strategy was designed to cover a wide range of sources to

ensure the inclusion of relevant literature. The search strategy is

aligned with the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines (11).
Databases and search terms

The following electronic databases were comprehensively

searched to identify relevant studies: PubMed, Web of Science,

SPORTDiscus, Google Scholar, and China National Knowledge

Infrastructure (CNKI). The search terms were developed based

on key concepts related to disabled athletes, coaching, and the

coach-athlete relationship. The search terms were combined

using Boolean operators (AND, OR) to ensure a systematic

search. The specific search strategy used was: (disabled athletes

[Title/Abstract] OR para-athletes[Title/Abstract] OR disabilities

[Title/Abstract] OR Paralympic Athletes[Title/Abstract] OR

Wheelchair Athletes[Title/Abstract] OR Intellectual Impairments

[Title/Abstract] OR Mobility Impairments[Title/Abstract] OR

Special Athletes[Title/Abstract] OR Sportspeople with Disabilities

[Title/Abstract] OR Parasport[Title/Abstract]) AND (coach-

athlete relationship[Title/Abstract] OR coach[Title/Abstract]).

The search strategy was applied to each database to retrieve

articles that matched the inclusion criteria.
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Inclusion and exclusion criteria

The inclusion criteria for this review encompass studies that

involve research on the relationship between disabled athletes

and coaches, including quantitative studies, qualitative studies,

case studies, and literature reviews. The population of focus is

on interactions and relationships between disabled athletes

and coaches. Articles published in English or Chinese were

included, with no restrictions on publication date, from the

inception of the database.

The exclusion criteria excluded non-academic literature such as

news reports, blogs, opinion articles, and other non-academic

publications. Studies not directly related to the relationship

between disabled athletes and coaches were also excluded, as

were duplicate publications of the same study or articles with

duplicate content. Studies for which the full text was not

accessible and those that did not pass peer review or had

significant methodological flaws were also excluded (12).
Data extraction

Data from the selected studies were systematically extracted

using a standardized form (Table 1) that captured essential

information, including the study title and authors, publication

year, study design and methodology, population characteristics

(e.g., types of disabilities and sports), key findings, factors

influencing the coach-athlete relationship, and recommendations.

To ensure a comprehensive synthesis of the data, two reviewers

independently screened the titles and abstracts of all identified

studies, followed by a detailed review of the full-text articles for

potentially relevant studies.

The synthesis of the data involved identifying common themes

and patterns across the 22 included studies. Rather than simply

listing individual study outcomes, we conducted a thematic

analysis to integrate the findings into coherent categories that

reflect the overarching trends in the literature. This process

involved iteratively reviewing the extracted data to identify

recurring themes and practices related to the coach-athlete

relationship. The resulting themes were then used to structure

the results section, providing a clear and organized presentation

of the synthesized findings.
Quality assessment

The methodological quality of the included studies was

rigorously evaluated using the Mixed Methods Appraisal Tool

(MMAT). This tool assesses critical aspects of research design

and execution, including the clarity and appropriateness of

research questions and methodologies, the validity and

consistency of data collection instruments and procedures, the

transparency and representativeness of participant selection

processes, and the rigor of data analysis methods, such as the

application of triangulation techniques.
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Each study was meticulously evaluated against the MMAT

criteria, resulting in varying quality scores. Studies that achieved

a 100% score excelled in all areas, with clearly defined and

justified research questions, robust and consistent data collection

methods, transparent participant selection processes that ensured

representativeness, and rigorous data analysis incorporating

triangulation to enhance validity. These studies were

methodologically robust and exhibited minimal risk of bias.

Conversely, studies scoring 80% met many of the criteria but

exhibited certain methodological limitations, such as less

transparent participant selection processes, which could

introduce selection bias, or data analysis methods that, while

generally rigorous, lacked comprehensive triangulation. These

limitations reduced their overall quality score, highlighting areas

for methodological improvement.

This thorough quality assessment ensures that the studies

included in this systematic review are methodologically robust,

thereby enhancing the reliability and validity of the review’s

findings. By clearly articulating the reasons for the varying

scores, we aim to maintain transparency in our assessment

process, enabling readers to understand the relative strengths and

limitations of the included studies (30).
Data synthesis

A thematic synthesis approach was employed to integrate

findings from qualitative, quantitative, and mixed-methods

studies, ensuring comprehensive coverage of the topics discussed

in the introduction. Key themes were identified through iterative

coding and analysis, focusing on factors influencing the coach-

athlete relationship in disabled and Paralympic sports. The

synthesis examined themes within the professional, interpersonal,

and intrapersonal domains, encompassing coaches’ expertise and

skills, communication strategies, and self-awareness, respectively.

Specifically, the professional domain included themes related to

technical and tactical knowledge, training methods, and adaptive

coaching techniques suited to athletes’ specific needs. The

interpersonal domain focused on effective communication

strategies, team building, and the creation of inclusive

environments, while the intrapersonal domain analyzed coaches’

self-reflection, continuous learning, and understanding of their

behaviors and attitudes towards disabilities (31). Societal attitudes

were explored to understand how perceptions and stigmas

influence coaching behaviors and the training environment (32).

Structural barriers such as accessibility to training facilities and

availability of resources were examined to identify challenges and

propose necessary policy interventions (33).
Results

Descriptive analysis

The included studies met specific inclusion criteria, focusing

on the relationship between coaches and athletes with
frontiersin.org
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TABLE 1 Summary of included articles in the review.

Studies Country Subjects Sports Disability Method

Gender Age Occupation
Alexander
et al. (1)

Canada, Norway,
Sweden

Both male
and female

Ranged from
under 20 years
old to over 40
years old

Athletes, Coaches,
integrated Support team
members (assistant
coaches, high-performance
directors, strength and
conditioning coaches,
mental performance
consultants, sport
physiologists, and
physiotherapists)

Summer paralympic
sports

Physical disabilities
(including short stature
and spinal cord injury)
and neurological or
neuro-developmental
disabilities (such as
cerebral palsy)

6 focus groups with
athletes, 3 interviews with
head coaches, 10
interviews with support
team members

Alexander
et al. (3)

Canada Female Various age Paralympic athletes (active
or retired)

Individual sports in
the paralympics

Physical disabilities Semi-structured
interviews with 8 athletes,
documents including
athlete biographies,
previous athletic records,
and results from recent
Paralympic Games

Alexander
et al. (5)

Canada 25 female,
17 male

Various age
groups (18–24,
25–34, 35–44,
45–54, and 55+)

Includes both mentor
coaches (with a minimum
of 10 years of experience)
and mentee coaches (with
under five years of
experience in parasport
coaching)

Various Not specified Semi-structured
interviews

Alexander
et al. (6)

Canada Female Not explicitly
mentioned;
participants
attended multiple
paralympic
games

Paralympic athletes (active
or recently retired)

Individual sports in
the paralympics

Physical disabilities Individual Semi-
structured interviews

Allan et al.
(10)

Canada, USA Both male
and female

Various ages,
including young
and older athletes

Athletes with disabilities Various (sit skiing,
sledge hockey, cross-
country skiing, water
sit skiing, etc.)

Various physical
disabilities

Qualitative methods
including interviews and
reflective practice analysis

Allan et al.
(13)

Canada, USA,
UK; South Korea,
Australia, Jordan,
Israel, South
Africa

Both male
and female

Various age
groups, including
adolescents and
adults

Athletes (including
paralympic athletes),
coaches, and military
veterans

Wheelchair rugby,
Swimming,
Basketball (including
wheelchair
basketball), Sledge
hockey, Adaptive
sailing; Various
physical activities for
veterans

Physical disabilities
(e.g., spinal cord
injuries, cerebral palsy),
Visual disabilities、
Intellectual disabilities,
Developmental
disabilities

Semi-structured
interviews, life history
interviews focus
groups、case studies
using observations and
interviews, reflexive
conversations, cross-
sectional questionnaires,
longitudinal studies with
questionnaires,
observations and
photographs

Dehghansai
et al. (14)

Canada, USA and
Australia

Both male
and female

Various ages Elite parasport athletes Various parasports
(wheelchair
basketball,
wheelchair rugby,
etc.)

Spinal cord injury,
Cerebral palsy, visual
impairments

Surveys and interviews,
observational studies

Lepage et al.
(15)

Canada Both male
and female

Youth Parasport coaches Powerchair soccer,
sledge hockey, and
wheelchair
basketball

Physical disabilities,
including cerebral palsy
and other physical
impairments.

Semi-structured
interviews

Martin et al.
(16)

USA, UK,
Canada, Jordan,
Hungary,
Portugal, Kenya,
Malaysia

Both male
and female

Various age
ranges, including
elite adult
athletes and
youth athletes

Athletes, specifically those
participating in
Paralympic and disability
sports, and their coaches.

Paralympic
swimming,
wheelchair road
racing, wheelchair
rugby, wheelchair
basketball, sledge
hockey, parasailing

Physical disabilities,
including spinal cord
injuries, visual
impairments, and other
physical disabilities
affecting mobility

Interview study, survey

Axtell et al.
(17)

USA Both male
and female

Not specified Wheelchair basketball
coaches

Wheelchair
basketball

Mobility impairments,
specifically those using
wheelchairs for sports.

Survey consisted of both
multiple-choice and
open-ended questions.

(Continued)
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TABLE 1 Continued

Studies Country Subjects Sports Disability Method

Gender Age Occupation
Cregan et al.
(18)

Canada Male Not specified Six elite-level coaches of
swimmers with a physical
disability, each with at least
10 years of head coaching
experience.

Swimming Physical disabilities,
including athletes with
various classifications
such as S2–S10 and S5–
S13.

Unstructured, Open-
ended interviews

Cybulski S
et al. (19)

Canada Both male
and female

Specific ages of
the coaches were
not provided, but
they are
described as
experienced
coaches

Coaches of Special
Olympics athletes

Various Athletes with
intellectual disabilities

Semi-structured
interviews, non-
participant observations

Banack et al.
(20)

Canada 61.06%
men

Not specified 113 Canadian Paralympic
athletes

Individual sports:
10.6%
Team sports: 42.4%
Coaching sports
(e.g., swimming,
track and field):
46.9%

Cerebral palsy: 23.0%
Visual impairment:
8.0%
Amputee: 16.8%
Spinal cord injury:
44.2%
Les autres (e.g., spina
bifida, multiple
sclerosis): 8.0%

Online survey
Measures (Sport Climate
Questionnaire and Sport
Motivation Scale

Falcão et al.
(21)

Canada Male The average age
was 42.67 years

Head coaches of summer
and winter Paralympic
sport teams

Both individual and
team sports within
the Paralympic
context.

Various (cerebral palsy,
spinal-cord injuries,
and amputations)

Semi-structured
interviews.

Cybulski
et al. (22)

Canada Both male
and female

over 8 years old Athletes participating in
the Special Olympics

Various sports (floor
hockey, swimming,
golf, athletics,
curling, softball, ten-
pin bowling, and
Nordic skiing)

Intellectual disabilities
(ID)

Semi-structured
interviews, non-
participant observations,
and follow-up semi-
structured interviews.

Banack et al.
(23)

Canada Both male
and female

Adolescent and
college age

Paralympic athletes Various Paralympic
sports

Physical disabilities Online survey; sport
climate questionnaire;
measures of perceived
autonomy; measures of
competence; measures of
relatedness; sport
motivation scale

Domingues
et al. (24)

Portugal Both male
and female

Mean 32.6 ± 13.8
years old

Athletes with Intellectual
and Developmental
Difficulty (IDD)

Special Olympics Intellectual disabilities
and developmental
difficulties

Cross-sectional study,
Questionnaires in
Portuguese,
Psychological Needs
Exercise Scale (BPNES),
Behaviour Regulation
Sport Questionnaire
(BRSQ), Satisfaction with
Life Scale (SWLS),
Positive and Negative
Affect Schedule
(PANAS), and
Leadership Scale for
Sport (LSS)

Wareham
et al. (25)

Australia Not
specified

Not specified 12 coaches of elite athletes
with disability

Various Paralympic
sports (swimming,
athletics, cycling,
canoeing, triathlon,
equestrian sport, and
wheelchair
basketball)

Vision impairment,
amputation or limb
deficiency, spinal cord
injury, cerebral palsy.

Individual Semi-
structured interviews

Hardwick
et al. (26)

Belgium,
Germany,
England, Spain,
Netherlands,
Argentina

Both male
and female

Ranges from 20
to 66 years old

Coaches and staff
members involved in
ParaHockey

ParaHockey Intellectual
impairments

Semi-structured
interviews

(Continued)
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TABLE 1 Continued

Studies Country Subjects Sports Disability Method

Gender Age Occupation
Taylor et al.
(27)

Australia Both male
and female

Not specified Elite coaches in
Paralympic sports, athletes
with various impairments
(physical, intellectual,
visual)

Various Physical impairment
Intellectual impairment
Visual impairment

Semi-structured
interviews, observations
of remote coaching
sessions, field notes,
ethnographic research
methods

Bloom et al.
(28)

Various
countries,
including the
USA, Canada,
Croatia, UK,
Denmark, and
Russia

Both male
and female

Ranges from
youth athletes to
masters athletes
(older athletes)

Primarily athletes and
coaches

Various sports
(including football,
basketball,
gymnastics, ice
hockey etc.)

Physical and sensory
disabilities

Interviews and case
studies, surveys and
longitudinal studies

Burns et al.
(29)

Various
countries,
including the UK,
France,
Iceland, Ireland,
Sweden, Spain,
Poland

Both male
and female

Coaches: 22–72
years (mean
age 49)
Athletes: 18–42
years (mean
age 24)

Coaches with at least one
year’s experience in
coaching athletes with
intellectual disabilities.
Athletes actively
competing in their sport
for at least 6 months.

Various (basketball,
tennis, equestrian,
nordic Ski,
gymnastics, cycling,
judo, golf, table
tennis)

Intellectual Disabilities Semi-structured
interviews
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disabilities in a sports context. These peer-reviewed articles

utilized various research methods, including quantitative,

qualitative, and mixed-method approaches. A total of 22 studies

were included in the review, ensuring a comprehensive analysis

of the topic (Figure 1).

The geographical distribution of the studies provided a broad

cultural perspective. The studies were conducted in Canada

(n = 10), United States (n = 1), Portugal (n = 1), Australia (n = 2),

various countries (n = 8). This variety in locations ensured that

the review encompassed diverse cultural and environmental

contexts. The included studies varied in design and methodology,

comprising quantitative descriptive studies (n = 3), mixed

methods studies (n = 3), qualitative studies (n = 13), and

quantitative non-randomized studies (n = 3). This methodological

diversity allowed for a thorough examination of the coach-athlete

relationship from multiple perspectives.

Participants in these studies ranged from adolescents to adults,

including both male and female athletes. The athletes had various

types of disabilities, such as physical (n = 8), intellectual (n = 5),

and multiple disabilities (n = 9). The studies included athletes

with different levels of experience, from novices to elite

competitors, providing a comprehensive overview of the coach-

athlete relationship. No Chinese articles were included; all

references are from English articles (n = 22).
Quality assessment

A total of 22 articles were assessed for quality using the Mixed

Methods Appraisal Tool (MMAT). Among these, there were 3

Quantitative Descriptive Studies, 3 Mixed Methods Studies, 13

Qualitative Studies, and 3 Quantitative Non-randomized Studies

(Tables 2, 3). Of the evaluated articles, 20 were classified as high

quality, meeting 100% of all quality assessment criteria.

Additionally, 1 article met 80% of the quality criteria, and 1 article
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met 60% of the criteria. This indicates that the included studies are

of generally high quality with reliable methodologies (Tables 4, 5).
Professional domain

Sport-specific skills
Sport-specific skills are pivotal in optimizing athletic performance

within parasports, requiring coaches to adapt their training

methodologies to accommodate the unique physical and

psychological characteristics of athletes with disabilities (10).

Effective coaching necessitates a comprehensive understanding of

the technical and tactical aspects specific to each parasport (1). For

example, wheelchair basketball demands proficiency in wheelchair

maneuverability, ball handling, and shooting, whereas wheelchair

racing emphasizes propulsion techniques and endurance (3, 35).

Coaches are responsible for developing individualized training plans

that consider the specific needs of each athlete, establishing realistic

performance goals, and providing constructive feedback that

integrates disability-related considerations (21). This individualized

approach not only enhances athletes’ confidence and motivation

but also reinforces the coach-athlete relationship, thereby

contributing to overall athletic success (23).
Adaptive coaching techniques
Adaptive coaching techniques are essential in effectively addressing

the diverse needs of athletes with disabilities (1). These techniques

require coaches to exhibit creativity and flexibility, ensuring that

training regimens are not only effective but also inclusive. For

instance, coaching swimmers with Down syndrome may involve

decomposing complex movements into smaller, more manageable

steps, whereas athletes with lower limb amputations in track and

field may necessitate specialized training focused on prosthetic use

and balance (13). Furthermore, effective communication with both

athletes and their caregivers is crucial, as it fosters a supportive and
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FIGURE 1

PRISMA flow diagram.
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inclusive training environment (1). By implementing adaptive

coaching strategies, coaches can deliver personalized training that

addresses the specific needs of each athlete, ultimately enhancing

their performance and well-being (5, 6, 10).
Interpersonal domain

Communication strategies
Effective communication is foundational to the development of

strong coach-athlete relationships within parasports (3, 5). Coaches
Frontiers in Sports and Active Living 07110
must integrate professional knowledge with advanced interpersonal

skills to adequately understand and address the unique needs of

athletes with disabilities (6). This necessitates an open-minded and

innovative approach to communication, allowing coaches to tailor

their strategies to the individual preferences and requirements of

each athlete (1). Consistent, transparent communication is key to

fostering trust and rapport, which are essential for athletes to feel

supported and understood (10, 16). Moreover, the management of

team conflicts through open dialogue and the promotion of athlete

autonomy are crucial strategies that contribute to team cohesion

and minimize misunderstandings (10).
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TABLE 2 Quality assessment results for qualitative studies.

Studies Types Evaluation result Overall MMAT score

S1a S2b 1.1c 1.2d 1.3e 1.4f 1,5g

Alexander et al. (1) Qualitative study Yes Yes Yes Yes Yes Yes Yes 5

Alexander et al. (3) Yes Yes Yes Yes Yes Yes Yes 5

Alexander et al. (6) Yes Yes Yes Yes Yes Yes Yes 5

Allan et al. (10) Yes Yes Yes Yes Yes Yes Yes 5

Allan et al. (13) Yes Yes Yes Yes Yes Yes Yes 5

Dehghansai et al. (14, 34) Yes Yes Yes Yes Yes Yes Yes 5

Lepage et al. (13) Yes Yes Yes Yes Yes Yes Yes 5

Martin et al. (16) Yes Yes Yes Yes Yes Yes Yes 5

Cregan et al. (18) Yes Yes Yes Yes Yes Yes Yes 5

Falcão et al. (21) Yes Yes Yes Yes Yes Yes Yes 5

Cybulski et al. (22) Yes Yes Yes Yes Yes Yes Yes 5

Hardwick et al. (26) Yes Yes Yes Yes Yes Yes Yes 5

Burns et al. (29) Yes Yes Yes Yes Yes Yes Yes 5

aAre there clear research questions?
bDo the collected data address the research questions
cIs the qualitative approach appropriate to answer the research question?
dAre the qualitative data collection methods adequate to address the research question?
eAre the findings adequately derived from the data?
fIs the interpretation of results sufficiently substantiated by data?
gIs there coherence between qualitative data sources, collection, analysis, and interpretation?

TABLE 3 Quality assessment results for mixed methods studies.

Studies Types Evaluation result Overall MMAT score

S1a S2b 1.1c 1.2d 1.3e 1.4f 1,5g

Alexander et al. (5) Mixed methods study Yes Yes Yes Yes Yes Yes Yes 5

Cybulski et al. (19) Yes Yes Yes Yes Yes Yes Yes 5

Taylor et al. (27) Yes Yes Yes Yes Yes Yes Yes 5

aAre there clear research questions?
bDo the collected data address the research questions?
cIs there an adequate rationale for using a mixed methods design to address the research question?
dAre the different components of the study effectively integrated to answer the research questions?
eAre the results adequately brought together to answer the research questions?
fAre divergences and inconsistencies between quantitative and qualitative results adequately addressed?
gDo the different components of the study adhere to the quality criteria of each tradition of the methods involved?

Liu et al. 10.3389/fspor.2024.1461512
Team building and conflict management
The construction of cohesive teams in parasports is

contingent upon the establishment of an environment

characterized by trust, respect, and mutual support (1).

Coaches can achieve this by fostering athlete autonomy,

encouraging personal ownership of roles, and modeling

positive behaviors that reinforce team unity (14, 15). In the

context of wheelchair basketball, for example, coaches might

address conflicts arising from competitive pressures by

facilitating open communication and promoting mutual

support among team members (3, 5, 6). Additionally, the

involvement of female coaches has been shown to enhance

inclusivity and effectively address gender dynamics within

teams, particularly in sports like sitting volleyball (1).

Employing a democratic leadership style, wherein athletes are

actively involved in decision-making processes, further

strengthens team cohesion by ensuring that each member’s

contributions are valued and recognized (3, 6, 15).
Frontiers in Sports and Active Living 08111
Intrapersonal domain

Self-reflection and understanding
Self-reflection is a critical component of effective coaching,

especially within the context of parasports (10). Coaches must

engage in continuous self-assessment to better understand and

respond to the distinct needs of athletes with disabilities (1).

Maintaining awareness of an athlete’s overall well-being, both

within and outside of sports, enables coaches to provide

comprehensive support, particularly in managing the dual

careers that many athletes with disabilities pursue (1).

Reflexive practices, such as journaling and regular self-

evaluation, are instrumental in helping coaches identify

personal biases and areas for improvement, thereby allowing

them to adapt their coaching strategies to better serve their

athletes (3). This process of introspection is also integral to

fostering trust and respect, which are vital for the success of

mentor-mentee relationships (5, 25, 28, 29).
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TABLE 4 Quality assessment results for quantitative descriptive studies.

Studies Types Evaluation result Overall MMAT score

S1a S2b 1.1c 1.2d 1.3e 1.4f 1,5g

Axtell et al. (17) Quantitative descriptive study Yes Yes Yes No Yes No Yes 3

Banack et al. (20) Yes Yes Yes Yes Yes Yes Yes 5

Wareham et al. (25) Yes Yes Yes Yes Yes Yes Yes 5

aAre there clear research questions?
bDo the collected data address the research questions?
cIs the sampling strategy relevant to address the quantitative research question?
dIs the sample representative of the target population?
eAre the measurements appropriate?
fIs the risk of nonresponse bias low?
gIs the statistical analysis appropriate to answer the research question?

TABLE 5 Quality Assessment results for quantitative non-randomized studies.

Studies Types Evaluation result Overall MMAT score

S1a S2b 1.1c 1.2d 1.3e 1.4f 1,5g

Banack et al. (20) Quantitative non-randomized study Yes Yes Yes Yes Yes No Yes 4

Domingues et al. (24) Yes Yes Yes Yes Yes Yes Yes 5

Bloom et al. (28) Yes Yes Yes Yes Yes Yes Yes 5

aAre there clear research questions?
bDo the collected data address the research questions?
cAre the participants representative of the target population?
dAre measurements appropriate regarding both the outcome and intervention (or exposure)?
eAre there complete outcome data?
fAre the confounders accounted for in the design and analysis?
gDuring the study period, is the intervention administered (or exposure occurred) as intended?
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Continuous learning and improvement
A commitment to continuous learning is imperative for

coaches operating in parasports, as it ensures they remain abreast

of the latest advancements in fields such as sport psychology,

nutrition, and exercise physiology (1). Coaches who prioritize

ongoing professional development are better positioned to

innovate within their coaching practices and adapt to the

evolving needs of their athletes. Engaging in mentorship

programs, attending specialized workshops, and participating in

structured learning plans are effective methods for coaches to

enhance their expertise (29). Moreover, practical experiences,

such as collaborating with a diverse range of athletes and

learning from more experienced peers, offer invaluable insights

that contribute to coaching efficacy (24). By fostering a culture of

continuous improvement, coaches create a dynamic and

supportive environment that benefits both their own

development and the performance outcomes of their athletes (6).

The summary is summarized and refined into Table 6.
Discussions

This systematic review aimed to identify and analyze factors

influencing the relationship between coaches and athletes with

disabilities, focusing on professional, interpersonal, and

intrapersonal domains across 22 studies from various countries.

The review underscores the complexity of the coach-athlete

relationship in parasports and advances our understanding by

offering a nuanced analysis of these factors.
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Professional domain: sport-specific skills
and adaptive techniques

While prior research has recognized the importance of

technical and tactical mastery in sports, this review extends these

findings by underscoring the dual necessity of addressing the

unique challenges posed by various disabilities (5, 10). Effective

coaching requires not only expertise in the sport but also a

continuous commitment to learning and adaptation, enabling

coaches to develop personalized, disability-specific approaches

(22, 28). This dual focus is crucial for optimizing performance,

fostering independence, and enhancing overall well-being in

athletes with disabilities (21, 29, 30). By emphasizing creativity

and flexibility in coaching strategies, this review offers a more

holistic perspective, suggesting that these qualities are essential

not just for technical proficiency but for addressing the diverse

needs of athletes with disabilities across different sports contexts.

This approach not only advances the current literature but also

provides practical insights for coaches aiming to help athletes

achieve their full potential.
Interpersonal domain: communication and
team building

Communication strategies and team-building practices are vital

for establishing trust and transparency between coaches and

athletes with disabilities (19). Effective communication forms the

foundation of trust, creating an environment where athletes feel
frontiersin.org
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TABLE 6 Summary of key findings by domain.

Domain Skill/strategy Description
Professional
domain

Sport-specific skills Essential for optimizing performance by tailoring training to the unique needs of athletes with disabilities. Examples
include wheelchair basketball and racing

Adaptive coaching techniques Involves creativity and flexibility to address the diverse needs of athletes. Techniques include breaking down complex
movements and specialized prosthetic training.

Interpersonal
domain

Communication strategies Crucial for building trust and rapport. Involves tailoring communication methods to individual athletes’ needs and
managing team conflicts effectively

Team Building and conflict
management

Focuses on fostering team cohesion through autonomy, respect, and democratic leadership. Includes strategies for
managing conflicts and the role of female coaches in promoting inclusivity

Intrapersonal
domain

Self-reflection and
understanding

Continuous self-assessment helps coaches better understand and meet athletes’ needs, fostering trust and respect in the
coach-athlete relationship

Continuous learning and
improvement

Ongoing professional development and innovation in coaching practices are essential for adapting to evolving athlete
needs and enhancing performance outcomes
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supported and understood, which is essential for both individual and

team success (20). Trust, in turn, is integral to team cohesion, as it

fosters mutual respect and support among team members (8). By

promoting athlete autonomy and responsibility, coaches can

cultivate a positive team environment that enhances unity and

collaboration (19). However, while communication focuses on

individual interactions tailored to meet the specific needs of each

athlete, team building is concerned with shaping the overall team

dynamic to ensure inclusivity and collective efficacy (20).

Moreover, both communication and team-building strategies

are essential for conflict management, though they approach it

differently (24). Transparent communication enables coaches to

address misunderstandings directly with athletes, thereby

preventing conflicts from escalating (36). In contrast, team-

building involves structured approaches, such as fostering a

democratic leadership style that encourages athlete involvement

in decision-making processes (26). This not only aids in conflict

resolution but also strengthens team cohesion by ensuring that

all members feel their contributions are valued. The interplay

between communication and team building is crucial for

fostering strong coach-athlete relationships in parasports. While

communication enhances individual relationships, team building

aims to achieve collective harmony and unity (37). This review

provides valuable insights into how these strategies can be

effectively integrated, offering practical guidance for coaches to

enhance both individual and team performance in parasports.

Additionally, potential challenges, such as balancing individual

needs with team dynamics, should be considered when applying

these strategies in diverse coaching environments.
Intrapersonal domain: self-reflection and
continuous improvement

Self-reflection and continuous improvement are foundational

elements in the coaching of athletes with disabilities. While

previous studies have emphasized the need for self-reflective

practices, this review provides a more nuanced understanding of

how these practices specifically impact coaching efficacy in

parasports (28). Self-reflection enhances coaches’ awareness of

their athletes’ needs and plays a pivotal role in adapting coaching
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strategies to address the unique challenges faced by athletes with

disabilities (29).

A significant contribution of this review is the synthesis of

reflexive practices, such as journaling and regular self-evaluation,

across various studies, demonstrating their effectiveness in

improving coaching outcomes (1). While Allan et al. and

Alexander et al. emphasize the importance of these practices for

maintaining athlete well-being and managing dual careers, this

review integrates these insights to show that reflexivity also

fosters a deeper understanding of personal biases and coaching

philosophies (1, 10). This comprehensive approach to self-

reflection not only refines coaching strategies but also cultivates

the trust and respect necessary for effective coach-athlete

relationships (38). Furthermore, this review extends the current

literature by exploring the role of continuous learning in

developing coaching practices within parasports. Although

existing studies acknowledge the necessity of ongoing education

and professional development, this review elaborates on specific

methods, such as mentorship programs and experiential learning,

that can enhance coaching expertise (6). This synthesis highlights

the dynamic interplay between formal education and practical

experience, suggesting that continuous improvement involves not

only acquiring new knowledge but also applying and adapting

this knowledge in real-world settings (39).

Our comparative analysis underscores the unique contributions

of various studies while identifying gaps in the current

understanding of intrapersonal development among coaches (40).

For example, while previous research has largely focused on

individual components of self-reflection and continuous learning,

this review synthesizes these elements to present a holistic view

of how they interact to enhance coaching efficacy (8). This

integrated perspective contributes to the field by offering new

insights that can guide future research and practice. Additionally,

future research could explore how self-reflection and continuous

learning practices might differ across various disability types or

coaching levels, further enriching the discourse on intrapersonal

development in coaching (32).

In conclusion, this review reaffirms the importance of self-

reflection and continuous improvement in coaching while

advancing the discourse by providing a more comprehensive and

interconnected understanding of these processes within the

context of disability sports. Effective coaching is deeply rooted in
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the ability to continuously reflect, learn, and adapt qualities

essential for meeting the complex and evolving needs of athletes

with disabilities (32). This review contributes to the literature by

offering a nuanced synthesis that can guide both researchers and

practitioners in further exploring and enhancing intrapersonal

development in coaching.
Limitations of the existing literature

Cultural variability in findings
This systematic review is subject to limitations related to the

potential influence of cultural variability on the findings.

Although cultural factors were not explicitly examined within the

scope of this review, the diversity among the included studies

suggests that such factors may have a significant impact on the

coach-athlete relationship in disabled sports. This variability

poses challenges to the generalizability of the findings across

different cultural contexts.
Language and database selection
A further limitation pertains to the selection of languages and

databases, which have led to exclusion of pertinent studies

published in non-English languages or indexed in less prominent

databases. This selection bias could potentially limit the

comprehensiveness of the literature reviewed, thus affecting the

completeness of the conclusions drawn.
Heterogeneity in study designs and
methodologies

The heterogeneity observed in study designs and

methodologies represents a significant limitation. Variations in

sample sizes, types of disabilities, sports contexts, and cultural

settings across the included studies complicate the synthesis of

findings. Such methodological diversity hinders the ability to

draw consistent and generalizable conclusions from the data.
Potential overlook of organizational and societal
factors

The focus of this review on professional, interpersonal, and

intrapersonal domains may have inadvertently led to the neglect

of important factors such as organizational policies, economic

constraints, and societal attitudes toward disability sports. These

factors could exert considerable influence on the coach-athlete

relationship and merit further investigation.
Subjective nature of qualitative research
Despite the high quality of most studies as assessed by the

Mixed Methods Appraisal Tool (MMAT), the inherent

subjectivity of qualitative research and the methodological

limitations present in some studies may compromise the

robustness of the conclusions. The reliance on qualitative data

introduces potential biases that warrant careful consideration.
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Future research directions

To address these limitations and advance the understanding of

the coach-athlete relationship in disabled sports, future research

should prioritize the following areas.

Investigation of cultural differences
Future studies should explore the impact of cultural differences

on coaching practices and the coach-athlete relationship in disabled

sports. This will facilitate the development of more context-specific

recommendations that are sensitive to cultural variability.

Diversification of data sources
There is a need for future research to include studies published

in multiple languages and sourced from a broader range of

databases. This approach will enhance the comprehensiveness

of the literature and ensure a more inclusive representation of

global research.

Longitudinal study designs
Future research should employ longitudinal designs to examine

the coach-athlete relationship over time. Such studies will provide

deeper insights into the dynamics and evolution of this relationship,

contributing to more nuanced and informed conclusions.

Inclusion of broader contextual factors
Future research should expand the scope to include

organizational policies, economic constraints, and societal attitudes

as they pertain to disability sports. Examining these broader

contextual factors will yield a more holistic understanding of the

variables influencing the coach-athlete relationship.

Development of standardized tools
The development and validation of standardized assessment

frameworks and training modules should be a priority in future

research. These tools will be instrumental in aiding coaches to

adapt their practices to meet the diverse and unique needs of

athletes with disabilities.

By addressing these limitations and focusing on these key areas,

future research will be better positioned to contribute to the

development of comprehensive, evidence-based coaching

strategies that optimize both performance and well-being for

athletes with disabilities.
Conclusions

Our systematic review advances adaptive sports coaching by

providing a comprehensive synthesis of factors influencing the

coach-athlete relationship in disabled and Paralympic sports. It

addresses critical gaps in the field by highlighting the dual

necessity of sport-specific skills and adaptive techniques. By

integrating all related factors of coaching in adaptive sports, this

review proposes a new framework that enhances both

performance and well-being of the athletes with disabilities,
frontiersin.org

https://doi.org/10.3389/fspor.2024.1461512
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Liu et al. 10.3389/fspor.2024.1461512
marking a departure from traditional coaching approaches in the

existing literature. This review presents a nuanced guide

informed by the comprehensive literature review. It emphasizes

the importance of flexible adaptive strategies, effective

communication, and self-reflection, providing actionable insights

for coaches and policymakers, by offering an integrated

understanding of the coach-athlete relationship, emphasizing the

interplay between professional expertise, communication, and

continuous improvement.
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Association of physical activity, 
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Background: 24-h movement guidelines (24-HMG) play an important role in various 
demographics such as early years, children, youth, and the older adult. Nevertheless, 
most existing research exploring the links between socioeconomic factors, dietary 
intake, and substance use with sleep patterns, physical activity (PA), and sedentary 
behavior (SB) has been conducted in high-income Western countries.

Purpose: Hence, this study seeks to investigate the relationship between 
adherence to the 24-HMG and smoking and alcohol use behaviors among 
children and adolescents in China.

Methods: A comprehensive survey, in collaboration with the Municipal 
Education Commission, was carried out across primary and middle schools in 
Shenzhen, China. Sleep duration was gauged using the Pittsburgh Sleep Quality 
Index (PSQI), screen time was assessed with items adapted from the Health 
Behavior of School-aged Children (HBSC) survey, and PA was measured using 
a single item adapted from the HBSC survey. Results were presented as odds 
ratios (ORs) with 95% confidence intervals (CIs), considering p-values below 
0.05 as statistically significant.

Results: Among the sample, 51.9% were boys and 48% were girls. Those who did 
not meet any guidelines had a higher probability of smoking (OR = 1.62 [95% CI: 
1.03, 2.56], p = 0.037) among children and adolescents. Conversely, meeting one 
(OR = 0.94 [95% CI: 0.61, 1.52], p  = 0.874) or two guidelines (OR = 0.84 [95% CI: 
0.52, 1.34], p = 0.459) showed no significant impact. The data displayed an inverse 
correlation between the number of guidelines adhered to and the likelihood of 
alcohol use among children and adolescents: none (OR = 2.07, p  < 0.001), one 
guideline (OR = 1.40, p = 0.006), and two guidelines (OR = 1.22, p = 0.106).

Conclusion: Not meeting guidelines elevates smoking and alcohol use risks in 
children and adolescents, whereas following more guidelines lowers these risks, 
highlighting the importance of guideline adherence in reducing substance use.
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1 Introduction

Regular participation in physical activity (PA) elicits a multitude 
of health benefits, encompassing enhanced muscular and 
cardiorespiratory fitness, facilitation of optimal bone mineralization 
(1–4), augmentation of subjective well-being (e.g., self-perception, 
self-esteem, and affective state), and mitigation of psychopathological 
symptoms (e.g., depression, anxiety, and stress) (5–8). Furthermore, 
PA is also correlated with heightened cognitive functioning and 
academic performance (2, 9–11). The World Health Organization 
(WHO) recommends that children and adolescents engage in at least 
60 min of moderate to vigorous-intensity physical activity (MVPA) 
daily. (12, 13). PA during children and adolescence creates complete 
health for the youth (4, 14, 15), and also improves cardiovascular 
health, fitness levels, and the prevention of chronic illnesses (16–18). 
The positive effect is also extended to the mental realm, as PA serves 
to reduce symptoms of anxiety and depression. They are also 
psychologically beneficial, as they improve mood, self-esteem, and 
general emotional well-being (19). Additionally, sports and other PA 
are significant for the development of vital life skills such as 
teamwork, discipline, and perseverance (20, 21). These experiences 
are very formative and do not affect just health outcomes at that 
moment, but make a foundation for a healthy active lifestyle in the 
future (22). Hence, the importance of promoting and encouraging PA 
amongst youth in fostering their overall well-being cannot 
be underestimated.

Recent epidemiological studies in PA and related disciplines have 
increasingly acknowledged the significance of 24-h movement 
behaviors (2, 23–26). This encompasses PA, sedentary behavior (SB), 
and sleep, which are recognized as interdependent, wherein alterations 
in one behavior may impact the others (27, 28). Incorporating an 
integrated approach to these behaviors in health-related research is 
paramount. Such an approach facilitates a comprehensive analysis, 
yielding deeper insights into health outcomes and behavioral 
modifications. The growing emphasis on these behaviors in research 
is attributed to the myriad of health benefits associated with each 
behavior when adhered to at recommended levels.

Intervention experiments have been undertaken with the aim of 
augmenting PA, mitigating sedentary behavior (SB), and fostering 
adequate sleep (29–31). Researchers advocate for a minimum of 
60 min of MVPA per day, limiting screen time to no more than 2 h 
daily, and ensuring adequate sleep across all age groups (26, 32). Since 
2015, countries including Canada, Australia, New  Zealand, and 
South  Africa have released tailored (24-HMG) for various 
demographics such as early years, children, youth, and the older 
adult. The 24-HMG for children and adolescents provide a 
comprehensive framework that balances various behaviors over a 
24-h period, recognizing that health is shaped by the cumulative 
effects of daily routines. These guidelines highlight the significance 
of incorporating movement behaviors consistently throughout the 
day to enhance health outcomes (27, 33, 34).

In addition to the association between the volume of PA and SB, 
research has unveiled the significance of considering a range of 
sociodemographic, dietary, and substance use factors that might 
be correlated with particular types of PA and SB (35). Undoubtedly, 
substance use has emerged as a prominent global public health 
concern, especially among adolescents, in industrialized and 
modernized societies for an extended period (36). Frequently 

misused substances include tobacco, alcohol, and cannabis (37). 
Studies consistently demonstrate that substance use tends to escalate 
during adolescence, with this pattern often initiating during this 
developmental stage and persisting into adulthood (38). In North 
America, substance use is prevalent among youths. Research by 
Joung et  al. (39) highlights that in 2017, 56.8% of Canadian 
adolescents aged 15–19 consumed alcohol, compared to one-third of 
U.S. 12th graders. Additionally, 7.9% of Canadian adolescents 
smoked tobacco, while about 10% of U.S. 12th graders did the same 
(40). Drug consumption rates were 21.6% in Canada and 25% in the 
U.S. among youth (41). Similar trends are evident in other regions, 
including Australia (42), Thailand (43), and Spain (44). In China, 
substance use among youth is an increasing concern. Previous studies 
indicate that approximately 7.3% of Chinese children and adolescents 
aged 9 to 21 have reported drinking alcohol (45). A systematic review 
and meta-analysis found that the overall prevalence of smoking 
among Chinese youth is around 8.2% (46), with a significant increase 
in smoking rates observed among older adolescents (47).

Given that children and adolescents are in a crucial stage of 
growth and development, it is vital to prioritize their health behaviors 
during this time (48). Substance use during these formative years not 
only negatively affects health outcomes and lifestyle behaviors (49) 
but also predicts a variety of challenges for young people, including 
associations with delinquency and criminal behavior (50, 51). Given 
these significant risks, early prevention starting from primary school 
children is crucial, as this stage represents a formative period where 
foundational health behaviors are established, making it a critical 
time to intervene and mitigate future risks associated with smoking 
and alcohol use (52). While prior research has focused on adolescents, 
studies frequently highlight that the relationship between substance 
use and overall health is inversely related in this population (53). 
Additionally, sociodemographic factors combined with substance use 
can influence the 24-h movement behaviors of adolescents, such as 
increasing SB when alcohol and tobacco are used (54). Conversely, 
substance use is negatively associated with sleep quality, as 
demonstrated in a longitudinal study of U.S. adolescents from 1991 
to 2014, where alcohol consumption was specifically linked to 
disrupted sleep patterns (55). Interestingly, previous research has 
suggested a potential correlation between alcohol use and higher 
levels of PA, possibly attributed to increased social interactions 
during sports events where alcohol is frequently consumed (56). 
Overall, the evidence suggests that while alcohol may encourage 
more PA, substance use generally promotes SB and impairs sleep, 
contributing to unhealthy 24-h movement behaviors in young 
people (57).

Nevertheless, most existing research exploring the links between 
socioeconomic factors, dietary intake, and substance use with sleep 
patterns, PA, and SB has been conducted in high-income Western 
countries (58, 59). This geographic concentration may limit the 
generalizability of findings, as socio-economic and cultural contexts 
vary significantly across different regions, potentially affecting sleep 
and activity patterns in diverse ways. This raises concerns about the 
applicability of these findings to low-and middle-income regions, 
particularly in less-developed countries in Asia, Africa, and South 
America, where cultural norms, legal frameworks, and social 
structures differ significantly. Recent empirical studies from China 
have broadened this research scope. Luo et al. (60) examined the 
relationship between adherence to the 24-HMG and health outcomes 
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in older adult Chinese adults. Following this, Luo et  al. (60) 
investigated how compliance with the 24-HMG affected depression 
and anxiety in Chinese adolescents. Furthering this line of inquiry, 
Luo (2024) (61) found that following the Sleep and Physical Activity 
recommendations of the 24-HMG significantly reduced the risk of 
visual impairments in non-obese adolescents. Despite these 
contributions, research in this area remains inadequate given the 
complexity of the issues involved. More studies are essential to 
deepen our understanding of how adherence to the 24-HMG affects 
health outcomes across diverse populations and age groups, especially 
in varied socioeconomic and cultural settings. Therefore, this study 
aims to explore the association between adherence to the 24-HMG 
(Combination of physical activity, screen time and sleep) and 
smoking and drinking behaviors among Chinese children 
and adolescents.

2 Methods

2.1 Participants and study design

In March 2021, a large-scale survey was conducted in collaboration 
with the Municipal Education Commission across primary and 
middle schools in Shenzhen, China. The survey encompassed students 
from all local public primary and secondary schools distributed 
throughout Shenzhen’s districts. Prior studies on PA among Chinese 
children and adolescents indicated that those aged 10 years and older 
possess adequate reading comprehension and can independently 
complete self-report questionnaires (62). Only students from grade 5 
and higher were included as eligible participants due to developmental 
differences between younger and older students (63); those in grade 5 
and above typically possess the cognitive and emotional maturity 
required to comprehend and accurately respond to the questionnaire. 
Therefore, the study population comprised students from upper 
primary (Mean ± SD: 11.5 ± 0.00), junior middle (Mean ± SD: 
13.3 ± 0.00), and senior high schools (Mean ± SD: 16.0 ± 0.01).

Participants and their guardians received a written document 
detailing the study’s objectives. The survey aimed to gather data on 
physical and mental health outcomes, movement behaviors, and 
sociodemographic factors. Each student voluntarily completed the 
survey within approximately 20 min (Median: 18.27 min); all data were 
collected anonymously. Students who agreed to participate filled out 
the online questionnaire independently in the school’s computer room 
during a designated class period, under the supervision of a teacher 
who assisted as needed. The questionnaire was hosted on a widely used 
Chinese online platform1. An electronic informed consent form was 
displayed before participants could access the main survey questions. 
Only those who consented proceeded to the formal data collection 
stages. The survey protocol was approved by the Shenzhen University 
Research Committee (No. 2020005) and the participating schools.

A total of 78,428 participants initially completed the questionnaire. 
However, after excluding entries from participants who completed the 
questionnaire in less than 5 min or responded incorrectly to a key 
option item and considering the availability of variables required for 

1 https://www.wjx.cn/

the current analysis, the final sample size was reduced to 
67,281 students.

2.2 Measures

Sleep duration was assessed using the Pittsburgh Sleep Quality 
Index (PSQI), which asks participants, “How many hours did 
you actually sleep at night in the past month?” The Chinese version 
of the PSQI has been validated for use among Chinese adolescents 
(64). Screen time was evaluated with items from the Health Behavior 
of School-aged Children (HBSC) survey, which includes various 
screen activities such as TV/movies, video games, and other leisure 
screen use over the past 7 days. Average daily screen time was 
calculated using the formula: ([total weekday screen time × 5] + [total 
weekend screen time × 2])/7. PA was measured with a single item 
adapted from the HBSC survey, asking, “How many days did 
you engage in MVPA for at least 60 min on weekdays over the past 
week?” with responses ranging from 0 (none) to 7 (every day). This 
measure has demonstrated satisfactory reliability among Chinese 
adolescents (65) and is extensively used in studies with Chinese 
children and adolescents (66, 67). According to the Canadian 
24-Hour Movement Guidelines for Children and Youth (37), 
achieving 7 days of at least 60 min of MVPA is considered meeting 
the PA guidelines. Limiting screen time to no more than 2 ho per day 
meets the screen time (ST) guidelines. For sleep, 9–11 h per night for 
children (ages 5–12) and 8–10 h for adolescents (ages 13–17) are the 
benchmarks for guideline adherence. Compliance with these 
guidelines is assessed either by the total number of guidelines met 
(none, one, two, or three) or by specific combinations such as PA 
only, ST only, sleep only, combinations of two, or all three guidelines.

The survey collected comprehensive demographic and personal 
information, including sex (male/female), educational level by grade 
(primary school/junior middle school/senior middle school), self-
reported height in centimeters, and weight in kilograms. Additional 
data included the number of siblings (only child or not), family 
structure (both parents or single parent), parental education level 
(ranging from junior middle school or below to master’s degree or 
above), ethnicity (Han or minority), and family socioeconomic status 
(SES). The geographic scope encompassed nine districts and 135 
schools in total. Participants’ weight status was assessed using the 
body mass index (BMI), calculated from self-reported height and 
weight, and classified according to China’s normative reference data 
(68) into categories of normal weight, overweight, and obese. SES was 
evaluated using an adapted version of the MacArthur Scale of 
Subjective Social Status, which features a 10-rung ladder, with higher 
rungs indicating better socioeconomic status (69). To ensure robust 
statistical analysis, previous studies have controlled these variables to 
minimize confounding biases (70, 71).

Substance use behavior was assessed using items adapted from the 
Youth Risk Behavior Survey (72). The evaluation encompassed three 
distinct types of substance use behavior: whether participants had ever 
tried cigarette smoking, even if just one or two puffs; whether they had 
consumed at least one alcoholic drink beyond a few sips; and whether 
they had experienced drunkenness after consuming alcohol. 
Respondents were provided with the response options “Yes” or “No.” 
These items were chosen based partly on pilot feedback and our 
previous research endeavors (72, 73).
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2.3 Statistical analysis

Statistical analyses were conducted using STATA BE  17.0 
(College Station, Texas, USA), employing descriptive statistics to 
outline sample characteristics. Given the nested data structure across 
different layers—district (level 3), school (level 2), and individual 
(level 1), informed by the sampling strategy—a three-level mixed 
multilevel effect model was utilized to evaluate the associations 
between adherence to the 24-HMG and substance use. Substance 
use, the dependent variable, was treated as an ordinal variable for 
further analysis. A series of ordinal logistic regression models were 
then developed to examine these associations, controlling for all 
mentioned sociodemographic variables (e.g., SES, sex). Specifically, 
models 1 and 2 evaluated the number of guidelines met and specific 
combinations met, respectively, with “none” as the reference 
category, examining impacts on smoking and drinking. An 
interaction effect between grade group and adherence to the 
24-HMG on substance use was detected, prompting stratified 
analyses by grade group, while controlling for other 
sociodemographic factors. Results were expressed as odds ratios 
(ORs) with 95% confidence intervals (CIs), considering p-values less 
than 0.05 as statistically significant.

3 Results

Table  1 presents the socio-demographic characteristics of the 
study participants. The sample was nearly evenly split between boys 
(51.9%) and girls (48%), with most participants from primary and 
junior middle schools. While 54.6% met two guidelines, only 1.7% 
met all three, and 28.7% met none. Compliance was highest for screen 
time (61.0%) but low for physical activity (9.3%) and sleep (19.6%). 
Smoking and alcohol use were rare, with 97.51% never smoking and 
86.7% never alcohol use. The mean subjective family socioeconomic 
status was 5.0 (SD = 1.7).

Table 2 highlights the associations between adherence to 24-HMG 
and smoking behavior. Participants who met none of the guidelines 
were more likely to smoke (OR = 1.62, p = 0.037). Adherence to one or 
two guidelines showed no significant effect on smoking likelihood.

Regarding specific combinations of guidelines, adherence to only 
the screen time recommendation was not associated with lower 
smoking rates (OR = 0.80 [95% CI: 0.50, 1.26], p  = 0.68), nor was 
adherence to only the sleep recommendation (OR = 1.11 [95% CI: 
0.68, 1.79], p = 0.68). However, adherence to only the MVPA guideline 
significantly increased the likelihood of smoking (OR = 2.69 [95% CI: 
1.65, 4.38], p  < 0.001). Combinations of sleep and screen time 
recommendations were associated with a lower likelihood of smoking 
(OR = 0.55 [95% CI: 0.33, 0.91], p = 0.02), while the combination of 
screen and MVPA guidelines did not reach statistical significance 
(OR = 1.30 [95% CI: 0.78, 2.15], p = 0.31). Participants meeting none 
of the guidelines also demonstrated an increased likelihood of 
smoking (OR = 1.58 [95% CI: 1.00, 2.49], p = 0.05).

Table 3 illustrates an inverse relationship between adherence to 
24-HMG and the likelihood of drinking. Participants who met none 
of the guidelines had the highest likelihood of alcohol use (OR = 2.07, 
p  < 0.001), followed by those who met one guideline (OR = 1.40, 
p = 0.006), while meeting two guidelines showed a non-significant 
effect (OR = 1.22, p = 0.106).

TABLE 1 Sample characteristics.

Categorical variables n Mean  ±  SD/%

Sex Boys (13.0 ± 0.01) 34,909 51.9

Girls (13.1 ± 0.01) 32,372 48.1

Grade Primary school 

(11.5 ± 0.00)

27,954 41.5

Junior middle school 

(13.3 ± 0.00)

27,124 40.3

High school (16.0 ± 0.01) 12,203 18.1

Weight status Normal 45,817 68.1

Overweight 9,051 13.5

Obese 12,413 18.4

Siblings Only child 17,354 25.8

Non-only child 49,927 74.2

Family structure Both parents 62,836 93.4

Single 4,445 6.6

Paternal 

education

Junior middle school or 

below

14,619 21.7

High school or equivalent 18,159 27

Bachelor or equivalent 26,030 38.7

Master or above 2,796 4.2

Unclear 5,677 8.4

Maternal 

education

Junior middle school or 

below

17,617 26.2

High school or equivalent 18,706 27.8

Bachelor or equivalent 23,922 35.6

Master or above 1,635 2.4

Unclear 5,401 8

Nationality Han 65,027 96.6

Minority 2,254 3.4

Number of 

guidelines met

0 19,277 28.7

1 36,712 54.6

2 10,174 15.1

3 1,118 1.7

Specific 

combinations of 

guidelines met

None 19,277 28.7

Sleep only 4,611 6.9

Screen time only 30,336 45.1

MVPA only 1,765 2.6

Sleep and screen time 6,823 10.1

Sleep and MVPA 603 0.9

Screen time and MVPA 2,748 4.1

All three 1,118 1.7

Smoking Never 65,609 97.51

Rarely 797 1.18

Occasionally 473 0.7

Frequently 149 0.22

Almost daily 253 0.38

(Continued)
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Specific findings include adherence to only the screen time 
guideline (OR = 1.31, p = 0.028), only the MVPA guideline (OR = 2.85, 
p  < 0.001), and only the sleep guideline (OR = 1.37, p  = 0.015) all 
showing significant associations. Combinations of guidelines showed 
varied results: sleep and screen time (OR = 0.97, p = 0.783), screen time 
and MVPA (OR = 1.68, p < 0.001), and sleep and MVPA (OR = 2.0, 
p  < 0.001) were also examined for their association with 
drinking behaviors.

4 Discussion

This study explored the relationship between adherence to the 
24-HMG and the incidence of smoking and alcohol use among 
children and adolescents. The findings indicated that over half of the 
participants adhered to at least two of the movement guidelines, 
although adherence to the PA guidelines was particularly low. A 
significant association was found between adherence to these 
guidelines and a reduction in smoking and alcohol consumption. 
These results highlight a negative correlation between the extent of 
guideline adherence and the likelihood of engaging in harmful 
behaviors. This study emphasizes the potential role of routine 
adherence to movement guidelines in promoting healthier lifestyles 
among children and adolescents.

This study explored the complex relationship between adherence 
to the 24-HMG and smoking behavior among children and 
adolescents, highlighting the differential impacts of various 
components on smoking levels. Strikingly, only 1.7% of participants 
adhered to all three guidelines, reflecting the challenge of full 
compliance (OR = 0.84, p = 0.459). This low compliance rate suggests 
that comprehensive engagement with health behaviors may 
be associated with reduced smoking behaviors. Specifically, adherence 
to the MVPA guidelines showed a significant negative correlation with 
smoking (OR = 2.69, p  < 0.001), consistent with the findings of 
Gismero-González et al. (74), who reported that vigorous exercise 
notably deters smoking, especially among beginners. Our findings 
reinforce this correlation, particularly in participants meeting both 
MVPA and sleep + MVPA guidelines, suggesting that the emotional 
benefits of physical exercise and its role in enhancing health 

consciousness could be  key factors (75). These results align with 
previous research and underscore the importance of integrated health 
behaviors in reducing smoking prevalence among children 
and adolescents.

Conversely, adherence to screen time guidelines alone did not 
significantly impact smoking rates (OR = 0.8, p = 0.68), indicating that 
increased screen time may not directly influence smoking but could 
contribute to behaviors such as sedentariness, which are linked to 
smoking susceptibility (76). Similarly, adherence to sleep guidelines 
alone showed no significant reduction in smoking (OR = 1.11, 
p = 0.68), which contrasts with Wheaton’s (77) findings on the adverse 
effects of sleep deprivation on health behaviors. This study underscores 

TABLE 1 (Continued)

Categorical variables n Mean  ±  SD/%

Alcohol use Never 58,333 86.7

Rarely 6,196 9.21

Occasionally 2,245 3.34

Frequently 306 0.45

Almost daily 201 0.3

Continuous 

variables

Mean SD

Age (years) 13 1.8

Subjective 

family 

socioeconomic 

status

5 1.7

SD, standard deviation. Subjective family socioeconomic status was scaled from 0 to 10. 
MVPA, moderate to vigorous physical activity.

TABLE 2 The association between adherence to 24-h movement 
guidelines and smoke.

OR 95%CI p

Number of guidelines met

0 1.62 1.03 2.56 0.04

1 0.96 0.61 1.52 0.87

2 0.84 0.52 1.34 0.46

3 Reference group

Combination of guidelines met

None 1.58 1.00 2.49 0.05

Sleep only 1.11 0.68 1.79 0.68

Screen only 0.80 0.50 1.26 0.33

MVPA only 2.69 1.65 4.38 0.00

Sleep + screen time 0.55 0.33 0.91 0.02

Sleep + MVPA 1.52 0.81 2.85 0.19

Screen time + MVPA 1.30 0.78 2.15 0.31

All Reference group

OR, Odds Ratio; CI, Confidence Interval; Std. err, standard error; MVPA, moderate to 
vigorous physical activity; z, z value; p, p-value.

TABLE 3 The association between adhering to 24-h movement guidelines 
and drink.

OR 95%CI P

Number of guidelines met

0 2.07 1.63 2.63 0.00

1 1.40 1.10 1.77 0.01

2 1.22 0.96 1.56 0.10

Combination of guidelines met

None 2.04 1.61 2.59 0.00

Sleep only 1.37 1.06 1.76 0.02

Screen only 1.31 1.03 1.66 0.03

MVPA only 2.85 2.19 3.70 0.00

Sleep + Screen time 0.97 0.75 1.24 0.78

Sleep + MVPA 2.00 1.44 2.78 0.00

Screen + MVPA 1.68 1.29 2.18 0.00

All Reference group

OR, odds ratio; CI, confidence interval. Std. err, standard error; MVPA, moderate to 
vigorous physical activity; z, z value; p, p-value.
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the synergistic effects of adhering to multiple guidelines, illustrating 
that a holistic approach to health behaviors—such as combining 
adherence to sleep and screen time guidelines—can more effectively 
reduce smoking (OR = 0.55, p = 0.02). This finding supports the work 
of Barua et  al. (78), who advocate for comprehensive health 
interventions rather than isolated behavioral changes to decrease 
youth smoking. An integrated strategy may help bridge the physical 
and mental aspects of health, guiding children and adolescents toward 
a healthier lifestyle and long-term avoidance of smoking.

This study highlights the complex relationship between lifestyle 
choices and adolescent health outcomes, particularly in relation to 
drinking behaviors. The findings reveal an inverse correlation between 
adherence to the 24-HMG and the prevalence of alcohol consumption 
among children and adolescents. Notably, adherence to MVPA 
guidelines alone showed the strongest deterrent effect on drinking 
behaviors (OR = 2.85, p  < 0.001). However, not all 24-HMG 
components were associated with drinking. For instance, adherence 
to sleep and screen time guidelines combined was not linked to 
reduced drinking. In contrast, significant inverse correlations were 
found for PA alone, as well as for combinations like sleep + PA and 
screen time + PA, suggesting that physically active adolescents tend to 
focus on fitness, which correlates with lower engagement in harmful 
behaviors like alcohol consumption (79). PA is associated with 
promoting a healthier lifestyle and acts as a preventive measure against 
negative behaviors, including alcohol use, especially among infrequent 
drinkers (80). However, Liu et al. (2015) (81) highlighted that while 
PA can boost self-esteem and social connections, it might 
paradoxically increase alcohol consumption due to greater social 
opportunities (82), indicating that adolescent drinking behaviors are 
influenced by broader social contexts. Additionally, adherence to 
screen time guidelines also contributed to reduced drinking rates 
(OR = 1.31, p  = 0.028), likely due to reduced exposure to alcohol-
related advertising (83). Furthermore, sufficient sleep was linked to 
lower alcohol consumption (OR = 1.37, p = 0.015), as proper rest is 
associated with reduced stress and improved decision-making, which 
lowers the likelihood of drinking to alleviate stress (84). The combined 
adherence to sleep and PA guidelines significantly reinforced this 
inverse relationship (OR = 2.85, p < 0.001), supporting Bhochhibhoya 
and Branscum’s (85) assertion that an integrated behavioral strategy 
can effectively decrease the propensity for alcohol and drug use among 
children and adolescents. This study provides several implications for 
enhancing adherence to the 24-HMG among Chinese children and 
adolescents, with a particular focus on public health policies and 
educational strategies. A key takeaway is the pivotal role of school and 
family environments in fostering a healthy lifestyle (86–88). Schools 
can optimize their facilities to encourage PA, incorporate proper sleep 
schedules, and establish norms for screen use within their educational 
programs. These initiatives align with findings from previous studies 
that emphasize the importance of school-based interventions in 
fostering healthy behaviors among children and adolescents (89). 
Additionally, government policies could be  instrumental in 
establishing and enforcing standards for physical education in school 
curricula. Such policies should not only prioritize PA as a fundamental 
component of quality education but also provide structured 
alternatives to minimize unsupervised screen time, supporting earlier 
research that links reduced screen time with better health outcomes 
(90). Moreover, regular family health awareness seminars could 
improve the effectiveness of guideline implementation, as 

family-based interventions are crucial for promoting children’s 
adherence to healthy behaviors (91). Given the cultural context of 
China, where the education system and family structures often 
emphasize academic performance, creating significant competitive 
pressure on teenagers (92, 93). It is essential to integrate mental health 
support with physical health measures and substance use management. 
Achieving these goals will require coordinated efforts among schools, 
families, and government entities to significantly enhance the public 
health status of China’s youth and reduce the prevalence of harmful 
behaviors such as smoking and drinking. While this study provides 
valuable insights into the relationship between adherence to lifestyle 
guidelines and youth behavior in China, future research should 
further explore broader environmental factors. Such research would 
help clarify the underlying influences on these behaviors and more 
effectively guide public health interventions.

This study demonstrates both strengths and limitations. One 
significant strength lies in its comprehensive approach, encompassing 
a wide array of lifestyle factors and utilizing diverse indicators to 
thoroughly evaluate the cumulative impact of health behaviors. 
Furthermore, the study benefits from a large sample size, which 
contributes to robust data sets, facilitating a more nuanced 
understanding of correlations between indicators and bolstering the 
generalizability of the findings within the Chinese context. However, 
a primary limitation stems from the reliance on self-reported data, 
which introduces the possibility of response bias. Participants may 
tend to underreport behaviors perceived as negative, such as smoking 
and drinking, potentially biasing the results. Additionally, the study 
does not delve deeply into the causal relationships between various 
external factors and health behaviors. For example, the influences of 
socioeconomic status and educational environments on adolescent 
behavior were not thoroughly explored.

5 Conclusion

This study investigates the influence of adhering to 24-HMG on 
smoking and drinking among children and adolescents. The results 
suggest that while more than half of the participants adhered to at least 
two of these guidelines, compliance with PA recommendations was 
notably lower. Importantly, the data unveiled a distinct correlation 
between adherence to these guidelines and a decrease in smoking and 
alcohol consumption. This underscores the inverse link between 
following the guidelines and participating in harmful behaviors, 
thereby emphasizing the study’s aim to demonstrate how daily habits 
can steer adolescents toward healthier lifestyles.
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Relationship between Chinese 
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mediating effects of self-control 
and gender
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Objective: This study aimed to explore the impact of attitudes toward physical 
exercise on college students’ psychological capital and its mechanism of action, 
providing new pathways and scientific evidence for enhancing psychological 
capital among college students.

Methods: A total of 519 college students (mean age: 19.95  ±  1.34) were surveyed 
using a questionnaire.

Results: (1) Attitudes toward physical exercise have a significant direct predictive 
effect on college students’ psychological capital; (2) Attitudes toward physical 
exercise can indirectly predict psychological capital through the mediating 
role of self-control; (3) The influence of attitudes toward physical exercise on 
self-control is moderated by gender, with a greater impact on female college 
students than on male students.

Conclusion: (1) This study investigated the mechanism by which attitudes 
toward physical exercise influence psychological capital through self-control 
and gender differences; (2) The study revealed the positive role of psychological 
capital, with a significant predictive effect of attitudes toward physical exercise 
on college students’ psychological capital (B  =  0.46, p  <  0.001), and identified the 
reasons for gender differences, with attitudes toward physical exercise having a 
stronger promoting effect on self-control in female college students (B  =  0.26, 
t  =  3.80, p  <  0.001). It provides guiding suggestions for enhancing psychological 
capital by fostering attitudes toward physical exercise among college students.

KEYWORDS

attitude toward physical exercises, psychological capital, self-control, gender, college 
students

1 Introduction

In July 2021, the Ministry of Education issued a circular on strengthening the management 
of students’ mental health, stating: “Sports, aesthetic education, labour education, and campus 
culture play an important role in promoting the development of students’ mental health in all 
aspects.” On 29 November of the same year, the Ministry of Education convened a national 
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meeting to promote the mental health education of university 
students. The meeting was deployed to promote the high-quality 
development of the mental health education of university students. 
Psychological capital is one of the important indicators that can reflect 
the positive psychological quality and physical and mental health 
development of college students. Having positive psychological capital 
is associated with increased self-confidence, perseverance, and an 
optimistic work ethic among college students to achieve positive 
contributions to their development (1). Studies have shown that 
attitudes toward physical activity as a psychological tendency influence 
college students’ physical activity (2), while physical activity can 
contribute to the overall physical and mental development of college 
students (3). In addition, for college students, promoting an active 
attitude toward physical exercise is one of the important ways to 
promote their overall physical and mental development (4). Therefore, 
it is worthwhile for physical education educators to explore whether 
the “physical exercise attitude” with high intervention efficiency and 
low intervention cost can promote psychological capital, so as to give 
full play to the role of physical education in improving the mental 
health of college students. This study intends to investigate the 
relationship between the attitude toward physical exercise and 
psychological capital and explore the potential mediating and 
regulating variables of the relationship between the attitude toward 
physical exercise and psychological capital of college students, so as to 
provide empirical evidence for the development of economic and 
effective sports intervention programs to promote the psychological 
capital of college students.

In the current educational context, the Ministry of Education has 
explicitly stated that physical activities play a crucial role in promoting 
the comprehensive development of students’ psychological health. 
This study responds to this policy direction by focusing on the 
relationship between attitudes toward physical activity and college 
students’ psychological capital for the first time, thereby filling a gap 
in existing research regarding the application of physical activities in 
the field of mental health education. The novelty of this study lies in 
its exploration of the direct impact of attitudes toward physical activity 
on psychological capital, as well as an in-depth analysis of potential 
mediating and moderating mechanisms, providing a new theoretical 
perspective on how physical activities can promote the psychological 
health of college students. Furthermore, this study takes into account 
the economic viability and efficiency of intervention measures, 
offering empirical evidence for the development and implementation 
of cost-effective physical activity intervention programs. Through 
these research contributions, this study aims to provide strategic 
recommendations for physical education professionals and mental 
health practitioners to foster positive psychological development and 
overall wellbeing among college students.

1.1 Psychological capital

Psychological capital is one of the important indicators of positive 
psychological quality of college students. It is the positive psychological 
ability that college students possess during their growth and 
development. Its components include self-efficacy, hope, optimism, 
and resilience (5). Among them, self-efficacy refers to the confidence 
and ability to make the necessary efforts to succeed in the face of 
challenging work. Hope means persevering with the goal and 

adjusting the path to the goal if necessary for success; Optimism refers 
to a positive attribution of present and future success; and Resilience 
is the ability to persevere, to overcome external and internal 
difficulties, to recover quickly, and to persevere in the tasks 
undertaken, even in adversity and adverse circumstances (5).

Psychological capital is a psychological resource that lies between 
state and idiosyncrasy. It is an important factor in an individual’s 
ability to gain a competitive advantage and engage in positive behavior 
(6). It is a renewable, untapped, and sustainable competitive resource 
for talent (7). Psychological capital plays an important role in college 
students’ study, life, and work. Studies have shown that positive mental 
capital helps college students develop positive attitudes and healthy 
behaviors, improves academic performance, mental health, and life 
satisfaction (8, 9), and regulates anxiety and depression levels (10).

1.2 Relationship between physical exercise 
attitudes and psychological capital

Physical activity attitude refers to the comprehensive expression 
of an individual’s attitude toward physical education and physical 
activity (64), including the three elements of an individual’s own 
cognitive evaluation of physical education, emotional experience, and 
behavioral intention. Emotional experience refers to an individual’s 
interest, confidence, and emotional factors experienced and stimulated 
when participating in physical exercise. Behavioral intention refers to 
whether an individual has the intention of participating in exercise, 
can form a certain persistence, and produce a good exercise effect (11, 
12). Studies have shown that physical activity has a significant positive 
effect on many dimensions of college students’ mental capital (13–18). 
As far as self-efficacy is concerned, physical exercise can help college 
students improve their mental toughness and happiness and keep 
them positive and optimistic, which in turn improves their sense of 
self-efficacy (19, 20). In addition, intervention studies have shown that 
moderate intensity of physical activity can effectively boost both the 
optimism and resilience dimensions of mental capital (19). This may 
be because physical activity allows exercisers to increase their sense of 
self-efficacy by mastering a variety of motor skills and successful 
experiences, leading to a more competitive mental capital, especially 
for their level of optimism and resilience development (21). The 
Theory of Planned Behavior (TPB) is a well-known theory in the field 
of exercise behavior modification, which assumes that behavior is 
determined by intention and that an individual’s attitude toward 
behavior is an integral part of that intention (22). Therefore, as an 
important factor influencing the physical activity behavior of college 
students (2, 23, 37), physical activity attitude may promote the 
formation of positive psychological capital. In light of the foregoing, 
we propose the following assumptions:

Hypothesis 1: Physical activity attitudes can positively predict 
college students' psychological capital.

1.3 Intermediating self-control

Self-control refers to a person’s tendency to overcome innate 
desires, habits, or innate behavioral responses, as well as the ability to 
sustain adaptive behavior consistently. Its role is to improve people’s 

127

https://doi.org/10.3389/fpubh.2024.1443489
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Li et al. 10.3389/fpubh.2024.1443489

Frontiers in Public Health 03 frontiersin.org

ability to resist short-term temptations, adhere to social rules and 
norms, establish good behavior habits, and develop self-restraint in 
order to achieve long-term goals (24).

Physical activity attitudes may predict higher levels of self-
control. Empirical research shows that physical activity attitude is 
closely related to physical activity behavior (2), and physical activity 
behavior is an effective way to improve college students’ self-control 
ability (25, 26). In complex physical training situations, individuals 
need to adjust and change strategies in time to the complex 
situations of peer and opponent behavior and on-court situations, 
using cognitive control functions dominated by the more complex 
frontal lobes of the brain. Thus, long-term exercise of this kind 
improves self-control (27). Self-control energy models suggest that 
the implementation of any self-control process requires the 
consumption of a holistic, short-term cognitive control resource of 
limited content (28), which, like the body’s muscle power, decreases 
when the self-control resource is depleted. Self-control energy can 
also be restored through rest (29) and improved through training 
(30). In physical exercise, increasing intensity and load while 
depleting self-control resources can lead to a physiological “pole.” 
By persisting and pushing the limits, an individual can improve 
their self-control ability (25).

In the relationship between self-control and psychological 
capital, empirical studies have shown that self-control can promote 
the formation and development of psychological capital in college 
students (31, 32) and increase the number of resources of 
psychological capital in college students (33, 34). Empirical studies 
have shown that individuals with strong self-control are able to 
engage in positive mental regulation and are more likely to exhibit 
positive emotions such as happiness, focus, and pride, resulting in 
greater mental toughness and a higher sense of self-efficacy (35, 36, 
63). Additionally, levels of self-control can positively predict mental 
health (63). Psychological capital is an important indicator of positive 
psychological quality and the physical and mental health 
development of college students (1). Therefore, the success or failure 
of self-control may have a great impact on the psychological capital 
of college students. In conclusion, the study makes the 
following assumptions:

Hypothesis 2: Self-control acts as an intermediary in the 
relationship between physical exercise attitudes and psychological 
capital. Specifically, the attitude of physical exercise can improve 
self-control, and self-control can positively predict positive 
psychological capital.

1.4 Regulating effects of gender

Gender is an important variable in examining the mechanism of 
how college students’ attitudes toward physical exercise impact their 
psychological capital. The study found that male college students were 
more physically active and motivated overall than their female 
counterparts (37, 38), and male students were more likely to 
participate more frequently (23, 38). However, under conditions of 
frequent exercise, we found that will occur, the practice or the habit 
effect that causes physical exercise to the male university student self-
control promotion is relatively weak or not obvious. In other words, 
the attitude of physical exercise may have a more positive effect on 

female college students’ self-control than that of male college students. 
Therefore, this study assumes the following:

Hypothesis 3: The relationship between physical activity attitudes 
and self-control is regulated by gender. Specifically, there was a 
stronger relationship between physical activity attitudes and self-
control among female college students.

Based on this hypothesis, this study focuses on university students 
to explore this question further and constructs a regulated 
intermediary model (Figure 1).

1.5 Research purpose

The primary purpose of this study is to investigate the relationship 
between college students’ attitudes toward physical exercise and their 
psychological capital and to explore the underlying mechanisms and 
moderating effects that may influence this relationship. Specifically, 
the study aims to examine the direct effect of attitudes toward physical 
exercise on the psychological capital of college students; identify the 
mediating role of self-control in the relationship between attitudes 
toward physical exercise and psychological capital; investigate the 
moderating effect of gender on the relationship between attitudes 
toward physical exercise and self-control, and consequently on 
psychological capital; and provide empirical evidence for the 
development of cost-effective and efficient exercise intervention 
programs aimed at enhancing psychological capital among 
college students.

By achieving these objectives, the study intends to contribute to 
the body of knowledge on the role of physical education in promoting 
mental health and wellbeing among college students. Furthermore, 
the findings are expected to offer practical implications for educational 
institutions and policymakers to design and implement strategies that 
foster a positive attitude toward physical exercise, thereby enhancing 
the psychological capital of the student population.

2 Methods

2.1 The participants

A total of 600 college students [age (19.95 ± 1.34) years] were 
selected as research subjects using a cluster sampling method. After 
excluding 81 incomplete or invalid questionnaires due to inattentive 
responses, 519 valid questionnaires were retained, resulting in an 
effective rate of 86.5%. Among them, there were 232 male college 
students (44.7%) and 287 female college students (55.3%). Among the 
participants, approximately 20% (104 individuals) reported having 
experience as student leaders, with roles ranging from class monitors 
and league branch secretaries to student council presidents, indicating 
involvement in student organizations at various levels.

To assess the economic status of the participants’ families, a 
classification based on annual household income was established, 
dividing the sample into three categories: low (with an annual income 
below 40,000 RMB, accounting for 30% of the sample, n = 156), 
medium (with an annual income between 40,000 and 80,000 RMB, 
accounting for 40% of the sample, n = 208), and high (with an annual 
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income exceeding 80,000 RMB, also accounting for 30% of the sample, 
n = 156). This classification facilitates the examination of how different 
economic backgrounds may influence students’ attitudes toward 
physical exercise and their psychological capital.

2.2 Research tools

2.2.1 Physical activity attitude scale
The scale uses the Physical Exercise Attitude Scale compiled by 

Mao Rongjian (12) to measure college students’ exercise attitude 
levels. The research scale consists of 70 items and consists of eight 
dimensions: behavioral attitudes, target attitudes, behavioral 
cognition, behavioral habits, behavioral intentions, emotional 
experiences, behavioral control, and subjective criteria. Using the 
5-point Likert scoring method, from “1” to “5” is completely 
inconsistent. The higher the participants’ overall score, the higher the 
participants’ attitudes toward exercise. The scale demonstrated a good 
fit in this study, with χ2/df = 3.45, RMSEA = 0.059, CFI = 0.99, and 
TLI = 0.98. Cronbach’s α coefficient for the scale in this study was 0.97.

2.2.2 Mental Capital Scale (PPQ)
The scale is based on the Positive Psychological Capital 

Questionnaire developed by Zhang Kuo (39), which has a total of 26 
questions divided into four dimensions: self-efficacy, optimism, hope, 
and resilience. The 7-point Likert scoring method was used in the 
questionnaire, with a score of 1 for “complete non-conformity” and 7 
for “complete conformity,” with progression in the middle. The higher 
the participants’ scores, the higher their overall level of psychological 
capital. The scale demonstrated good validity and model fit, with χ2/
df = 0.17, RMSEA = 0.07, CFI = 0.97, and TLI = 0.95. Cronbach’s α 
coefficient for the scale in this study was 0.93.

2.2.3 Self-Control Scale (SCS)
In this study, the self-control scale, as revised by Shuhua Tan and 

Yongyu Kuo (40), was used to measure individual self-control. The 
scale has 19 items, including five dimensions: impulse control, healthy 
habits, resistance to temptation, focus on work, and abstinence from 
entertainment. The questionnaire uses a 5-point scale, with one 
meaning “completely inconsistent” and five meaning “fully compliant.” 
The higher the participants’ total score, the higher their level of 

self-control. The scale demonstrated good validity and model fit with 
χ2/df = 1.533, RMSEA = 0.05, CFI = 0.93, and TLI = 0.93. In this study, 
the total scale’s Cronbach’s α coefficient was 0.89.

2.3 Research design

This study aims to systematically explore the relationship between 
college students’ attitudes toward physical exercise and psychological 
capital, employing the following research design strategies: (1) 
Sampling Method: Cluster sampling was utilized to ensure a 
representative sample from various colleges and grades of college 
students. (2) Test Administrator Training: All physical education 
teachers responsible for the testing underwent standardized training 
to ensure consistency and accuracy in the testing process. (3) 
Informed Consent: Prior to testing, participants were clearly informed 
about the purpose, procedures, and confidentiality principles of the 
study to ensure voluntary participation based on complete 
information. (4) Anonymous Questionnaire Survey: The questionnaire 
was conducted anonymously to reduce the impact of social 
expectations on responses and was collected immediately after 
completion to ensure data integrity. (5) Testing Environment Control: 
The test was conducted in a standardized physical education class 
environment, providing quiet and undisturbed testing conditions for 
each participant. (6) Time Efficiency: The questionnaire was designed 
with an emphasis on efficiency, with an average completion time 
controlled within 20 min to minimize disruption to participants’ 
normal study activities.

2.4 Statistical methodology

This study utilized SPSS 25.0 and the PROCESS 4.0 plugin for data 
management and analysis.

This study employs a suite of statistical methods to ensure the 
rigor of data analysis. Common method bias is initially assessed using 
the Harman single-factor model and further substantiated through 
principal component analysis, ensuring the reliability of the results. 
Descriptive statistics, including means and standard deviations, 
provide a fundamental description of the data characteristics for each 
variable. The interrelationships among variables are quantified using 

FIGURE 1

Research hypothesis model.
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Pearson product–moment correlation coefficients, revealing the 
associations between attitudes toward physical exercise, self-control, 
and psychological capital. Mediation effect analysis is conducted 
utilizing the non-parametric percentile bootstrap method available in 
the SPSS PROCESS macro, which enhances the robustness of the 
estimation through 5,000 resampling iterations. Furthermore, this 
study takes into account potential moderating variables, such as 
gender, by constructing moderated mediation models to evaluate their 
impact on the primary relationships. All analyses are conducted while 
controlling for student leadership experience and family economic 
status to mitigate potential confounding effects. Statistical significance 
is denoted by asterisks to distinguish different levels of significance 
(*p < 0.05, **p < 0.01, ***p < 0.001), ensuring the clear communication 
of results.

3 The results

3.1 Common method bias control and 
testing

Anonymous method and reverse scoring of some entries were 
used to control the measurement in this study. Common 
methodological deviations after data collection were examined using 
the Harman single-factor model method (41). In this assay, unrotated 
principal component analysis was performed simultaneously for all 
variable items and revealed that there were 23 factors with an 
eigenvalue greater than 1, with the first factor extracted explaining 
25.50% of the total variation, below the threshold of 40%, suggesting 
that common method bias did not significantly impact the results.

3.2 Mean values, standard deviations, and 
correlation matrices of the study variables

Table 1 presents the means, standard deviations, and Pearson 
correlation matrix for each variable. The results indicate that there are 
significant positive correlations between attitudes toward physical 
exercise and self-control (r = 0.411, p < 0.01), as well as between 
attitudes toward physical exercise and positive psychological capital 
(r = 0.495, p < 0.01). This suggests that individuals with more positive 
attitudes toward physical exercise are likely to exhibit better self-
control and possess higher levels of psychological capital. Self-control 
is also significantly and positively correlated with positive 

psychological capital (r = 0.589, p < 0.01), which may reflect the 
advantage of individuals with stronger self-control in building 
psychological capital.

Student leadership experience shows a low but significant positive 
correlation with attitudes toward physical exercise (r = 0.088, p < 0.05) 
and positive psychological capital (r = 0.142, p < 0.01), which may 
imply that the role of being a student leader is associated with a more 
positive attitude toward physical exercise and higher levels of 
psychological capital. However, the strength of these relationships is 
relatively low, indicating that other factors may play a more significant 
role in the relationships among these variables.

Family economic status is significantly and positively correlated 
with attitudes toward physical exercise (r = 0.152, p < 0.01), self-control 
(r = 0.169, p < 0.01), and positive psychological capital (r = 0.264, 
p < 0.001), indicating that students from better-off families may score 
higher in these aspects.

The standard deviation results suggest that family economic status 
(SD = 0.543) has the greatest variability, while student leadership 
experience (SD = 0.500) has relatively less variability, which may 
reflect a broader diversity in family economic status and a more 
concentrated distribution of student leadership experience in 
the sample.

Additionally, research has shown that there are significant 
differences in psychological capital in terms of gender, age, major, and 
student leadership experience, with men generally scoring higher in 
psychological capital than women (42); psychological capital increases 
with age (43, 44); and individuals with higher education have higher 
levels of optimism and self-confidence factors in psychological capital 
(45). Among the factors of psychological capital, students majoring in 
science and engineering score higher in resilience than those majoring 
in liberal arts (46). There are significant differences in the four 
dimensions of psychological capital in terms of student leadership 
experience and grade level (47). Therefore, this study also examined 
the relationship between positive psychological capital and individual 
background information such as age, major, student leadership 
experience, and family economic status, finding that positive 
psychological capital is also related to student leadership experience 
and family economic status, with specific results shown in Table 1.

3.3 Self-control intermediation testing

Intermediate effect testing was conducted using the 
non-parametric percentile bootstrap method with bias correction, as 

TABLE 1 Mean values, standard deviation, and correlation matrices of the variables studied (n  =  519).

1 2 3 4 5

1. Attitude toward physical exercise 1

2. Self-control 0.411** 1

3. Positive psychological capital 0.495** 0.589** 1

4. Student cadre experience 0.088* 0.007 0.142** 1

5. Family economic status 0.152** 0.169** 0.264** 0.159** 1

M 3.32 3.24 4.80 0.50 1.55

SD 0.535 0.613 0.823 0.500 0.543

*denotes p < 0.05, **denotes p < 0.01, **denotes the same under p < 0.001.
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implemented in SPSS PROCESS 4.0 (48). Adopting bias-corrected 
percentile bootstrap with 5000 replications for mediation effect 
analysis. According to the results of the correlation analysis in 3.2, 
there is a relationship between students’ cadre experience, family 
economic situation, and psychological capital. The present study 
controlled for these variables during the data analysis.

The results showed that after controlling for student cadre 
experience and family economic status, the direct predictive effect of 
physical activity attitude on mental capital was significant (B = 0.71, 
p < 0.001). In the mediating effect model, the direct predictive effect of 
attitudes toward physical activity on mental capital was significant 
(B = 0.43, p < 0.001). Additionally, the positive predictive effect of 
physical activity attitude on mental capital (B = 0.46, p < 0.001), and the 
indirect effect of physical activity attitude on mental capital was 
significant (B = 0.60, p < 0.001). The direct effect of attitudes toward 
physical exercise on psychological capital, along with the mediating 
effect of self-control, shows Bootstrap 95% confidence intervals that 
do not include zero (as shown in Table 2). This indicates that attitudes 
toward physical exercise can not only directly affect psychological 
capital but also indirectly affect it through self-control. The direct 
effect (0.43) and mediating effect (0.28) account for 60.05 and 39.44%, 
respectively, of the total effect (0.71). Details are presented in Table 2.

3.4 Relationship between physical activity 
attitudes and psychological capital: 
adjusted intermediate model testing

According to Wen Zhonglin and Ye Baojuan (49), all predictive 
variables were standardized in each equation, while student cadre 
experience and family economic status were controlled. The 
parameters of the three regression models are estimated as follows: 
Model 1 examined the regulatory effect of gender on the relationship 
between physical activity attitudes and psychological capital; Model 2 
examined the regulation effect of gender on the relationship between 
physical activity attitude and self-control. Model 3 examined the 
predictive effect of physical activity attitude, self-control, and gender 
interaction on psychological capital.

As shown in Table  3, in model 1, physical activity attitudes 
significantly positively predicted mental capital (B = 0.46, p < 0.001), 
but the interaction of sexual activity and physical activity attitudes did 
not significantly predict mental capital (B = −0.01, p = 0.979). Physical 
activity attitudes positively predicted self-control (B = 0.39, p < 0.001), 
and the interaction of sexual activity and physical activity attitudes 
significantly predicted self-control (B = 0.08, p < 0.05). In Model 3, 

physical exercise attitudes positively predicted psychological capital 
(B = 0.28, p < 0.001). Additionally, self-control also significantly 
positively predicted psychological capital (B = 0.45, p < 0.001), but the 
interaction term of gender and self-control had no significant effect 
on the prediction of psychological capital (B = −0.02, p = 0.576).

Based on the above results, it can be found that four variables, 
namely physical activity attitude, self-control, psychological capital, 
and gender, constitute a mediated model in which gender regulates 
the impact of physical activity attitude on psychological capital (first 
half of the pathway).

To better elucidate the moderating effect of gender, a simple 
effects analysis graph was drawn based on the different genders using 
the language of academic research in psychology. The results are 
shown in Figure 2. It can be seen that for female college students, their 
self-control level significantly increases with an increase in their sports 
attitude (B = 0.26, t = 3.80, p < 0.001), and the self-control level of male 
college students also significantly increases with an increase in their 
sports exercise attitude (B = 0.46, t = 9.16, p < 0.001). However, in 
comparison, the increase in self-control levels for female college 
students is greater. The moderation effect was tested using the 
PROCESS 4.0 plugin in SPSS (48), with 5,000 resamples. The results 
indicated that the 95% confidence interval of the moderation effect 
was [0.003, 0.163], which does not include 0, further demonstrating 
the significant moderating effect of gender. Relative to male college 
students, female college students exhibit a greater increase in self-
control levels, with an increase in their sports exercise attitudes.

In general, the self-control mediating effect was greater in the 
group of female university students, as shown in Table 4.

4 Discussion

This study selected college students as the research object and 
constructed a regulated intermediary model. The results show that (1) 
the attitude of college students to physical training can positively 
predict the psychological capital of college students; (2) self-control 
acts as an intermediary in the relationship between physical exercise 
attitudes and psychological capital; and (3) gender plays a moderating 
role in attitudes to physical exercise and self-control. Compared to 
male college students, attitudes toward physical exercise have a greater 
impact on female college students. The results will be  helpful in 
understanding the mechanism of positive psychological capital of 
college students and will have practical significance in improving their 
positive psychological quality and self-control ability.

TABLE 2 A 95% confidence interval of non-parametric percentile bootstrap for effect decomposition and bias correction.

Pathway Effect value p Bootstrap standard 
error

Confidence interval

Lower bound Upper bound

Physical Exercise Attitude → 

Psychological Capital

0.43 <0.001 0.06 0.33 0.54

Physical Exercise Attitude → Self-

Control → Psychological Capital

0.28 – 0.04 0.20 0.36

Total effect 0.71 <0.001 0.06 0.60 0.82
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4.1 Relationship between physical exercise 
attitudes and psychological capital

The results of this study show that there is a positive predictive 
relationship between college students’ attitudes toward physical 
exercise and psychological capital. Previous studies have mostly 
focused on the role of physical activity in promoting positive 
mental capital (15, 16, 18, 19). According to the theory of planned 
behavior, the attitudes that individuals develop after 
conceptualizing a particular event are important predictors of 
behavior (22). Therefore, college students with a positive attitude 
toward physical exercise tend to have higher executive power over 
physical exercise. Frequent physical exercise promotes exercisers 
to master various motor skills, which leads to successful 
experiences and feelings of self-efficacy. Experiences of 
overcoming difficulties and breaking new ground during exercise 
increase mental toughness, which is an important component of 
mental capital (21). Thus, attitudes (physical activity attitudes) 
drive behavior (regular exercise), and behavior influences 
cognition (positive mental cognition, such as mental capital), a 
pathway established in this study and supported by empirical 
evidence (50).

4.2 Intermediating self-control

This study also explores the mechanism of self-control in the 
relationship between physical exercise attitude and psychological 
capital. Intermediary variables can reveal the intrinsic mechanism of 
the influence of physical exercise attitude on psychological capital. The 
results show that the active attitude of physical training can improve 
the level of self-control, and the improvement of self-control can 
improve the positive psychological capital of college students (60).

In the relationship between physical activity attitudes and self-
control, the results were consistent with previous studies that 
individuals with good physical activity attitudes improved self-control 
and individual toughness by engaging in more physical activities (51, 
52). The results of this study are consistent with the Strength Model of 
Self-Control, which explores individual self-control based on “energy.” 
Self-control is seen as the body’s muscle, and constantly pushing 
boundaries can make muscles stronger. Similarly, self-control can 
be enhanced through exercise (24, 30, 53, 61).

In the relationship between self-control and psychological capital, 
the results of this study are consistent with previous studies that show 
that self-control predicts positive psychological capital (31–33). Dhar 
and Wertenbroch (54) argue that exercising self-control and resisting 
temptation can send clear positive self-signals. Guo Xiaoli et al. believe 
that controlling impulses and resisting temptations in life will lead to 
greater cognitive, emotional, and behavioral unity, less alienation or 
disobedience, and therefore a more positive mental state (55).

4.3 Regulating the effects of gender

Self-control acts as an intermediary between the attitudes of 
college students toward physical exercise and their psychological 
capital. The first pathway of gender regulation of this intermediate 
model is that there is a stronger relationship between the attitude 
toward physical exercise and self-control in female college students. 
This may be  due to the fact that male students tend to be  more 

TABLE 3 Regulating effect of gender on self-control mediating effect.

Predicted 
variables

Model 1: Mental capital Model 2: Self-control Model 3: Mental capital

B SE t B SE t B SE t

Physical activity 

attitudes
0.46*** 0.04 13.05 0.39*** 0.04 9.73 0.28*** 0.04 7.92

Gender 0.06 0.04 1.57 0.02 0.04 0.38 0.05 0.03 1.55

Self-control 0.45*** 0.04 12.45

Gender × physical 

activity attitudes
−0.001 0.04 −0.18 0.08* 0.04 1.97

Gender × self-control −0.02 0.03 −0.56

Family economic 

status
0.18*** 0.04 4.66 0.11* 0.04 2.78 0.13*** 0.03 3.72

Student cadre 

experience
0.07 0.04 1.82 −0.04 0.04 −1.01 0.09*** 0.03 2.65

Adjusted R2 0.28 0.18 0.45

F 42.00*** 23.96*** 71.37***

TABLE 4 Intermediate effect of self-control in college students of 
different gender.

Mediation 
effect size

Bootstrap 
standard 

error

95% confidence 
interval

Lower 
limit

Upper 
limit

Male college 

student

0.15 0.04 0.08 0.23

Female college 

student

0.21 0.04 0.15 0.28
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motivated to exercise than female students (37, 38) and that they also 
exercise significantly more than female students (23, 38). As a result, 
there may be habit effects and potential bottlenecks in the benefits 
derived from physical activity. Therefore, the effect of physical exercise 
on the self-control of male college students may be weaker than that 
of female college students. In addition, the attitudes of male college 
students to physical exercise are more of a form of social 
entertainment; female college students’ attitudes toward physical 
exercise are mainly that they can maintain health and control their 
body shape. Compared to male college students, female college 
students pay more attention to external image and body image, 
therefore, female college students’ attitudes toward physical exercise 
are more related to body management. However, body management 
exercises require more self-control, which may explain why, among 
female college students, physical exercise attitudes have a significant 
impact on self-control abilities.

Gender role theory, which describes the behavioral systems that 
individuals acquire through cultural influences based on their gender, 
can help explain the findings of this study (56). From the viewpoint of 
the gender role theory, gender stereotyping of women in Chinese 
cultural background is mostly introverted, reserved, and restrained, 
so to some extent, female university students have more self-control 
ability (62). In this study, female college students with high self-
control were more likely than male students to improve their self-
control in their study lives, so the improvement in self-control was 
more pronounced among female college students.

4.4 Proposing new correlations

The findings of this study offer novel theoretical perspectives on 
the relationship between attitudes toward physical exercise and 
psychological capital at multiple levels. Initially, our results not only 
substantiate the existing theory that there is a positive association 
between attitudes toward physical exercise and psychological capital 

but also add new theoretical depth to this field by revealing the 
mediating role of self-control and the moderating role of gender (59).

Particularly, we found that the positive impact of attitudes toward 
physical exercise on self-control is greater in female college students 
than in males, a result that highlights the significance of gender in the 
formation process of psychological capital and contrasts sharply with 
previous studies that focused primarily on the overall effects of physical 
exercise behavior. Our findings further extend the theory by Babalola 
(45) regarding the impact of education level on psychological capital, 
suggesting that attitudes toward physical exercise may indirectly affect 
psychological capital by enhancing self-control capabilities.

Moreover, our study’s results resonate with the research of Megan 
(51) and Xie Jing (52), which emphasized the role of physical exercise 
behavior in improving self-control and resilience. However, our study 
goes further to point out that this impact varies by gender, possibly 
related to gender role expectations and socialization processes. This is 
indirectly supported by the research of Natalie et al. (21), who found 
that physical exercise can enhance an individual’s sense of self-efficacy 
and psychological resilience.

Our study’s results also complement the Theory of Planned 
Behavior (22) by proposing that attitudes toward physical exercise 
directly affect behavior and indirectly influence psychological capital 
through the mediating role of self-control. Finally, our findings 
provide new empirical support for the gender role theory (56), 
especially in terms of the relationship between attitudes toward 
physical exercise and self-control. Among female college students, the 
relationship between attitudes toward physical exercise and self-
control is more pronounced, which may be  related to the higher 
attention women pay to health and body image.

By proposing these new correlations, this study not only provides 
new insights into the mechanism of psychological capital formation 
among college students but also points the way for future research. 
Future studies can further explore how gender modulates the relationship 
between attitudes toward physical exercise and other psychological 
variables in different cultural contexts, and how these relationships affect 
the construction and development of psychological capital.

5 Limitations and future directions

The limitations of this study are as follows: First, due to the cross-
sectional nature of the data, causation cannot be  inferred. Future 
researchers will need to use longitudinal data to further confirm causality 
(e.g., to study whether the relationship between variables in the model is 
bidirectional). Second, all the scales used in this study are self-reported, 
which may be influenced by social approval bias. Future research should 
consider collecting objective data for a more in-depth analysis. Third, the 
participants in this study were Chinese college students and were in the 
early years of their freshman and sophomore years, so the results should 
be interpreted with caution when generalizing to other populations or 
age groups. Fourth, other demographic variables that may be related to 
psychological capital, such as academic background, being an only child, 
family status, and urban and rural household status, are not included in 
the statistical analysis. Future studies should include as comprehensive a 
control variable as possible to ensure scientific and generalizable results. 
Fifth, according to the Health Action Process Approach (HAPA), 
people’s healthy behavior changes are classified into stages of intention, 

FIGURE 2

Gender role in regulating the relationship between physical activity 
attitude and self-control.
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planning, and action (57). Different regulatory variables, including self-
efficacy, influence exercise behavior at various stages, creating a gap 
between intention and actual exercise, even with ongoing support for 
behavior change (58). Future research should examine the mediating and 
regulating variables between physical activity attitude/intention and 
physical activity from a social and psychological point of view, further 
consolidate the results of this study, and expand the programs and ideas 
of psychological capital intervention.

6 Conclusion and implications

6.1 Positive correlation between physical 
activity attitude and psychological capital

The research finds a significant positive correlation between 
physical activity attitudes and the psychological capital of college 
students. This finding underscores the critical role of physical activity 
attitudes in promoting the positive psychological development and 
overall wellbeing of college students. Physical educators should focus 
on cultivating positive attitudes toward physical exercise among 
students to stimulate intrinsic motivation, thereby enhancing the 
consciousness and sustainability of physical activity.

6.2 Mediating role of self-control

Self-control ability is key to an individual’s self-development and 
social adaptability. This study indicates that by enhancing college 
students’ positive attitudes toward physical training, their self-control 
ability can be  effectively improved, which in turn enhances 
psychological capital. In physical education, students should 
be encouraged to set physical exercise plans and gradually increase the 
intensity of exercise to cultivate self-control and promote the 
enhancement of psychological capital.

6.3 Moderating effect of gender on the 
relationship between physical activity 
attitude and self-control

The study reveals the moderating effect of gender in the 
relationship between physical activity attitudes and self-control, 
especially among female college students, where strengthening 
physical activity attitudes has a more pronounced impact on 
improving self-control abilities. Therefore, physical educators should 
consider gender differences, pay attention to the differences in 
physical exercise attitudes between male and female college students, 
and provide additional training or guidance for male college students 
to enhance their self-control abilities. Guiding them to form a sense 
of purpose and meaning in physical exercise can then promote an 
improvement in their physical activity attitudes and self-
control pathway.

In summary, this study highlights the importance of physical 
activity attitudes in promoting the development of college students’ 
psychological capital and reveals the key roles of self-control and 
gender. These conclusions provide new perspectives and strategies for 

physical education practice to more effectively promote the mental 
health and comprehensive development of college students.
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Background: Engaging in physical activity has been demonstrated to enhance 
cardiorespiratory fitness, muscle strength, bone health, and cardiometabolic 
health. However, it is concerning that more than 80% of students globally do 
not meet the recommended standard of at least 1 h of physical activity per day. 
It is imperative to enhance student involvement in physical activities.

Objective: This study aims to investigate the effect of emotional intelligence (EI) 
on undergraduate students’ physical activity engagement (PAE), to elucidate the 
mediating role of achievement motivation (AM) and interpersonal relationships (IR).

Methods: A stratified whole-sample was used to survey 810 university students 
(19.84 ± 1.40 years). The scale items were designed to assess the participants’ 
EI, PAE, AM, and IR based on the correlation scale. SPSS and AMOS were used to 
analyze the mediating effect.

Results and conclusion: The results demonstrated a positive effect of EI on AM 
and PAE (β = 0.29, p < 0.001; β = 0.28, p < 0.001). Furthermore, AM was found to 
have a positive effect on PAE (β = 0.07, p < 0.05). Notably, AM mediated between 
EI and PAE. In conclusion, our findings provide further insight into the effect of 
EI on undergraduate students’ PAE, and reveal the mediating role of AM.

KEYWORDS

emotional intelligence, physical activity engagement, achievement motivation, 
interpersonal relationships, structural equation modeling

1 Introduction

Physical activity can be defined as any bodily movement undertaken with the intention of 
promoting health and well-being (1). It is of the utmost importance to engage in physical 
activity in order to maintain optimal health and well-being. It has been demonstrated to 
extend longevity and enhance the quality of life (2, 3). However, the World Health Organization 
has indicated that one in four adults and four in five adolescents are not engaging in sufficient 
physical activity and that more than 80% of students globally are not meeting the current 
recommendation of at least 1 h of physical activity per day (4, 5). Physical inactivity has 
become the fourth leading risk factor for death worldwide, after hypertension, smoking, and 
hyperglycemia. Individuals who are physically inactive have a 20 to 30 percent increased risk 
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of death (6, 7). Furthermore, it is the most significant public health 
problem of the twenty-first century. A deficiency in physical activity 
can be defined as a lack of sufficient physical activity engagement 
(PAE). PAE is used to describe the psychological identification of 
individuals with physical activity. This identification is based on the 
individual’s physiological involvement, cognitive arousal, and 
emotional state of sensitivity when in PAE (8). It is therefore 
recommended that the antecedent mechanisms of PAE and the factors 
that increase interest and willingness to engage in physical activity 
be explored, as this will help to obtain more benefits from exercise and 
is an effective solution to address physical inactivity.

In recent years, changes in living habits and increased study 
pressure have resulted in a significant proportion of university 
students adopting sedentary lifestyles characterized by limited 
movement and a lack of outdoor exercise (4, 9). Furthermore, the level 
of PAE among this demographic is generally deemed to 
be unsatisfactory. Previous research has demonstrated that over 80% 
of adolescents enrolled in schools worldwide fail to meet the current 
recommended threshold of at least 1 h of physical activity per day, and 
more specifically, 85% of girls and 78% of boys do not meet this 
standard (5, 10). The promotion of physical and mental health through 
increased PAE is a topic that has become a common point of concern 
for various parties, including parents, educational institutions, the 
general public, and researchers.

In light of the interdisciplinary developments that have occurred 
over time, researchers have endeavored to elucidate the attribution of 
PAE and improvement strategies from a multitude of perspectives 
(11). Among these, the role of psychology has gradually come to 
occupy a more prominent position, with evidence mounting that it 
constitutes an important factor influencing PAE (11, 12). For instance, 
emotional intelligence (EI) is a significant element in the evaluation 
of athletes’ psychological well-being. It is predominantly employed to 
investigate its influence on athletic performance (13) and motivation 
(14). Additionally, it is utilized to assess the mental states of athletes 
across diverse sporting disciplines (15, 16). EI is the capacity to 
perceive, understand, and manage emotions in oneself and others. It 
encompasses the ability to discern and utilize emotional information 
to inform one’s thoughts and actions, thereby regulating one’s own 
emotions and facilitating the successful completion of tasks. Those 
with elevated levels of EI are more likely to PAE due to their capacity 
to regulate emotions, establish objectives, and cultivate positive 
interpersonal connections (17, 18).

Achievement motivation (AM) is the psychological process that 
inspires, motivates, guides, and maintains behavior and performance 
and refers to the driving force that an individual generates when faced 
with a task, a goal, or a challenge, and it is a state of mind that strives 
for success, surpasses difficulties or achieves excellent performance 
(19–21). The process of self-regulation in PAE, whereby EI and 
AM  work in conjunction to enable individuals to modify their 
psychology and behavior in order to achieve personal, collective, and 
organizational objectives, constitutes a significant psychological factor 
that may exert an influence on the participation of university students 
in PAE (22, 23). Thus, AM may be an important ‘bridge’ for EI to 
influence university students’ PAE.

The formation of interpersonal relationships (IR) represents the 
foundation of human social interaction. The establishment of IR also 
serves to fulfill the individual’s fundamental needs for a sense of 
belonging, intimacy, and communication with others (24, 25). EI enables 

us to gain a deeper understanding of our own experiences and to 
develop the wisdom to comprehend the behavior of others, discern their 
emotions, and identify their intentions (26, 27). This facilitates our 
ability to cope with unexpected situations and difficulties in our personal 
and professional relationships (28, 29). EI is a desirable quality that 
shapes an individual’s IR and is conducive to the formation and 
maintenance of IR.

In conclusion, despite the existence of significant health issues 
related to physical inactivity among university students for decades, 
conventional strategies for increasing physical activity participation 
have yielded limited results. It is therefore necessary to consider the 
psychological factors that influence PAE and the effectiveness of 
improvement strategies. The aim of this study is to make a more 
contribution to the field of PAE. By investigating the relationship 
between EI and PAE, we  aim to gain insight into the underlying 
mechanisms that drive this relationship and provide a scientific 
foundation for the practice of improving PAE.

2 Aims and hypothesis

The research was designed to achieve the following aims:

 (1) Investigating the effects of EI on university students’ PAE.
 (2) Uncovering the Mediating Role of AM  and IR between EI 

and PAE.

Based on these aims, seven hypotheses were established:

H1: EI significantly and positively affects university students’ PAE.

H2: EI significantly and positively affects university students’ AM.

H3: AM significantly and positively affects university students’ PAE.

H4: AM mediates the influence of EI on university students’ PAE.

H5: EI significantly and positively affects university students’ IR.

H6: IR significantly and positively affects university students’ PAE.

H7: IR mediates the influence of EI on university students’ PAE.

The mediation model, which synthesizes the research hypotheses, 
is shown in Figure 1.

3 Materials and methods

3.1 Study design

This study employed a cross-sectional research design to examine 
the influence of EI on physical activity engagement and the mediating 
function of AM and IR among Chinese undergraduate students. The 
research was conducted in accordance with the ethical standards set 
forth in the Declaration of Helsinki and received approval from the 
Ethics Committee of Shandong University. All participants provided 
written informed consent.
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3.2 Participants

This study used the technique of stratified overall sampling to 
conduct a questionnaire survey in June 2024 at four universities in 
Shandong Province, targeting undergraduate students in their first to 
third years of study. The questionnaires were distributed via WeChat, 
Tencent QQ, and other social media platforms. A total of 1,206 
questionnaires were recovered, and following the removal of invalid 
questionnaires and the application of data cleaning procedures, 810 
valid questionnaires were obtained (19.84 ± 1.40 years), representing a 
questionnaire validity rate of 67.2%.

The mean age of the participants was 19.84 ± 1.40 years. Participants 
questionnaires will be excluded in the following cases: (1) Incomplete 
questionnaires, defined as those in which a significant number of 
sections are not completed. (2) Questionnaires in which the respondents 
demonstrated a lack of comprehension of the questionnaire’s content 
and provided erroneous responses, or questionnaires in which the 
respondents did not adhere to the instructions, such as skipping 
questions that did not align with the desired format. (3) Questionnaires 
exhibiting minimal variability in responses, such as those employing a 
5-point attitude scale where the respondent selects the midpoint (3) 
irrespective of whether their perceptions are positive or negative. (4) 
Questionnaires that are incomplete or illegible. (5) Questionnaires that 
are returned after the stipulated deadline. (6) Questionnaires completed 
by individuals who do not meet the requisite criteria, such as those 
completed by individuals who are not university students, should 
be  considered invalid. (7) Questionnaires that are inconsistent or 
contain obvious errors.

3.3 Measures

3.3.1 Emotional intelligence scale
In this study, we  employ the Emotional Intelligence Scale 

developed by Schutte (30, 31), as a measure of emotional intelligence 

among university students. In accordance with the principal 
characteristics delineated in the preceding section, the pertinent 
motivation items have been devised, which primarily assess the 
capacity to discern and comprehend one’s own emotions and evaluate 
the ability to perceive the emotions of others, as shown in Table 1.

3.3.2 Achievement motivation scale
In this study, we utilize the Achievement Motivation Scale, as 

compiled by Hermans (32, 33), to assess the achievement motivation 
of university students. This scale is divided into two factors: convergent 
and avoidant. It measures the tendency of university students to 
pursue high standards of athletic achievement, in terms of the 
motivation to hope for success and the motivation to avoid failure, 
respectively. These findings are shown in Table 2.

3.3.3 Interpersonal relationships scale
In this study, we make use of the Interpersonal Relationships Scale, 

developed by Garthoeffner (34), as a means of assessing the interpersonal 
relationships of university students. The scale was developed on the basis 
of Buhimester (35) and is widely used to measure the current status of 
university students’ interpersonal relationships, as shown in Table 3.

FIGURE 1

Conceptual model. EI, emotional intelligence; AM, achievement motivation; IR, interpersonal relationships; PAE, physical activity engagement.

TABLE 1 Emotional intelligence scale.

Serial number Measurement items

EI1
I will praise others when I find that they are doing well 

in some aspect of physical activity.

EI2
I want to be able to do most of the physical activity 

programs I want to do.

EI3
When doing a physical activity, I motivate myself by 

visualizing it being completed beautifully.

EI4
I will be in a good mood to face difficult physical 

activities.

EI, emotional intelligence.
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3.3.4 Physical activity engagement scale
In this study, the Physical Activity Rating Scale (PARS), which was 

designed by Hashimoto (1990) (36) and translated and revised by 
Liang and Liu (1994) (37), was employed to assess the physical activity 
input of university students. The scale encompasses three key aspects: 
exercise intensity (EI), time (ET) and frequency (EF). The scoring 
method for physical activity is as follows: AE = EI × (ET - 1) × EF, with 
a score ranging from 0 to 100. The level of exercise was classified as 
follows: low (AE ≤ 19), moderate (20 ≤ AE ≤ 42) and high (AE ≥ 43).

3.4 Statistical analysis

IBM SPSS Statistics 26.0 was used for descriptive analysis of 
relevant variables, correlation analysis, and AMOS was also used to 
analyze the mediating effects of Achievement Motivation and 
Interpersonal Relationship between Emotional Intelligence on 
Physical Activity Engagement; Cronbach’s alpha coefficients and 
validation factor analyses were used for the reliability tests, 
respectively. In this study, a total scale containing all items was 
established, and in order to ensure that the internal consistency of the 
scale was guaranteed, the internal consistency reliability coefficients 
of the scale were tested for internal consistency with Cronbach’s α 
values before conducting the validation factor analysis. In the event 
that the correlation between the item and the dimension is low, and 
the overall reliability of the remaining items in the dimension is 
significantly enhanced following their removal, the item is deleted.

4 Results

4.1 Reliability testing

As shown in Table  4, both the Cronbach’s α and CR values 
exceeded 0.7, thereby indicating that each measurement model 
exhibited satisfactory internal consistency reliability. The factor 
loadings of all observed question items were greater than 0.7, and the 
AVE values of the latent constructs were greater than 0.5, indicating 
that the measurement models exhibited good convergent validity.

4.2 Validity testing

As shown in Table 5, the KMO value is 0.893, exceeding the 0.5 
threshold, and the chi-square of Bartlett’s test of sphericity is 9374.496, 
indicating that the indicators are interrelated and suitable for factor 
analysis. As shown in Table 6, the factor loadings of each item on its 
associated variables were greater than 0.5, while the factor loadings of 
the crossover variables did not exceed 0.5. This indicates that the 
questionnaire has good structural validity.

As shown in Table  6, the factor loadings of each item on its 
associated variables were greater than 0.5, while the factor loadings of 
the crossover variables did not exceed 0.5. This indicates that the 
questionnaire has good structural validity.

4.3 Structural model

In this study, Amos data processing software was employed to 
ascertain the statistical significance of the path coefficients. A 
structural model was constructed for the purpose of testing the 

TABLE 2 Achievement motivation scale.

Serial number Measurement items

AM1
I worry about failing when it comes to completing what 

I consider to be difficult physical activities.

AM2 I do not like physical activities that measure my abilities.

AM3
I do not like doing physical activities that I do not know if 

I can do, even if no one else does.

AM4
Those physical activity programs that seem quite difficult 

worry me when I do them.

AM5
I am apprehensive about physical activities that I am not 

sure I can handle.

AM, achievement motivation.

TABLE 3 Interpersonal relationships scale.

Serial number Measurement items

IR1
Participating in physical activities with a large group of 

teammates, often feeling isolated or lost.

IR2
There is no one to talk to about the problems you face 

when you are involved in physical activities.

IR3
I was overly envious and jealous of other people’s athletic 

achievements.

IR4
I am unable to complete a physical activity with others in a 

shared friendly manner.

IR5 I have been rejected and ignored by others in physical activities.

IR, interpersonal relationships.

TABLE 4 Summary results for confirmatory factor analysis of all factors 
and items.

Variable Item Std Cronbach’s α CR AVE

Emotional 

intelligence

EI1 0.911

0.952 0.873 0.565
EI2 0.930

EI3 0.923

EI4 0.960

Achievement 

motivation

AM1 0.953

0.950 0.856 0.521

AM2 0.902

AM3 0.919

AM4 0.901

AM5 0.913

Interpersonal 

relationships

IR1 0.923

0.972 0.732 0.509

IR2 0.933

IR3 0.906

IR4 0.853

IR5 0.849

Physical activity 

engagement

PAE1 0.750
0.811 0.824 0.556

PAE2 0.909

Std, Standardized factor loading coefficients.
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hypotheses, as shown in Figure 2. The structural model demonstrated 
an acceptable fit to the data (Chi-square = 613.694, df = 99, Chi-square/
Df = 6.198, GFI = 0.893, CFI = 0.950, AGFI = 0.854). The results of the 
study are presented in Figure 2, which demonstrates that there is a 
notable positive effect of EI on AM (β = 0.22, p < 0.05). The results 
indicate that EI has a significant positive effect on PAE (β = 0.29, 
p < 0.001). Furthermore, AM has a significant positive effect on PAE 
(β = 0.10, p < 0.05). However, the data suggest that EI has no effect on 
IR and that IR has no effect on PAE (β = 0.02, p = 0.741; β = −0.01, 
p = 0.851). Thus hypotheses 1, 2, and 3 were supported. Hypotheses 5, 
and 6 were not supported.

4.4 Testing for the mediation model

The mediation model was tested using bias-corrected 
nonparametric percentage Bootstrap 95% confidence intervals (CI) to 
ascertain the extent to which the hypothesized mediation role was 
borne out. As shown in Table 7, the mediating effects were found to 
be statistically significant for both the direct and indirect effects, and 
the ‘EI → AM → PAE’ pathway was fully mediated. Nevertheless, the 
mediating effect of IR between EI and PAE was not found to 
be significant. Thus hypothesis 4 was supported. Hypothesis 7 was 
not supported.

5 Discussion

The issue of undergraduate students engaging in physical 
activity is becoming a topic of growing interest for coaches, 
educators, and sports psychologists (38–40). Nevertheless, there 
is a paucity of research examining the relationship between 
emotional intelligence and the physical activity engagement of 
undergraduate students, as well as the potential mediating 
influences. Consequently, our study will facilitate a scientific and 
systematic comprehension of the evolving patterns of PAE by 
examining the factors that influence PAE and provide a 
foundation for addressing some of the issues surrounding 
physical inactivity among undergraduate students. The primary 
aim of this study is to investigate the effects of EI on university 
students’ PAE for the first time. The second aim was to elucidate 
the Mediating Role of AM and IR between EI and PAE. In light 
of the aforementioned considerations, this study undertook a 
questionnaire survey of university students in Shandong 
Province. The findings indicated that emotional intelligence 
exerted a direct influence on physical activity engagement, while 
only achievement motivation played a significant mediating role 
and interpersonal relationships did not.

5.1 Emotional intelligence and physical 
activity engagement

Emotional intelligence (EI) is an individual’s capacity to recognize, 
comprehend, regulate, and respond to their own and others’ emotions 
in an appropriate manner (41). The concept was initially proposed by 
psychologists Peter Salovey and John Mayer (42) and subsequently 
advanced and disseminated by Daniel Goleman (43). EI plays an 
important role in an individual’s social interactions and emotional life. 
It is closely related to a number of key areas, including interpersonal 
relationships, mental health, and professional success (44). The 
importance of EI cannot be  overstated. It affects not only an 
individual’s emotional health and well-being but also has a significant 
impact on their performance at work and in life. Those with high EI 
are frequently better equipped to cope with stress, navigate complex 
social situations, and assume an active role in teamwork (45, 46).

The results of this study indicate that EI has a significant and 
positive effect on PAE. This may be due to the fact that individuals 
with high levels of EI are better able to manage and regulate their 
emotions, thereby making it easier for them to overcome difficulties 
and challenges encountered in physical activity (44, 47). This is also 
consistent with the findings of Mikolajczak et al. (48) and Petrides 
et al. (49), which indicate that individuals with high EI are generally 
more self-motivated. This allows them to maintain higher levels of 
motivation and persistence in the face of physical activity. Therefore, 
this study provides further evidence to support the importance of EI 
in promoting physical activity.

It is therefore recommended that coaches, parents, and other 
stakeholders focus their efforts on enhancing the EI of university 
students in order to effectively increase their level of PAE. This may 
be achieved by providing diversified, interesting, and challenging sports 
programs that stimulate individuals’ interest and enthusiasm, thereby 
complementing the relationship between EI and PAE (50–52). This 
study corroborates the positive correlation between EI and university 
students’ PAE, thereby underscoring the pivotal role of EI in fostering 
exercise behavior. These findings not only enhance the theoretical 
foundation of sport psychology but also provide crucial guidance for 
practice, enabling the design of more effective physical activity strategies.

5.2 The mediating role of achievement 
motivation and interpersonal relationships

Achievement motivation (AM) can be defined as an internal drive 
that is expressed by individuals in the pursuit of success, the 
attainment of goals, the overcoming of difficulties, and in competition 
with others (53). The Achievement Motivation Theory was initially 
proposed by psychologist David McClelland (54), who posited that 
AM represents a primary motivating factor influencing individuals’ 
work ethic and is closely associated with their success and achievement 
(55). The degree of AM has a significant impact on an individual’s 
performance in learning, work, and life.

The findings of our study indicate that university students’ 
AM acts as a mediator between EI and PAE. This finding is consistent 
with the results reported by Deci & Ryan (56) and Schutte et al. (31). 
It may be posited that individuals who demonstrate high levels of 
emotional intelligence typically possess a stronger drive for 
achievement and a tendency to set and pursue challenging goals (57). 

TABLE 5 KMO and Bartlett’s sphere test.

KMO and Bartlett’s sphere test

Measure of sampling adequacy 0.893

Bartlett’s sphere test

chi-square test 9374.496

df 120

P 0.000

x2, chi-square test; df, degrees of freedom.
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This intrinsic motivational drive prompts them to demonstrate 
elevated levels of engagement and persistence in physical activities 
(58). This finding is also consistent with the tenets of self-
determination theory, which posits that an individual’s achievement 
motivation can exert a significant influence on their behavioral 
performance (56, 59). Therefore, the findings of this study serve to 
further validate the role of AM as a crucial link between EI and PAE.

However, this study did not find a significant mediating role in 
interpersonal relationships between emotional intelligence and 
physical activity. This finding may be related to a number of factors. 
Firstly, although emotional intelligence may help individuals establish 
and maintain good interpersonal relationships (57, 60), these 
relationships do not necessarily translate directly into physical activity 
engagement. Some research suggests that interpersonal relationships 
have a greater impact on mental health and well-being (61) than 
specific behavioral manifestations of physical activity. In addition, 
physical activity among university students may be more influenced 
by other factors such as time management, course load, and personal 
interests (62). Therefore, interpersonal relationships did not show a 
significant mediating effect in this process.

Therefore, it is suggested that coaches, parents, and other 
stakeholders can also use the mediating relationship of students’ 
achievement motivation between emotional intelligence and physical 
activity to effectively increase their participation in physical activity. 
Developing individuals’ emotional intelligence by setting small 
achievable goals and providing positive feedback and support can also 

significantly increase their participation (63, 64). It is also 
recommended that relevant sports psychology researchers and 
practitioners further investigate why interpersonal relationships do 
not mediate the effect and what influences it, in order to introduce 
new solutions. This study confirmed the mediating relationship of 
achievement motivation between emotional intelligence and physical 
activity participation among university students, thus highlighting the 
role of achievement motivation in promoting exercise behavior. These 
findings not only strengthen the theoretical foundation of sport 
psychology but also provide important guidance for practice and help 
to design more effective physical activity strategies.

5.3 Practical implications

This study highlights the significant impact of (EI) on PAE, 
particularly through the mediating role of AM. These findings have 
practical implications for the design of health interventions in 
universities. First, enhancing EI in undergraduate students may 
increase their PAE and potentially improve their overall health literacy 
and quality of life (65, 66). In addition, integrating EI with 
AM provides a new perspective for comprehensive interventions that 
combine mental health and physical education. By focusing on 
techniques such as emotional regulation and goal setting, students 
may experience greater self-efficacy and social support in the context 
of physical activity, which may contribute to more sustained 

TABLE 6 Results of exploratory factor analysis.

Total variance explained

Item
Initial eigenvalues Extraction sums of squares Rotational load sum of squares

Total Variance% Cumulative% Total Variance% Cumulative% Total Variance% Cumulative%

1 7.277 45.483 45.483 7.277 45.483 45.483 4.568 28.553 28.553

2 2.959 18.495 63.978 2.959 18.495 63.978 4.185 26.156 54.709

3 1.665 10.407 74.385 1.665 10.407 74.385 2.822 17.637 72.345

4 1.354 8.461 82.846 1.354 8.461 82.846 1.680 10.501 82.846

FIGURE 2

Structural model. (Chi-square  =  613.694, df  =  99, Chi-square/Df  =  6.198, GFI  =  0.893, CFI  =  0.950, AGFI  =  0.854). EI, emotional intelligence; AM, 
achievement motivation; IR, interpersonal relationships; PAE, physical activity engagement. **p  <  0.005; ***p  <  0.001.
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engagement (67). Finally, this study provides practical insights for 
educational policy development, particularly in curriculum design 
within universities. Integrating modules that address both mental and 
physical health could promote the holistic development of students, 
potentially increasing engagement in physical activity and supporting 
mental well-being (68). The interplay between EI, AM thus not only 
broadens the theoretical understanding of physical activity, but also 
offers valuable directions for education and health policy in practice.

5.4 Research insights and limitations

In the context of sedentary and physically inactive university 
students, it would be useful to elucidate the mechanisms and subtle ways 
in which emotional intelligence influences the motivational and 
interpersonal aspects of university students’ sports participation in order 
to maintain and improve their physical and mental health, and to 
provide recommendations for fostering supportive sports environments 
and student well-being within the university community as a 
contribution to a healthy and happy life. The interaction and 
communication between the three elements of sport (family, athlete, and 
coach) is crucial for motivating young people to participate in physical 
activity and for the development of their physical and mental health.

In this paper, we investigated the mechanism of the influence of 
emotional intelligence on physical activity engagement mediated by 
achievement motivation and interpersonal relationships through a 
survey of emotional intelligence and physical activity engagement of 
university students in Shandong Province. There are some limitations 
of this study, firstly, although Shandong is one of the more populous 
provinces in China, the study of university students in Shandong cannot 
reflect all university students in China, which may affect the 
generalizability of the results, secondly, the sample of subjects in our 
investigation is small, future research can consider longitudinal studies 
with larger sample sizes to further validate the relationship between 
emotional intelligence and physical activity engagement. Finally, our 
study used a cross-sectional design, which limited our ability to establish 
causal relationships between variables. This is an inherent limitation 
when analyzing this type of data. Longitudinal or controlled studies are 
needed to reexamine the causal relationships along each pathway.

6 Conclusion

Our cross-sectional study represents a significant contribution to 
the existing body of research in the physical activity field. The study 
provides new evidence for physical activity engagement among 

university students, as well as indirect promotion through the 
mediating role of achievement motivation. It is imperative that 
educators, parents, and stakeholders are cognizant of the role of 
emotional intelligence in physical activity and utilize achievement 
motivation in an appropriate manner as a means of enhancing 
physical activity engagement among university students.
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Background: It is common for older adults to move to urban communities after 
retirement, living with their adult children and caring for grandchildren in China. 
This impacts their social networks and, consequently, their psychological and 
physical health. However, research on proactive ways to mitigate the negative 
effects of social dislocation is lacking. This study examined how dancing with 
care (DWC), a new form of preventative care, promotes social integration among 
older adults in Chinese communities, focusing specifically on participants’ 
experiences related to community engagement, mutual support, volunteer 
activity, social connections, and advanced learning through their involvement 
with DWC.

Methods: Semi-structured interviews were conducted with 60 older adults who 
regularly participated in DWC in communities in southern China.

Results: DWC’s dimensions play a vital role in addressing the social integration 
of older adults. Through DWC, older adults participate in community 
activities, engage in mutual support, volunteer in various activities, develop 
social connections, and learn different things, including the use of advanced 
technologies.

Conclusion: DWC addresses older people’s social integration by providing 
opportunities to be involved in the community. It provides a promising path for 
older adults to actively engage in the revival of social capital within their social 
networks in the community. This study offers valuable insights for enhancing 
social involvement for older adults.

KEYWORDS

dancing with care, older adult, social integration, social participation, social capital, 
community, China

1 Introduction

The social isolation phenomenon presented in the literature demonstrates that, in China, 
residents have stopped gathering to chat in the current society (1–3); however, it is unclear when 
and why this has occurred (4, 5). Researchers have argued that neighbors living on the same floor 
have become familiar strangers (6–8) because they live in the same apartment building and 
seldom meet as they enter and exit the apartment building through private garages rather than 
the common entrances (9, 10). As reported in the literature, alongside declining social capital, 
elevators have become one of the few places for people to meet (7, 8, 11). Subsequently, neighbors 
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in the same apartment building or surroundings are more familiar with 
each other’s cars but rarely talk face-to-face (8, 12).

If we analyze the reasons for these social isolation phenomena, 
we can find from the literature that, for example, marketization and 
urbanization have changed lifestyles in recent decades, with many 
people moving to cities and leaving their original social communities 
(1, 2, 13). The year 2000 was a particular year for China because the 
central government promoted the development of the community 
concept and proposed new urban community development plans 
across the country (14, 15). Before the year 2000, people mostly lived 
in the same building as their colleagues because it was common for 
employers to provide apartments (7, 12, 16). After 2000, people moved 
to self-owned apartments, often in the same community, within a 
comfortable living environment because they purchased the 
apartment to ensure a comfortable living environment and better 
services under the guidelines of urban community development 
proposed by the government (8, 17, 18).

Older adults retire and move close to family members, such as 
adult children, to urban communities, where they move into 
independent living environments, such as independent apartments 
and houses, to respond to family care needs (19, 20). Simultaneously, 
older adults, who are also afraid of crime (21), implement safety 
guardrails around their houses and safety cameras outside their 
apartment front gate to increase their sense of safety along with the 
fast development of new technology (22, 23). As a result, research 
proposed that people in modern society trust digital equipment but 
less trust people like neighbors around them (24). While doing so, 
residents isolate themselves (5, 25).

Thus, some questions arise: “How do we reclaim/revive social 
networks in the urban communities?” (6, 7), or “How do we promote 
social interaction for older adults?” (7, 8). The answers lie in, for 
example, encouraging people to integrate into the community and 
social network through interactive social activities (11) or inspiring 
older adults to establish a sense of social inclusion based on their 
preferences and interests (26).

Based on this consideration, the current study aims to explore how 
Dancing with Care (DWC) promotes social integration among older 
adults in Chinese communities, focusing specifically on participants’ 
experiences related to community engagement, mutual support, 
volunteer activity, social connections, and advanced learning through 
their involvement with DWC. The current study argues that community-
based activities, such as DWC, can promote social integration among 
older adults by allowing them to participate in community activities in 
China (27). DWC involves nonprofessional dancing activities, such as 
folk, modern, street, and Latin dance, usually performed with high-
decibel and rhythmic music. While participating in DWC is not 
age-restricted, older adults after retirement are more likely to join the 
DWC voluntarily, in particular women, who mostly participate in DWC 
daily, usually in the evening, after dinner, and dance for around 2 hours 
(28). Participants may also join the DWC and dance schedules on 
weekends and during their leisure time. DWC participants usually enjoy 
their activity in community squares, public spaces, or pathways in the 
community, and usually, each DWC team has approximately 15 to 30 
members, with a few DWC teams of more than 100 members (28, 29). 
DWC is supported by community staff and often receives financial and 
structural support from local governments, making it a legally organized 
and widely accepted form of preventative care in urban Chinese 
communities. DWC has become a legal, openly organized practice (28, 
29). It is, on the one hand, formally organized in communities by DWC 

team leaders or community staff; on the other hand, it is organically 
developed by participants or leading participants in the team and forms 
a DWC team that is noticed by the community. All forms of these openly 
organized DWC practice get financial and structural support from the 
local government, and dancing leaders in each self-organized subgroup 
are formed in the community by residents.

The primary goal of DWC is to promote social inclusion for older 
adults in community activities, as well as a response to the social 
isolation many older adults face after moving to urban communities. 
They are encouraged to engage in mutual support, volunteer in various 
activities, develop social connections, and learn new skills, including 
the use of advanced technologies based on DWC. By participating in 
DWC, older adults can rebuild their social networks, improve their 
psychological and physical health, and contribute to reviving social 
capital within their communities. Over the last few decades, DWC was 
developed by the Chinese Social Welfare Department and echoes 
concepts described in the United Nations Convention on the Rights of 
Persons with Disabilities (UN CRPD) (30, 31). The DWC vision in the 
community was set up to (i) enable the unfettered exercise of choice as 
to where, with whom, and how they want to live (28, 29); (ii) provide 
support to people to participate successfully in the community (19); 
(iii) increase social involvement for older adults (26); and (iv) create a 
relatively friendly community environment and positive social 
intervention (26, 29).

Notably, DWC was promoted as a model of preventative care in 
urban communities by the Chinese government because it was 
initially designed to improve older people’s health and, in particular, 
promote early disease prevention and enhance social integration, as 
exactly what preventative care programs can do in the community (15, 
31, 32). However, DWC differs from general preventative care 
programs due to its flexible participation formation, such as dancing 
activities based on people’s interests and emotions, in which all DWC 
participants are taught to dance, share dancing experiences, or teach 
each other. General preventive care services usually include general 
physical examinations and selective programs to detect illness, which 
might lack the power to encourage people’s initiative (25). On the 
other hand, unlike ordinary preventive care, which is identified as an 
integral part of disease management regimens and makes people 
connect preventative care with medical activities (25, 31), DWC 
participants are not only invited to join dance events but also broaden 
their social network and become more included in society (32, 33). 
Non-dance activities, such as shopping, traveling, caring for children, 
or organizing parties, might also be organized based on DWC team 
members through daily communication and online chatgroups (34, 
35). However, empirical systematic analyses of the impact of DWC on 
social functions for older adults, such as social inclusion, and health 
conditions, such as mental health, are lacking. Subsequently, exploring 
how far DWC impacts older adults’ physiological, emotional, and 
social functions and mental health is significant.

Subsequently, we  offer a conceptual framework of DWC while 
integrating social capital theory, which proposes DWC dimensions 
focusing specifically on participants’ experiences related to community 
engagement, mutual support, volunteer activity, social connections, and 
the use of advanced learning through their involvement with DWC to 
promote social integration among older adults in Chinese communities. 
We conducted semi-structured interviews with 60 older adults who 
regularly participated in DWC in communities in southern China to 
investigate how older adults can actively engage in the revival of social 
capital within their social networks in the community. Furthermore, it 
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offers valuable insights for enhancing the social involvement of 
community residents.

1.1 Literature review

1.1.1 Social capital determines the scope of social 
integration

People’s involvement in community activities has declined (36).1 
Fewer residents like to interact, live an organized civic life, pay 
attention to public topics, and are enthusiastic about public welfare 
(38). Rather than engaging in community activities, residents prefer 
being alone at home watching television or digital online 
entertainment. The decline of social involvement in the community 
can be seen not only in a single country but also in different cultures 
and social contexts, such as China and the US (39). Social capital here 
refers to the interconnections between individuals in society, networks 
of social relationships, and the resulting mutual benefits and mutual 
trust among residents (40, 41). The reasons for this phenomenon are 
complex and signal a decline in social involvement; however, its 
consequences are clear (42, 43). Putnam (47, 48) views this 
phenomenon as a loss of social capital. The social capital theory 
stresses that social networks are closely related to mutual trust and 
belonging, cooperation, integrated activities in the community (44, 
45), and social interactions in daily living, including friendships, 
sympathy, empathy, and familial relationships (46, 47). Social capital 
determines the scope of social trust, social cooperation quality, and 
resident participation level (48).

When people rely solely on themselves, they feel helpless in the 
community (41). When they have good relationships with neighbors 
who, in turn, have contact with their neighbors, this expansion could 
accumulate social capital in the community, which may immediately 
meet the social needs of individuals. This allows the entire community 
to create a more comfortable and acceptable living environment (41, 
44, 49). Consequently, the community greatly benefits from the 
cooperation and social integration of individual residents who receive 
help, sympathy, emotional satisfaction, friendship, and a perception 
of inclusion (39, 41, 50). Therefore, social capital plays a role in 
promoting social integration in residents based on the main factors, 
such as urbanization and suburbanization, generational change, and 
social connections—that are closely related to enhancing social capital 
in the community.

1.1.2 Urbanization and suburbanization
As frequent moves lead to weaker community ties, neighborhoods 

with more frequent changes in residents tend to be less integrated. 
Residents in unstable communities feel less secure (51) than those in 
stable communities. Suburbanization indicates greater separation 
between work and residence and between older people and their 
peers. Owing to the increasingly sophisticated information technology, 
in recent times, suburban residents no longer shop on the main streets 
with acquaintances but in large public shopping malls (52). Moving to 
join “adult children” in suburban areas and caring for grandchildren 

1 Wang, Q. (2015). Guangchang Wu: An ethnographic study of dance in public 

spaces. Unpublished (Master’s thesis). Chinese University of Hong Kong.

has become a common phenomenon for older people. This leads to 
isolating themselves from their original social network (8). Older 
people continue to feel alone in apartments and need emotional peer 
support or “someone to talk to” (53). Urban sprawl destroys the 
“boundaries” of community residents, and commuting itself strongly 
negatively affects community participation, decreasing the big, socially 
connected communities in China.

However, older people have more flexible time after retirement; 
while some may move to the communities owing to childcare 
responsibilities, others have leisure time as grandchildren enter 
kindergarten or primary schools, given the one-child policy in China 
(3). Women’s retirement age is 55 when they are still actively involved 
in social networks (54). Some female pensioners take up flexible, 
temporary jobs based on their interests and to live an abundant life. 
Their preference for participating in community and volunteer 
activities, spending more time in entertainment, and visiting friends 
has increased compared to the past in the last three decades (54). With 
rare exceptions, most older women are more involved than men in 
various community activities (55). In addition, older people in China 
have received more financial support in recent decades from their 
increased pension levels, comprehensive poverty alleviation policy 
implementation, and family support. Consequently, older women in 
the community prefer socially integrated activities that do not 
contradict their task of supporting their families without worrying 
about money (56).

1.1.3 Social connection
It has been argued that formal social participation occurs mostly 

in labor market participation, whereas informal social participation, 
such as community activities and volunteering, occurs mainly after 
retirement (57). Formal social participation is modest among the 
youth, peaks in late-to-middle age, and decreases with retirement. By 
contrast, informal social participation peaks in young adults and 
declines as family and social responsibilities increase but increases 
again after retirement or widowhood (11, 43). Consequently, informal 
social participation tends to be  popular among older adults. 
Additionally, active older adults can start new social relationships with 
people in the same community and gain a positive reputation among 
their peers (58). The closer the connection between older adults in a 
community, the better they maintain relationships with each other and 
within the group. If they rarely meet, they may not be able to develop 
a mutually dependent relationship or may develop a short-lived and 
weak relationship. Any community life imposes restrictions and 
demands on organizations; for example, DWC requires a program of 
meetings and organizational efficiency.

1.2 Conceptual framework of DWC

Social integration provides opportunities for involvement in the 
community, which, in turn, impacts people’s social networks, as well 
as their psychological and physical health (8, 9, 11). However, scant 
research has focused on appropriate integrative care activities for older 
adults to promote social integration in the community (5, 6). The 
current study found that DWC is a popular care activity that works 
well to solve this challenge in China. Our research explores how DWC 
promotes social integration among older adults, focusing specifically 
on participants’ experiences related to community engagement, 
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mutual support, volunteer activity, social connections, and advanced 
learning through their involvement with DWC. Subsequently, this 
study proposes DWC dimensions by integrating social capital theory.

1.2.1 Dimension 1: engagement
Based on social capital theory, people’s norms, beliefs, and values 

comprise a collective consciousness or shared way of understanding 
and behaving (57, 58), while society exerts force on individuals 
through collective consciousness and creates social integration (57, 
59). The literature argues that collective consciousness is produced by 
the actions of and interactions between individuals, producing 
common sense in a community that holds it together (37, 57, 58). 
Therefore, a community in society is a product of the individuals’ 
actions and exerts a coercive social force on individuals (57). Social 
capital theory proposes that human beings become aware of each 
other as social beings through their collective consciousness (57). 
Although collective consciousness permeates the entire society, it has 
its own characteristics and forms a well-defined reality (60, 61, 77, 78). 
It is passed down from one generation to the next (62). Scientists 
argue that collective consciousness is a social psychological form with 
its own living conditions and development patterns, just like 
individuals, but in different ways (63, 64). Therefore, behavior is 
collective if it appeals to a strong and clear collective consciousness in 
the community, which we  explain as engagement (63). People’s 
engagement in the community can neither be fully promoted through 
policies or regulations implementation nor entirely be advanced by 
social force (64, 65). However, it could be  protected through the 
passion generated by the need for social integration of residents (66). 
We argue that forming this engagement requires less supervision but 
results in self-organized behavior and self-experience (64). Therefore, 
people’s experience of participating in community activities in the 
form of DWC reflects community engagement and promotes their 
social integration (63). Consequently, DWC’s dimension of 
participation in the community promotes the development of 
engagement with social integration.

1.2.2 Dimension 2: mutual support
Social capital theory includes initiatives that promote the 

understanding of mutual support aimed at reducing social inequalities 
and exclusion. Mutual support is an individual’s enacted and perceived 
engagement with social ties, which is important for society’s well-
being (57, 60, 67, 77). The literature argues that mutual support is the 
cooperative behavior of individuals and the solidarity between them 
(50, 68), and it is the process of incorporating newcomers into society, 
which explains how well different social groups interact with and 
accept each other (28, 64). Through mutual support and cooperation, 
individuals from different groups can share equal access to resources 
and opportunities or have chances to participate in new social 
networks. This makes societies more cohesive and promotes 
understanding and acceptance (69). Mutual support and cooperation 
are important to prevent premature casualties, diseases, and social 
exclusion (70). Social networks established through mutual support 
promote people to stay healthy (71). Relatively, the DWC’s dimension 
of mutual support reflects social integration with cooperation by 
improving people’s physical and emotional health conditions. Older 
adults know each other from DWC and support by sharing 
information on daily living, shopping, and caring for children. They 
sometimes voluntarily participate in dance competitions organized by 

the government to enhance their relationships with DWC peers and 
increase their cooperation level.

1.2.3 Dimension 3: volunteer activity
Once social integration is strengthened, it enhances the attraction 

between people, increases their frequency of contact, and enhances 
the ways and opportunities, such as volunteer activities in the 
community, for people to form relationships. Social capital theory 
argues that social integration is, first and foremost, a social capital 
based on individual organisms (39, 46). Thus, it naturally has a 
survival ability; it must adapt to the needs and survival mechanisms 
of people and to their intention to engage in the social community (39, 
42, 43). Therefore, social integration outreach could be a common 
social volunteering activity. The closeness of volunteer activity 
generated depends primarily on the relationship between the 
collective consciousness and people’s will to participate in the social 
activity (38, 42). The more comprehensively the collective 
consciousness, the more active volunteer activity people have (33). By 
contrast, a weak collective consciousness will have a weak effect on 
bringing people into the community (38, 43).

Therefore, we  argue that the stronger the willingness of older 
adults to participate in DWC, the stronger their willingness to engage 
in more voluntary activity. High fluency in voluntary activity with 
DWC peers could cause people to have high perceptions of social 
integration in both participating in DWC teams and joining 
community activities. The dimension of DWC as a volunteer activity 
is consistent with this reflection and enhances social integration with 
community outreach.

1.2.4 Dimension 4: social connection
The power of social cohesion and social communication in a 

community are affected by social connection (72). People with good 
social connections produce good benefits in a community (73). 
Effective communication in the context of social connections could 
enhance significant social integration development (74). Social 
connection is explicitly seen as a means to satisfy community needs 
based on social capital theory (6, 39, 43). For example, older adults 
move into communities where their adult children live to support 
their family care needs (46). Older adults’ need for social connections 
should also be satisfied in communities by participating in community 
activities, such as DWC. Therefore, DWC offers an opportunity for 
older adults to mediate the association between social connectivity 
and social needs. It also helps older adults broaden their social 
network and accumulate wider social relationships. Thus, the DWC 
dimension as a social connection simultaneously impacts older adults’ 
social integration in the community. We  have revised the 
text accordingly.

1.2.5 Dimension 5: advanced learning
Some scholars view social integration as promoting the 

establishment of social relationships for older adults in the 
community, which are based on social networks and community 
activity (37). People who live in the same community or nearby 
communities have geographical advantages, which are easily reflected 
in participating in similar activities and establishing social contact or 
learning experiences and interests with each other (60, 77). For 
example, older adults who participate in DWC usually share similar 
geographical living places, while they could establish social 
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relationships (such as friendships) based on family relations and 
neighborhood. We argue that sharing experiences, learning from each 
other, and finding common interests through participating in DWC 
promote the development of social relationships in the community, 
which react to DWC promotion simultaneously. Furthermore, social 
relationships easily emerge within a community through mutual 
learning among older adults as DWC peers (75). For example, older 
adults’ learning experiences for physical examinations, taking care of 
the next generations, shopping for groceries, traveling with better 
plans, and participating in dancing competitions are significant for 
maintaining friendships. Thus, the DWC dimension of advanced 
learning impacts social integration by promoting 
community relationships.

2 Method

The analysis included field interview data on the prevalence of 
DWC activity in communities in the targeted provinces in China, the 
progress of DWC activity, information on the extent of older women’s 
access to DWC in their local communities, and whether they received 
any support by participating in DWC activities. Data on DWC 
development in the community were collected and reviewed by a 
research team at Anhui Normal University. The researchers were asked 
to describe DWC activities in terms of team size, form, organization, 
staffing, location, and participation. A template was used for data 
collection to retain all data sources.

In-depth semi-structured interviews were conducted with older 
adults in 12 communities in Anhui Province, South China. We used 
snowball sampling in Wuhu to select these communities (76). In 
Wuhu, officials from the Wuhu Civil Affairs Bureau were asked to 
recommend three communities that met the following criteria: (a) 
located within the jurisdiction of the selected city, (b) established for 
at least 5 years, (c) had official documents supporting DWC activities 
and practiced DWC activities continuously for more than 1 year, and 
(d) had at least one nonprofit organization (NPO) joining the 
implementation of DWC activities, lasted for more than 1 year, and 
had continuous DWC activities in the past 6 months. After 
investigating the recommended communities, we  asked the 
community leaders to recommend two or more communities that met 
the above criteria. The research team interviewed the recommended 
communities and obtained new recommendations until 12 
communities were interviewed.

Sixty respondents (five from each of the 12 communities) were 
included in the study. The interviewees were older people aged 
>60 years. We  contacted them based on the following inclusion 
criteria: older than 60 years, lived in the community for at least 
9 months in the last year, participated in DWC at least once a week 
during the past 12 months under normal conditions (not sick, good 
weather, and available on location), able to clearly express their views, 
and willing to participate in the research after understanding its 
purpose. With the support of community staff and NPO leaders in 
each community, we  randomly selected residents who regularly 
participated in DWC activities via the WeChat group, divided users 
into multiple WeChat groups, deleted duplicates based on their 
usernames and avatars, and randomly selected ten candidate residents. 
One person was randomly selected from the ten selected residents; if 
they refused to participate in our study, we randomly selected another 

person from the remaining nine residents. This process was repeated 
until five residents were selected from each community.

The interviewers were well-trained research assistants 
(postgraduate students) and our skilled and experienced research 
team members, who had conducted resident interviews for more than 
3 years. We invited nine postgraduate students majoring in public 
administration as student research assistants to run interviews. Before 
conducting the formal interview into practice, they were systematically 
trained and practiced at least five times to ensure that they could 
conduct the interview smoothly and handle problems that might 
occur during the interviews. At the same time, during each interview, 
experienced researchers led the research assistants into the community 
and communicated with the respondents in advance, informing them 
that the interview followed the principles of voluntariness and 
confidentiality and signed the informed consent. The respondents 
were aged between 60 and 81 years, with an average age of 66.92 years; 
48 were women, and 12 were men; the average number of years of 
participation in DWC was 6.55 years; and 32 self-reported having at 
least one chronic disease.

Each interview lasted between 35 and 60 min. After obtaining the 
consent of the interviewee, the research assistants recorded the entire 
interview process and transcribed the interview record into text 
materials. The members of this research team reviewed each recording 
and text. Finally, an original database containing recordings and text 
was formed, while we also numbered the interview recordings and 
text in the process. When coding and further analyzing the interviews, 
the data were randomly distributed, so the interviewer and the person 
who conducted the data analysis were not the same.

Before conducting the formal interview, we designed a detailed 
interview question outline based on the research aims and relevant 
literature (see Appendix 1), and during the interview, we tailored our 
questions based on the respondents’ interesting responses. The 
research team developed interview question guidelines based on three 
levels: primary question content (including three main questions), 
core question content (including 13 main questions), and extended 
question content (including six main questions). The interview data 
were thematically analyzed and coded using a data analysis procedure, 
which included the preparation and revision of a codebook, training, 
and evaluation for coders, independent coding by trained coders, and 
verification and implementation of the coding results. First, following 
the procedure recommended by Neuendorf (94) and Bengtsson (95), 
this was based on literature outcomes and our research aim and was 
conducted by five authors in the research team. Second, we conducted 
coders’ training and evaluation processes. The coders of this study 
consisted of two authors (the fourth and fifth authors of this study). 
We randomly selected five interviews from 60 interviews as training 
materials (independently), and then the rest of the authors analyzed 
their coding results. The Holsti coefficients of the two coders were 
between 0.738 and 0.972. All authors then discussed the tested coding 
results and gave feedback on the problems of coding. Next, we selected 
five of the interviews from the remaining 55 interviews, and our two 
coders conducted the coding again. The team members tested the 
coding results and found that the Holsti coefficients of these five 
interviews were between 0.961 and 0.994. Third, the corresponding 
author selected 25 interviews from the remaining 50 interviews and 
then randomly selected five from the remaining 25; a total of 30 
interviews were included in the formal coding process, which the first 
coder coded; the corresponding author then randomly selected five 
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interviews from the 25 interviews selected for the first round, plus the 
remaining 25 interviews from the first round, and handed them over 
to the second coder for coding. Each coder independently completed 
the coding of 30 interviews, while among these 30 interviews, both 
coders coded ten interviews. Other authors calculated their intercoder 
reliability based on these ten interviews and found that the Holsti 
coefficient was between 0.964 and 0.996, indicating that the coding 
process of this study has good intercoder reliability. In the cases when 
there were discrepancies between coders, we  asked the coders to 
follow our designed coding procedure and coding principles. Then, 
we organized a discussion meeting again with the participants, all 
research team members, and three invited experts, who discussed the 
coding discrepancies, and the consensus reached at the discussion 
meeting was used as part of the final coding results.

In the coding process, we  conducted content analysis coding 
based on the collected data and conducted relevant coding. During 
the coding process, no software was used to assist due to financial 
support limitations. The interview text from each interview was 
prepared in Chinese, translated into English, and verified by 
professional language editing services. The study was conducted 
following the Declaration of Helsinki. The research plan was approved 
by the University’s Ethics Committee (AHNU-ET2023116). During 
the implementation phase, we respected the dignity and decision-
making rights of each respondent, informed them of the research 
purpose in advance, and obtained their informed consent before 
conducting the interviews. Further, we  focused on protecting the 
respondents’ well-being. As the main interviewees were older, the time 
and location were set according to their preferences to ensure 
convenience, privacy, and safety. In addition, for 17 interviewees aged 
over 70 years, community doctors were present in the waiting room to 
address any possible emergencies. No public health problems were 
reported during the interviews.

3 Results

3.1 Community engagement

Older adults’ experience of participating in community activities 
in the form of DWC reflects community engagement and promotes 
their social integration. The DWC team usually maintains close 
connections with community staff and engages in community affairs. 
For example, they have supported the community by communicating 
important messages, such as searching for missing persons and dogs 
and seeking help for people in danger. The DWC participants joined 
the community to share emotional experiences and to feel included in 
the community:

I would not say it is a factor in all communities, but I can say they 
saved my life because Miaomiao [the cat] is a part of my life. 
I cannot imagine how sad I would have been if she died. It was 
very cold, and I lost her at night, which was my mistake of letting 
her go outside. But, the minute I sent my concern to the dancing 
group, my peers and neighbors helped me find her. I really have 
someone from whom I can seek emergency support.

Another interviewee mentioned that their brave act of saving a 
little girl from drowning was broadcast in community videos:

I received a message from the community staff to discuss the 
organization of our next DWC competition. Her phone rang, and 
someone shouted from the other side. I spread an urgent message 
to my DWC team members and went to the riverside with a 
community staff member. We could not swim, so I took a rope 
with a bamboo pole to bring the girl up. They broadcast this 
process, that is, how I met this urgent need. However, you know, 
I still remember the eyes of that girl; she was really scared.

Community staff have a channel for collecting information when 
residents need help, and most of this information comes from DWC 
team managers in the community because they have a “habit” of 
communicating with community staff about what is going on with 
older residents. An example illustrates this in a case where an older 
woman with dementia was lost, wandering in the snow, and found by 
DWC participants when they were going home after dancing. 
We found that DWC participants have fast reaction channels in the 
community chat groups either online or in practice in our interview. 
When they were eager to spread information and support other 
members, more participants from different DWC teams in the 
community reacted quickly. We  identify this finding as effective 
engagement in the community for DWC participants.

We further explore the potential reasons for the existence of such 
deep engagement in the community for DWC participants and found 
that some DWC members join in safeguarding the community 
participants; patrolling helps them connect with other residents who 
need support. They also spread messages to invite more people to join 
the DWC and request the residents to support community 
development. Moreover, DWC team leaders usually negotiate with the 
community when they need to organize competitions and practice 
places as the music may be  loud, which may result in resident 
complaints. Therefore, DWC activities encourage members to 
participate in communities through negotiation.

3.2 Mutual support

DWC’s dimension of mutual support reflects social integration 
and cooperation by improving older adults’ physical and emotional 
health conditions. Older adults know each other from DWC and 
support each other by sharing information on daily living, shopping, 
and caring for children. Older adults were asked about their social 
interactions and nostalgia levels before and after participating in the 
DWC activities. Nostalgia plays a dual role in residents’ social 
participation and integration. It may hinder residents’ social 
participation because they may view the past more positively and 
psychologically yearn for it. However, it may cause people to connect 
new things with the past, arousing their interests and making them 
willing to participate similarly in society (79). Nostalgia might be a 
factor that decreases the development of social integration in a new 
community. One way to reduce the impact of nostalgia is to recognize 
reality positively. Older adults were asked how enthusiastic they were 
about their community life. It seems that society has misunderstood 
them as a silent generation in the community in which they live as 
older adults maintain their community actively. For example, the 
respondents reported nostalgia and presence simultaneously after 
joining DWC in the community. An older female respondent said that 
the best time of her day was when she danced with partners during 
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DWC activities, leading her to remember when she enjoyed dancing 
as a young girl. For the DWC participants, happiness is a consequence 
of sharing an emotional experience and finding themselves meaningful:

… feeling a lack of usefulness in society is bad; I miss the time 
when I could manage life and make myself useful in everything as 
I was young. After joining DWC with my wife, I was inspired by 
the happiness and suddenly found that I could support other team 
members with many small things in daily life. Of course, fewer 
older men participate in DWC than women, but I do not care. 
I was inspired by the feeling of making myself useful and my life 
meaningful. I am happy.

Dancing felt like enjoying daily and building a new circle of 
friends who can do things together and support each other, as one 
participant explained:

My neighbors upstairs danced with me every evening. We felt 
happy and healthy, as it was obvious that we did not need to visit 
doctors as often as we did before. I felt an unexpected relaxation… 
Yes, [dancing] is amazing; it is an enjoyment that we should have. 
Neighbors were never so familiar before; we dance, shop, and even 
travel together. Amazing! I cannot recall wanting to travel with 
neighbors other than my DWC peers. We have each other.

The respondents also reported positive experiences with mutual 
support. The reasons for this are complex, but the key factors included 
increased social integration/connection and peer psychological 
support. Some DWC participants mentioned activities outside the 
DWC project, such as nurturing the neighborhood’s dogs or 
scheduling grandchildren’s parties, which strongly impacted their 
feelings of self-worth. The literature indicates that altruistic daily 
behaviors not only improve people’s life satisfaction and happiness (80, 
81) but also positively impact long-term health (82), and our 
respondents expressed their desire for mutual help:

They have a chat group to spread information by asking for help 
and supporting others. It is just like a family chat group, and 
everyone is so kind that it is hard to refuse…

3.3 Volunteer activity

Social integration outreach could be a common social activity 
of volunteering. The closeness of volunteer activities depends 
primarily on encouraging older adults to participate in social 
activities in the community. High fluency in voluntary activity with 
DWC peers could cause people to have high perceptions of social 
integration in both participating in DWC teams and joining 
community activities. Volunteer activities can reflect social 
integration within the community, which benefits older adults, 
communities, and even countries (47, 83). Civic connections can 
make older adults healthy and wise (84, 85), and life without social 
integration is unimaginable and can cause older people to 
experience loneliness (86, 87). The positive implications of 
volunteer activities allow citizens to solve common problems more 
easily, as recalled by the DWC participants. For example, some of 
the most impressive volunteer activities occurred during the 

COVID-19 pandemic and included helping disabled older residents 
with food supply and medical care service utilization. We found 
that DWC participants recalled the perception of being included in 
the social network through volunteer activities they accessed by 
joining DWC.

Volunteer activities are a lubricant for the community’s wheels of 
progress. When community members trust each other and interact, 
the cost of daily business and social interactions is significantly reduced:

…[the number of]” strangers” around us is reducing, people say 
“hello” because we helped them voluntarily and they say “this is 
‘she’ who…” I know they trust me more than they did before, and 
it feels wonderful.

We found that DWC provides the chance to interact with more 
people and share experiences and emotions of voluntarily supporting 
each other. While volunteer activity broadens cognition, cultivates a 
healthy personality, and promotes good relationships with others (88). 
People who interact subjectively with others have active connections 
and maintain character traits that benefit others in the community 
(89). For example, we  recognized a DWC participant who had 
voluntarily checked for parabola problems on the high floors of 
community buildings for 4 years during our interview. This DWC 
participant expressed that he has changed his behavior and believes 
that more DWC participants can help others do the same by sharing 
their volunteer experiences to encourage more potential participants 
to join their DWC team.

Additionally, older adults with abundant volunteering experience 
can cope with trauma and overcome diseases more effectively. Our 
study indicates that volunteering improved health and well-being (47):

When I first moved into the community, I was a little worried 
about the safety of my family, so I did not dare go out at night. 
Later, I got to know my neighbors who lived downstairs. They 
took me to the DWC, and I  got to know many peers in the 
community. I also know that the community is safe. Now I am no 
longer afraid of going out at night. People I know help me when 
I encounter problems. In addition, my fellow DWC dancers and 
I  distribute brochures to prevent telecom fraud among other 
community residents. I  also learned a lot about preventing 
telecom fraud and will definitely not be  defrauded by online 
scammers. I never thought that DWC would have benefits. Not 
only does it make me healthier, but also helps me avoid feeling 
lonely and afraid.

3.4 Social connection

DWC offers an opportunity for older adults to mediate the 
association between social connectivity and social needs. It also helps 
older adults broaden their social network and accumulate wider social 
relationships. A community is directly reflected in the people living in 
it (89). Participation in DWC further develops a collective sense in 
which people join, influence each other, and coordinate the group. 
Thus, DWC combines the characteristics of the communities, forming 
people’s perception of belonging (34). Consequently, participating in 
activities such as DWC is associated with developing common 
relationships in the community, as stated by an interviewee:
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The most obvious change is having dinner. I did not notice 
when my neighbors started ringing my doorbell to share 
dishes. After that, I  did the same to share what I  cooked. 
You know, for a long time, people did not care what others had 
for dinner.

Thus, the DWC dimension as a social connection simultaneously 
impacts older adults’ social integration in the community. Similar 
activities for older adults engaging in DWC are needed for friendships 
to flourish. However, they must have easy and regular gatherings to 
connect and maintain friendships. For example, activities organized 
by a DWC team are of direct significance.

Writing something to friends, such as a card, to celebrate is rare 
today. People say “young children” do not like it anymore. But, 
I think we still like this, just that no one cares. I am excited that 
my friends in the DWC team reminded me of this by sending a 
Chinese Lunar Year greeting card to me. We kept doing this in the 
following years, just for happiness.

Social connections created by DWC enhanced the “hands-on” 
culture in the community which has been reducing in the past decades 
in China. Older people are still excited about recalling the classic 
forms of community and social interaction activities, such as cutting 
paper, cooking, and writing Chinese calligraphy together.

3.5 Advanced learning

The DWC dimension of advanced learning impacts social 
integration by promoting community relationships. We found that 
learning from others stimulated common preferences within the 
community. Specific ideas and feelings are derived from this original 
preference (90). Different types of preferences, such as physical and 
mental conditions, express both ongoing and temporary characteristics 
(91). Similar interests and preferences can bring people together, 
leading them to join similar community activities (14), as expressed 
by the participants:

No one tells me how to integrate into the group but myself. I can 
dance when I see others, and I can do it well. It feels like dancing, 
and the music brings us together. We should have been old friends 
long before, but just not seen each other for a long time, instead 
of new peers in the community.

DWC promotes social connection by enhancing common habit 
formation, which was initially pleasant and enjoyable for older people 
and which people recognize as their preference. Thus, special 
behaviors based on preferences are more likely to become habitual and 
appear uniquely—a certain way of life that, as a habit, makes people 
feel comfortable and is ultimately indispensable to them, such as 
DWC. A close social connection may enable people to integrate more 
socially with assimilation, which could be reflected in honesty and 
trust (92). Those who have moved from rural to urban areas, especially 
older adults, have relatively low trust because they do not know the 
people around them and do not understand their communities. 
Moreover, they lack confidence (93). When residents have low trust, 

they may wrongly express their feelings about the social environment 
(86, 87). The more unfamiliar the action, the more painful, boring, 
and unwilling people are to do it.

On the contrary, this study found that DWC not only promotes 
the common preferences and habits of older people but also stimulates 
them to form common memories of DWC. Habits and memories are 
related to each other (94). Memory breaks away from habits and 
sublimates into a special form that exists in people’s cognition (95). 
Habit returns as an increasingly powerful force (94). Therefore, 
emphasizing habits and the interaction of memory and habit can 
encourage people to incline towards conscious or unconscious actions 
over time (96), such as performing DWC. Consequently, only 
increasingly smaller or more common stimuli are needed to manifest 
the action of the DWC. Being accustomed to DWC is equivalent to 
affirming it, and liking it is consistent with affirming it. We argue that 
if a preference for DWC habits accompanies the memory of DWC, 
DWC could be a cultivated memory.

4 Discussion

The current study argues that DWC has demonstrated its 
potential to promote the social involvement of older adults in the 
community. First, DWC activities offer older adults a chance to have 
a pool of peers to resort to when they feel lonely and helpless. It 
provides an opportunity to talk to someone while attenuating 
physical and emotional pressures through dancing together. DWC 
provides another dimension of supporting older people in the 
community compared with other social interventions as it supports 
older adults in making friends and establishing connections with 
DWC peers, sharing different social activities such as shopping, 
sending grandchildren to kindergarten, or cooking together based 
on dancing networks that established in the primary period. In 
response to social capital theory’s impact on social integration, 
DWC has a broadening impact on multiple perspectives of older 
adults’ social lives.

Second, DWC provides a place and possibility for older adults 
to engage in social participation rather than older adults’ willingness 
to engage in social participation, which leads to DWC activities. 
DWC participants gather to chat, share feelings, support each other, 
and expand their social networks so that more people are included 
in the DWC social network. Participation in DWC supports older 
adults’ sense of contribution to the place they share, such as a 
community. Their enthusiasm for offering volunteer support in the 
community proves this argument. Thus, the response to the 
literature review is that older adults do not change their ideas of 
living or decrease their enthusiasm for contributing to society. 
Instead, they become more enthusiastic about community activities 
as they age. They are also eager to over-participate as a lifestyle 
choice in public life. The problem that blocked their enthusiasm 
before was that they could not find a way to express their willingness 
suitably. Under these circumstances, DWC provides them with a 
valuable chance, and their enthusiasm for volunteering through 
DWC activities in the community supports this idea. The older 
DWC participants found satisfaction in volunteer activities to 
support their peers and collect information on volunteering shared 
by peers with similar interests.
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Third, the development of new digital technology has enabled 
flexibility in joining communities from home. However, it has 
increased social communication anxiety among older adults, who 
need a community life more than they did before. It is argued that the 
nature of the community has changed quantitatively from traditional 
ways such as face-to-face to digital ways of online chat and video 
activities, which do not need older people to participate in person; 
moreover, these communities occupy a larger part of our social lives. 
Currently, many older adults encourage frequent collaborations 
among their peers. However, casual and pleasant social relationships 
in the community are interrupted by the new digital forms, and older 
adults are either unwilling to adapt to this new form because they are 
not used to it or are unable to accept it owing to their inability to use 
digital equipment. However, participation in DWC activities has 
become one of their high-quality choices, which allows them to learn 
from each other and help keep up-to-date with the high-tech 
development, such as sharing experiences on using smartphones and 
software in digital equipment for online shopping, visiting doctors 
through digital appointments, and checking blood test results online, 
in a way peers can understand.

Fourth, the emerging trend of DWC in the community has 
created extensive value that needs to be explored by comparing the 
findings with existing interventions for older adults, such as the 
establishment of a community club, similar interesting groups, 
volunteering mutual support activities, health care support, etc. both 
in China and globally (97–100). It is necessary to awaken to the new 
era of diversity and social responsibility to develop community 
activities meant to enhance social integration for older adults. Older 
adults’ lives have changed with marketization and urbanization. The 
current lifestyle encourages older adults to participate in community 
activities while enhancing their social networks. Modern society 
calls for older adults to move to these new communities while 
following their preferences and creating socially integrative 
memories. DWC paves a new way to enhance our sense of 
community integration for older people in China. Through DWC, 
older adults can actively create connective social capital, which 
requires their willingness and motivation. Nevertheless, natural 
feelings of relaxation, happiness, involvement, and need are the main 
attractions of DWC. Singing, walking, dancing, advocating, and 
participating in activities together through DWC could be an aim, 
irrespective of ideology or social status. Subsequently, the study 
further provides valuable insights into enhancing global social 
involvement, which situates DWC in a broader context and 
highlights the unique contribution it makes to the field.

5 Conclusion

Rapid urbanization has drastically changed people’s lifestyle. 
Consequently, older adults often move from their original residence 
to urban communities post-retirement. This affects their existing 
social network and makes them feel less utilized. DWC is a community 
activity that has rapidly spread across communities in China and helps 
older adults come together to dance, connect, volunteer in social 
activities, and develop their social network. This study conducted 
semi-structured interviews with older adults participating in 
community-based DWC activities and evaluated the dimensions in 
which they benefited from DWC. The findings demonstrate that DWC 
helps older adults integrate into a new community and feel valued 

while enhancing their mutual learning opportunities and providing 
opportunities to participate in volunteer activities. Our study 
contributes significantly to the literature because it provides evidence 
of how DWC supports the social integration of older adults. The 
current study highlights a novel approach that can be  followed 
worldwide to improve older adults’ physical and mental health and 
well-being.

5.1 Limitations

This study, however, has its limitations as, first, it mainly focused on 
Chinese examples. Future studies should examine the preventative care 
ideology in other cultural backgrounds with a global perspective. Second, 
this study used a qualitative method to conduct an in-depth discussion 
on the effects of DWC on older adults’ social integration in the 
community. Future research should be conducted using a quantitative 
design and a highly reliable and valid questionnaire to interview people 
participating in DWC. It would be better if a longitudinal design survey 
were used. Combining quantitative and qualitative research will also help 
us better understand DWC from multiple aspects. Third, this study 
mainly focused on the social integration of older adults. However, there 
are also young and middle-aged people participating in DWC. Future 
research should include more age groups to expand the research scope 
to DWC. Fourth, the current study does not sufficiently explore the 
barriers to spreading DWC in different communities or regions. Future 
research could include reflection on the feasibility, scalability, and 
potential barriers to the widespread adoption of DWC.
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The impact of atmospheric 
pollutants on the physical health 
of college students——based on 
physical examination data of 
college students from a certain 
university in Xi’an, Shaanxi 
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1 International Business School, Shaanxi Normal University, Xi'an, Shaanxi, China, 2 Physical Education 
and Sports Science Center, Xi’an Jiaotong University, Xi'an, Shaanxi, China

Background: Air pollution, particularly particulate matter (PM2.5/PM10), poses a 
significant environmental health threat in urban China. While previous research 
has primarily focused on older adult populations, the impact of air pollution 
on college students—an important yet underexplored demographic—remains 
largely unclear. This study investigates the effects of air pollutants on physical 
fitness and lung function among students at a university in Xi’an, a city known 
for its persistent air quality challenges.

Methods: We used longitudinal physical examination data (2019–2022) from 
21,580 college students to perform empirical correlation regression and kernel 
density estimation. Trends in physical fitness and vital capacity scores were 
analyzed alongside air quality indicators (AQI, PM2.5, PM10, CO). A mixed cross-
sectional econometric model controlled for individual characteristics such as 
height (mean = 170.66 cm, SD = 8.37), weight (mean = 64.94 kg, SD = 13.40), 
gender (mean = 0.313, SD = 0.464), and environmental factors such as 
temperature, wind speed, and green coverage (mean = 41.22, SD = 1.45). 
Physical fitness scores exhibited high variability (SD = 9.62, range = 10.2–109).

Results: Air pollution was significantly associated with a reduction in physical 
fitness scores. A 1-unit increase in the AQI was linked to a 0.1094-unit decline 
in fitness scores (p < 0.01). The negative effect was further amplified by PM2.5 
(β = −0.2643) and CO (β = −11.5438). Senior students, especially females, 
showed increased vulnerability to the adverse effects of pollution. Trends in lung 
capacity mirrored those in physical fitness, with outliers suggesting individual 
susceptibility. Notably, reduced green coverage was found to mediate 22% of 
the health impact of pollution (p < 0.05).

Conclusion: This study highlights the disproportionate health impact of air 
pollution on college students, emphasizing the need for policies that focus 
on reducing emissions, expanding campus greenery, and promoting health 
education. Future research should incorporate individual fixed effects and 
broaden the study to include a wider range of regions and universities.
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1 Background

Air pollution is one of the most serious environmental health risks 
globally. According to the World Health Organization, environmental air 
pollution is estimated to cause 4.2 million premature deaths worldwide 
in 2019 (1, 2). It is emphasized that particulate matter pollutants such as 
PM2.5 in the air pose significant health hazards. Particulate matter (PM) 
refers to suspended particles in the air with a diameter less than or equal 
to 2.5μm (3). These particles come from sources such as vehicle exhaust, 
industrial emissions, and the combustion of coal and fuel. Due to their 
small particle size and light weight (4), they can remain suspended in the 
air for a long time, altering the refractive index of light in the atmosphere 
and reducing air visibility. Furthermore, they typically enter the body 
through the lungs, transfer to various organs, and accumulate, causing 
inflammation and having a significant impact on health and the 
environment (5). Numerous studies have shown that prolonged exposure 
to pollutants can lead to airway inflammation and spasms, affecting 
respiratory function (6), Severe air quality pollution significantly 
increases the incidence and mortality of diseases such as respiratory, 
cardiovascular, and acute myocardial infarction, seriously harming 
human health and reducing life expectancy (7).

The impact of air pollution on human health is a problem of 
common concern across disciplines worldwide. From the perspective 
of natural sciences, the adverse effects of air pollutants on human health 
have been extensively studied (8, 9). Fields such as environmental 
science and pathology have unique advantages in this regard. However, 
natural sciences often struggle to address the economic and social 
factors behind environmental health issues and their impacts, and 
overlooking these factors may result in environmental health policies 
lacking specificity and effectiveness. In contrast, economics has the 
ability to translate endogenous mechanisms into real policy implications 
and provide relevant insights by integrating various social factors.

Grossman theoretically establishes the relationship between air 
pollution and health by incorporating the physiological law of individual 
health deterioration with age into the residents’ health production 
function (10) and Cropper further introduces air pollution into the 
model, thus establishing the link between the environment and health 
(11). One study (12) combine theoretical models with empirical data, 
verifying Grossman’s model conclusions and finding that air pollution 
accelerates individual health depreciation from physiological, 
psychological, and social adaptability perspectives, with long-term effects. 
Some scholars have constructed a model to measure the environmental 
and social health costs of economic growth and found that the substitution 
effect of economic growth on residents’ health is far greater than the 
income effect, leading to an overall decline in social health levels (13–15). 
Other scholars have further found from the perspective of social equity 
that due to heterogeneity of residents, health problems caused by air 
pollution have led to more health inequality (16, 17).

Although the above work has been completed, there are still gaps in 
the scientific literature. Previous studies have focused primarily on the 
impact of air pollution on physical activity in the United States, with 
limited research on middle-income countries like China. In terms of air 
quality monitoring, the United States began early and has accumulated 

extensive experience. Additionally, the United States has transitioned 
from being one of the regions with severe air pollution to one of the areas 
with the best air quality in the world (18). However, since the reform and 
opening up, rapid economic development in China has led to significant 
air pollution problems, posing a major threat to public health in the 
country. According to data from the World Health Organization, air 
pollution causes approximately 2 million deaths in China every year 
(19). Furthermore, the impact of air quality on the health of young 
people has not been explored. Existing literature has concentrated on the 
older adult population, finding a significant long-term negative impact 
of air pollution on the health of middle-aged and older individuals, with 
more pronounced effects on women, residents in northern regions, and 
those with lower education and income levels (20–22). The prevalence 
of diseases among middle-aged and older adult individuals is higher in 
areas with poorer air quality (23, 24). Additionally, air pollution can 
affect the mental health of middle-aged and older adult individuals by 
harming their physical health (20, 25). To address long-term factors, 
some studies have explored the immediate health effects of pollution on 
infant birth outcomes (26, 27). Previous research has investigated the 
longitudinal relationship between air pollution levels and changes in 
weekly physical activity among freshmen at Peking University in China. 
However, the health behaviors of students were self-reported, and the 
sample sizes were small, which may have been influenced by social 
desirability bias. Consequently, there are currently no follow-up large-
sample studies on the impact of air quality on the physical health of 
university students. This study aims to construct a mixed cross-sectional 
econometric model to analyze the impact of atmospheric pollutants on 
the health of college students using physical fitness test data from a 
university in Xi’an. We hypothesize that air quality negatively affects the 
health and lung function of college students.

2 Data and methods

2.1 Sample selection and data source

“The National Student Physical Health Standards” is the 
fundamental guiding document and basic standard of education quality 
for China’s national school education work, which is an important basis 
for evaluating students’ comprehensive quality (28). University students 
need to participate in regular physical health tests every academic year. 
This test has been included as part of the talent training program, 
comprehensively evaluating students’ physical health level in terms of 
body shape, physical function, and physical fitness. Specific items 
include height, weight, lung capacity, 50-meter run, sit and reach, 
standing long jump, etc., and the scores are summarized according to 
the national prescribed indicators. The specific score calculation method 
is strictly calculated according to the individual indicators and weights 
of the national student physical health standards (29). Teachers will 
collect data in physical education classes. The attainment of students’ 
physical test results directly affects graduation (30). This study collected 
the physical test data of university students from this university from 
2019 to 2022. Due to the fact that the participants come from different 
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regions across the country, considering the impact of local air pollution 
on their physical test results, they should have resided in Xi’an for a 
certain period of time. Therefore, this study selected senior students as 
the research sample. There are a total of 21,580 research samples.

Xi’an is one of the typical large cities in the northwest region of 
China, facing multiple challenges of air pollution such as industrial 
emissions, vehicle exhaust emissions, and coal combustion. The air 
pollution is relatively serious with many universities. Therefore, Xi’an 
was chosen as the research sample. The air pollution data mainly 
comes from the Air Quality Index (AQI) published by the Chinese 
Ministry of Ecology and Environment, which is widely used to 
measure the degree of air pollution (31–33). The temperature and 
wind speed data come from the Chinese meteorological dataset, and 
the greening coverage data in the built-up areas come from the China 
City Statistical Yearbook and the Shaanxi Statistical Yearbook. Data 
processing was carried out using STATA 17.0 software, Excel software, 
etc. This study manually matched individual data according to cities 
with air pollution data and temperature and wind speed data.

2.2 Research methodology

2.2.1 Kernel density estimation
This paper employs non-parametric kernel density estimation to 

analyze the dynamic evolution of college students’ physical fitness 
scores and vital capacity scores across different years. This research 
method effectively captures the changing trends and distributions of 
college students’ physical health, enabling a more comprehensive 
analysis of their current physical well-being.

This paper  analyzes the dynamic evolution trend of college 
students’ physical fitness test scores and lung capacity scores in 
different years using non-parametric Kernel density estimation. 
Kernel density estimation has a weak dependence on the model and 
good statistical properties, with important applications in studying 
spatial distribution inhomogeneity. Suppose the density function of 
the random variable X is in the form of Equation 1:
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Nh h=
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Equation 1 is the general formula for kernel density estimation, 
( )f x  represents the density function of the individual test scores and 

lung capacity scores, N is the number of observations, iX represents 
independently identically distributed observations, Kis the kernel 
function, his the bandwidth parameter. A larger h leads to a smoother 
density curve and larger estimation bias. Therefore, this study will 
choose a smaller bandwidth while ensuring a smooth curve.
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Kernel function is a weighted function or a smoothing 
transformation function, which needs to satisfy the conditions as 
shown in Equation 2. Kernel functions include triangular kernel 
function, rectangular kernel function, Gaussian kernel function, etc. 
Empirical studies have shown that the fewer group data used, the 
greater the likelihood of selecting the Gaussian kernel function (34). 
Therefore, this study chooses the Gaussian kernel function to estimate 
the distribution dynamics and evolution trends of university students’ 
physical fitness test scores and lung capacity scores.

2.3 Variable description and research 
design

2.3.1 Variable description

2.3.1.1 Meaning of variables
Explanatory variables: based on existing research (35), atmospheric 

pollutants are measured using the Air Quality Index (AQI) published 
by the Ministry of Ecology and Environment of China. This index is 
primarily composed of the weighted average values of six major 
pollutants: PM2.5, PM10, SO2, CO, NO2, O3. The AQI ranges from 0 to 
500, with higher values indicating more severe air pollution.

Explained variable: college students’ health is measured by the 
comprehensive score of college students’ physical fitness test (CS).

Control variables: in addition to the impact of air pollutants on 
the physical health of college students, individual factors and other 
environmental influences may also play a significant role. Therefore, 
this study draws on existing research to select gender, weight, height, 
and other factors as control variables for individual differences (36–
38). Variations in gender, weight, and height can influence the Body 
Mass Index (BMI) related to health and may also affect individual 
perceptions of the external environment. Therefore, these factors are 
considered important control variables in our study. Additionally, 
average wind speed and average temperature were chosen as control 
variables for the external environment. Wind speed significantly 
impacts the natural environment, subsequently affecting human 
health. Higher temperatures can alter bodily functions and 
significantly influence human sensory perception, potentially posing 
harm to health (39).

Intermediary variable: based on the research of Satoshi and David 
(40), since atmospheric pollutants can significantly reduce the urban 
green area, the green area is selected as the intermediary variable and 
measured by the green coverage rate of the built-up area (GOA).

2.3.1.2 Descriptive statistics
Table 1 presents the descriptive statistics of the main variables. 

The results indicate that the average value of College Students’ Physical 
Fitness (CS) is high; however, the data distribution exhibits a certain 
degree of variability, with a standard deviation of 9.62, suggesting 
significant individual differences. The minimum value is 10.2, while 
the maximum reaches 109, highlighting substantial individual 
variation in the physical health of college students.

The average Air Quality Index (AQI) is 84.60, with a standard 
deviation of 4.37, indicating that the air quality index is relatively 
consistent within the sample, with a narrow range of fluctuation. The 
small difference between the minimum and maximum values suggests 
limited variation in air quality.
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The gender variable is coded as 0 and 1, with a mean of 0.313 
and a standard deviation of 0.464, indicating a relatively uniform 
gender distribution. The average height in the sample is 170.66 cm, 
with a standard deviation of 8.37 cm, demonstrating notable 
differences in height among individuals. The minimum height is 
141.1 cm, while the maximum is 207 cm, reflecting a wide 
height range.

The average weight in the sample is 64.94 kg, with a standard 
deviation of 13.40 kg, indicating considerable variability in weight. 
The significant difference between the minimum and maximum 
values illustrates the extensive distribution of weights 
among participants.

The average temperature is 14.52°C, with a standard deviation of 
0.35°C, indicating that temperatures in the sample are highly 
concentrated, with minimal fluctuations. Similarly, the average wind 
speed is 2.24 m/s, with a standard deviation of 0.23 m/s, suggesting 
that changes in wind speed are also minimal. The average value of 
Green Open Area (GOA) is 41.22, with a small standard deviation of 
1.45, indicating that the green coverage rate is relatively stable 
and concentrated.

2.3.2 Variance inflation factor test
To avoid the impact of multidisciplinary on the regression results, 

this study conducted VIF tests on the above variables. From Table 2, 
it can be seen that the VIF values of each variable are all less than 10, 
indicating no multidisciplinary issues.

2.3.3 Model construction
The study of the impact of environmental pollution on health 

originated from the health production function first established in 
1972 to analyze the micro-health needs of residents (41). The 
function takes into account many factors including income method, 
health level, education, environment, etc. In addition to being 
affected by the environment, residents’ health is also affected by many 
other factors. On this basis, Cropper (11) and Gerking (42) continued 
to improve and perfect it. This study selected college students as a 
special group for individual research, aiming to analyze the impact of 
atmospheric pollutants on the health of college students, that is, 
whether the air quality index will affect the comprehensive scores of 
college students’ physical tests. Drawing on existing research (43), the 
mixed cross-sectional measurement model’s formula, as delineated 
in this paper, is represented by Equation 3 (38):

 it it itCS AQI Zα β γ ε= + + +  (3)

Among them, itCS represents the individual’s physical fitness test 
score for college students in 2017, itAQI represents the air quality 
index, Z represents the control variables, including the individual’s 
height, weight, gender, and the local average temperature and average 
wind speed, itε which are random disturbance terms.

3 The dynamic evolution trend of 
college students’ physical fitness test 
scores and lung capacity scores

3.1 Physical fitness test results

To analyze the dynamic evolution of the physical fitness test scores 
of college students in a university in Xi’an, this paper uses Kernel 
density estimation to analyze the distribution location, spread, and 
polarization trend within the sample period. The estimation results 
are shown in Figure 1. The kernel density curve shows: (1) From the 
perspective of distribution location, the center position of the curve 
first moves to the right and then to the left, indicating that the physical 
fitness test scores of the college students first rise and then fall. (2) 
From the perspective of distribution shape, the kernel density curve 
generally shows a decrease in the height of the main peak, and the 
overall width of the wave increases, indicating that the absolute 
difference in physical fitness test scores among the college students in 
the sample period is increasing. (3) From the perspective of 
distribution spread, there is no obvious right-skewness in the kernel 
density curve of the physical fitness test scores of the college students, 
indicating that there is no phenomenon where the physical fitness test 
score of one college student is much higher than that of another 
student among the subjects. (4) From the perspective of polarization, 
there is no obvious bimodal distribution in the kernel density curve 
of the physical fitness test scores of the college students, indicating that 
there is no obvious polarization phenomenon in the physical fitness 
test scores of the college students.

Further analysis of the dynamic evolution trends of the physical 
fitness test scores of fourth-year students estimates the results as 
shown in Figure 2. The kernel density curve shows: (1) From the 
perspective of distribution position, the center of the curve first moves 
to the right and then to the left, indicating that the physical fitness test 
scores of fourth-year students initially rise and then fall. (2) From the 
perspective of distribution shape, the overall performance of the 
kernel density curve shows a decrease in the height of the main peak 
and a slight increase in the width of the bandwidth, indicating a slight 
increase in the absolute difference in test scores of fourth-year students 

TABLE 1 Descriptive statistics of variables.

Variable Obs mean sd min max

CS 21,580 74.4815 9.6155 10.2 109

AQI 21,580 84.6045 4.3706 80.3611 92.5233

gender 21,580 0.3130 0.4637 0 1

Height 21,580 170.6616 8.3706 141.1 207

Weight 21,580 64.9426 13.4004 33.5 176.7

Temperatures 21,580 14.5233 0.3463 14.1464 15.0002

Windspeed 21,580 2.2416 0.2285 1.9666 2.4583

GOA 21,580 41.2233 1.447814 39.57 43.13

TABLE 2 VIF test results.

Variable VIF 1/VIF

Windspeed 7.35 0.136012

Temperatures 5.91 0.169203

Height 2.33 0.429783

Gender 1.94 0.515206

AQI 1.65 0.606926

Weight 1.52 0.655832

Mean VIF 3.45
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within the sample period. (3) In terms of distribution stretchiness, the 
kernel density curve of the physical fitness test scores of fourth-year 
students does not show a clear right tail phenomenon, indicating that 
there is no phenomenon in which the test scores of one college student 
are significantly higher than those of another student within the 
sample. (4) In terms of polarization, the kernel density curve of the 
physical fitness test scores of the fourth-year students does not exhibit 
a clear bimodal distribution, indicating that there is no clear 
polarization phenomenon in the physical fitness test scores of fourth-
year students in the sample.

3.2 Lung capacity results

For the analysis of the dynamic evolution of pulmonary function 
scores of college students at a university in Xi’an, this article uses 
Kernel density estimation to analyze the distribution position, spread, 
and polarization trend within the sample period. The estimated 
results are shown in Figure 3. The Kernel density curve shows: (1) 

from the perspective of distribution position, the center position of 
the curve first moves to the right and then to the left, indicating that 
the pulmonary function scores of the participating college students 
first increase and then decrease. (2) From the perspective of 
distribution shape, the Kernel density curve shows a slight increase 
in the overall height of the main peak, with no significant change in 
the width of the fluctuation, indicating that there is no significant 
change in the absolute difference in pulmonary function scores of the 
participating college students within the sample period. (3) In terms 
of distribution spread, the Kernel density curve of the pulmonary 
function scores of the participating college students shows a more 
obvious right tail phenomenon, indicating that there is a phenomenon 
where the pulmonary function scores of one student in the sample 
are much higher than those of another student. (4) In terms of 
polarization, the Kernel density curve of the pulmonary function 
scores of the participating college students does not show a clear 
bimodal distribution, indicating that there is no clear polarization 
phenomenon in the pulmonary function scores of the participating 
college students.

FIGURE 1

Kernel density estimation of physical fitness test scores for college students.

FIGURE 2

Density estimation of physical fitness test scores for senior students in the fourth year.
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Further analysis of the dynamic evolution trend of lung capacity 
scores of fourth-year students estimated the results as shown in 
Figure 4. The kernel density curve shows: (1) From the perspective of 
distribution position, the center position of the curve first moves to the 
right and then to the left, indicating that the lung capacity scores of 
fourth-year students initially rise and then fall. (2) From the perspective 
of distribution shape, the overall performance of the kernel density 
curve shows a slight increase, with no significant change in the width 
of the wave, indicating that there is no significant change in the 
absolute difference in lung capacity scores of fourth-year students 
within the sample period. (3) From the perspective of distribution 
flexibility, the kernel density curve of lung capacity scores of fourth-
year students shows a more obvious right tail phenomenon, indicating 
that there are individuals among the participants whose lung capacity 
scores are significantly higher than those of other students. (4) From 
the perspective of polarization phenomenon, the kernel density curve 
of physical fitness scores of participants does not show a clear bimodal 
distribution, indicating that there is no clear polarization phenomenon 
in lung capacity scores of fourth-year students.

4 Empirical results analysis

4.1 Benchmark regression

Table  3 reports the empirical estimates of the impact of 
atmospheric pollutants on the health of college students. The AQI 
index is significantly negatively correlated with the comprehensive 
physical fitness scores of college students, indicating that 
atmospheric pollutants do have a significant impact on the health 
of college students. Specifically, controlling for individual’s height, 
weight, gender, as well as local average temperature and average 
wind speed, for every 1-unit change in the Air Quality Index 
(AQI), the physical fitness scores of college students will decrease 
by 0.1094 units. Among the control variables, the individual’s 
height, weight, and gender are significant at the 1% level, 
indicating that the control variables will also affect the differences 
in the subjects. The local average wind speed and average 
temperature have significant effects on the physical health of 
college students.

FIGURE 3

Density estimation of college students’ lung capacity scores.

FIGURE 4

Density estimate of lung capacity scores for senior students.
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4.2 Robustness test

The AQI is composed of 5 pollutants, among which PM2.5, PM10, 
and CO have attracted attention from various sectors of society (44). 
Therefore, we use the 24-h moving average data of PM2.5, PM10, and 
CO at the prefecture level from the China National Environmental 
Monitoring Station to replace AQI for robustness testing. By replacing 
the core explanatory variables, the results are shown in Table 4. The 
results show that for every 1 unit change in PM2.5_24h, the physical 
fitness test score of college students will decrease by 0.2643 units, 
which is still significant; for every 1 unit change in PM10_24h, the 
physical fitness test score of college students will decrease by 
0.0897 units, which is still significant. For every 1 unit change in 
CO_24h, the physical fitness test score of college students will decrease 
by 11.5438 units, which is still significant, but differs significantly from 
the benchmark regression results.

4.3 Heterogeneity analysis

Studies have shown that there are significant differences 
between males and females in areas such as physical fitness and 
specialization. Yang Jidong and Zhang Yiran (45) also found that 
air pollution has a greater negative impact on the happiness of 
males, while the impact on females is not significant. Further 
analysis is conducted on the heterogeneity of groups in terms of 
differences in health status when facing pollution impact. 
We conduct group regression analysis based on gender differences. 
Table 5 reports the response of male and female senior students to 
air pollutants. The results show that air pollutants have a significant 
negative impact on senior students of different genders, with each 
unit change in AQI leading to a change of 0.0708 units in physical 

fitness scores for male senior students, which is 0.116 units less 
than the change for female senior students, indicating that air 
pollutants have a greater impact on the comprehensive physical 
fitness scores of senior females.

TABLE 3 Benchmark regression results.

Variables CS

AQI −0.1094***

(−6.9113)

Windspeed 1.9222***

(2.9771)

Temperatures −2.4460***

(−6.1464)

Gender 7.2205***

(43.1107)

Height 0.3930***

(35.5821)

Weight −0.3385***

(−57.0045)

Constant 67.6473***

(14.2463)

Observations 21,545

R-squared 0.2694

***, **, *Represent significance levels of 1, 5, and 10%, respectively.

TABLE 4 Robustness test results.

Variables CS CS CS

CO_24h −11.5438***

(−6.9113)

PM10_24h −0.0897***

(−6.9113)

PM2.5_24h −0.2643***

(−6.9113)

Windspeed −288.4464*** 5.3581*** 2.9430***

(−6.8103) (9.3438) (5.0540)

Temperatures 281.0532*** −4.4773*** −4.0825***

(6.8311) (−10.7563) (−10.3086)

Gender 7.2205*** 7.2205*** 7.2205***

(43.1107) (43.1107) (43.1107)

Height 0.3930*** 0.3930*** 0.3930***

(35.5821) (35.5821) (35.5821)

Weight −0.3385*** −0.3385*** −0.3385***

(−57.0045) (−57.0045) (−57.0045)

Constant −2,966.8917*** 88.6312*** 88.6332***

(−6.7633) (15.1243) (15.1242)

Observations 21,545 21,545 21,545

R-squared 0.2694 0.2694 0.2694

***, **, *Represent significance levels of 1, 5, and 10%, respectively.

TABLE 5 Heterogeneity analysis test results.

Male Female

Variables CS CS

AQI −0.0708*** −0.1868***

(−3.5202) (−7.5460)

Windspeed 2.4933*** 0.5891

(3.0251) (0.5978)

Temperatures −2.7001*** −1.7924***

(−5.3406) (−2.9150)

Height 0.3929*** 0.3826***

(28.7413) (21.3831)

Weight −0.3521*** −0.2734***

(−52.1744) (−21.9000)

Constant 67.7523*** 72.9639***

(11.2176) (10.1434)

Observations 14,799 6,746

R-squared 0.1997 0.1212

***, **, *indicate the significance levels of 5, 1, and 10%, respectively.
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4.4 Analysis of influencing mechanisms

The analysis above confirms that atmospheric pollutants have a 
significant negative impact on the health of college students. By what 
mechanism do atmospheric pollutants affect the physical health of 
college students? Based on a comprehensive review of existing 
literature, this paper believes that atmospheric pollutants will affect 
the physical health of college students by influencing the green space 
area in urban areas.

To test the impact of atmospheric pollutants on the health of 
college students, this article takes atmospheric pollution as the core 
explanatory variable, replaces the dependent variable of model (1) 
with the green coverage rate of built-up areas, and examines the 
impact of atmospheric pollutants on the mechanism variables. Table 6 
verifies the green coverage rate of built-up areas as a pathway for 
atmospheric pollutants to affect the health of college students. The 
results indicate that an increase in atmospheric pollutants will reduce 
the green coverage area of built-up areas. Severe atmospheric pollution 
will decrease the green coverage area of urban areas, which will in turn 
affect human health. The analysis above partially confirms the 
mechanism by which atmospheric pollutants affect the health of 
college students.

5 Discussion

This study aims to investigate the impact of atmospheric pollutants 
on college students’ physical health and lung function, with a 
particular focus on how air pollution affects their physical fitness test 
scores and lung capacity. To achieve this, we employed kernel density 
estimation to systematically analyze the trends in physical fitness test 
scores among college students from 2019 to 2022. The study revealed 

fluctuations in the health status of students, especially significant 
changes in lung function, suggesting that air pollution has a profound 
effect on their physical well-being.

First, we observed a “first increase, then decrease” fluctuation pattern 
in students’ physical fitness test scores. The kernel density estimation 
results indicate that while overall test scores exhibited some volatility, the 
disparities between scores gradually expanded, with no signs of extreme 
polarization in individual health outcomes. In other words, although 
some students showed significant improvements in fitness, the overall 
trend remained stable, without a clear polarization effect. This fluctuation 
may be  linked to the seasonal variation in air pollution levels. For 
instance, spring and autumn are typically periods of more severe air 
pollution, which could have a temporary adverse impact on students’ 
physical fitness and health. However, whether long-term exposure to air 
pollution leads to lasting health deterioration requires further 
longitudinal research for confirmation. Overall, these findings suggest 
that the relationship between air pollution and college students’ health is 
not a simple linear one, but rather follows a complex, fluctuating pattern.

Further analysis revealed that lung capacity scores of upper-year 
students also followed a “first increase, then decrease” trend. Similar to 
the volatility observed in overall fitness scores, lung capacity scores 
exhibited significant fluctuations during certain periods. We hypothesize 
that as students advance in their academic years, their academic pressure 
and lifestyle changes may partially mitigate the direct effects of air 
pollution on lung function. However, during periods of high air 
pollution, particularly in the autumn and winter, upper-year students’ 
lung capacity might experience more direct negative effects. This finding 
prompts consideration of the potential mechanisms underlying the 
relationship between air pollution and lung function. Air pollution, 
particularly fine particulate matter (PM2.5) and nitrogen dioxide (NO2), 
has been shown to have negative impacts on respiratory health. Upper-
year students, who may be exposed to more air pollution due to high-
intensity academic work and campus activities, could experience 
accelerated declines in lung function. Therefore, despite some 
improvements in lung capacity among certain upper-year students, the 
impact of air pollution remains significant, especially in environments 
with high pollution concentrations.

Baseline regression analysis further revealed the relationship 
between individual characteristics (such as height, weight, and gender) 
and health outcomes. Physiological features like height and weight clearly 
influence physical fitness test results, while gender appears to moderate 
the effect of air pollution on health. Notably, female students, due to 
physiological and metabolic differences, may be more susceptible to the 
negative effects of air pollution. The study found that in areas with higher 
pollution levels, the decline in fitness among female students was 
significantly more pronounced compared to their male counterparts. 
This gender disparity warrants further attention.

In addition to individual characteristics, local meteorological 
factors such as wind speed and temperature also played a role in 
influencing health outcomes. High temperatures and low wind speeds 
tend to exacerbate the stagnation of air pollutants, leading to elevated 
concentrations of pollution. The interaction of these environmental 
factors, particularly in relation to seasonal variations in air pollution, 
further underscores the complexity of the impact of air pollution on 
college students’ health.

To ensure the robustness of our findings, we conducted additional 
sensitivity tests and heterogeneity analyses. Although the sensitivity 
tests consistently showed a significant impact of air pollution on 

TABLE 6 Mechanism examination of air pollutants on the physical health 
of college students.

Variables GCA

AQI −0.2296***

(−9.2727e+13)

Windspeed −14.1229***

(−1.4463e+14)

Temperatures 9.5457***

(2.2177e+14)

Gender −0.0000***

(−3.3379)

Height −0.0000***

(−8.2092)

Weight 0.0000***

(4.3344)

Constant −46.3287***

(−9.5838e+13)

Observations 21,545

R-squared 1.0000

***, **, *indicate the significance levels of 5, 1, and 10%, respectively.
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students’ physical health, we observed noteworthy differences across 
various groups. Particularly, the effect of air pollution on female 
students’ physical fitness test scores was more significant. This may 
be due to physiological differences, variations in daily activity patterns, 
and differing levels of exposure to polluted environments, all of which 
make female students more vulnerable to the adverse effects of air 
pollution. The importance of this heterogeneity analysis lies in its 
potential to inform future health interventions. Targeted health 
protection measures for high-risk groups, such as upper-year female 
students, may be necessary. These could include reducing outdoor 
activities, improving indoor air quality, and increasing air pollution 
monitoring, especially during periods of higher pollution levels, to 
provide timely health alerts for these vulnerable populations.

This study shows that the lung capacity scores of senior female 
university students exhibit a trend of first increasing and then decreasing 
with changes in air pollution levels, with no significant polarization in 
score distribution, indicating that the individual differences are relatively 
small. This finding aligns with existing literature, where many studies 
indicate that the impact of air pollution on lung function is gradual and 
cyclical, and long-term exposure to pollution may lead to a decline in lung 
function (46, 47). The fluctuations in lung capacity scores in this study 
reflect the temporal dynamics of the health impacts of air pollution (48–
50), suggesting that changes in pollution levels at different times have 
varying degrees of impact on students’ lung function. Additionally, during 
specific periods, the distribution of scores broadened, and the absolute 
gaps increased. Although there was no evident polarization, the widening 
disparity still suggests a significant impact of air pollution on students’ 
health. Relevant research has pointed out that long-term exposure to air 
pollution may lead individuals to reduce outdoor activities, which in turn 
results in a decline in physical fitness and accelerates the deterioration of 
cardiovascular and respiratory health (51, 52). Air pollution not only has 
a direct impact on physical fitness but also indirectly affects health by 
altering lifestyle behaviors, such as reduced physical activity (53), 
increased sedentary time, and changes in dietary patterns (54, 55). The 
fluctuations in physical fitness scores and the widening distribution gaps 
observed in this study may reflect these indirect effects.

Furthermore, the impact of air pollution on health is not limited 
to physical fitness but also involves other aspects such as mental 
health, sleep quality, and dietary habits (56, 57). Studies have shown 
that individuals living in high-pollution environments tend to choose 
unhealthy, high-calorie foods, further impacting overall health (58, 
59). Moreover, air pollution may affect sleep quality and increase the 
risk of anxiety and depression (60, 61). Although this study did not 
specifically explore mental health and sleep quality, the observed 
fluctuations in physical fitness scores and overall health suggest that 
air pollution has a profound impact on students’ physical and mental 
well-being, especially with prolonged exposure (62).

In summary, the results of this study are consistent with existing 
literature, indicating that air pollution not only directly impacts 
students’ physical health but also indirectly affects their physical 
fitness and mental health through changes in lifestyle (63) and social 
behaviors (64). These findings offer valuable insights into the 
multifaceted impact of environmental pollution on the health of 
university students and provide a scientific basis for future policy-
making aimed at improving air quality and enhancing students’ health.

The study’s strength lies in its use of fitness assessment data for cross-
sectional research, leveraging large sample sizes and multidimensional 
data to enhance the representatives and reliability of the findings. 

Moreover, since the assessment measures are generally straightforward 
and objective, they minimize the influence of subjective factors. However, 
the study also has notable limitations. First, the sample’s representatives is 
limited as it only includes students from one university, which may not 
fully represent the broader undergraduate population in China or other 
developing countries. Thus, there is a need for broader replication across 
various Chinese universities. Second, regional differences in air quality 
may affect the results. The air pollution data, based on the AQI published 
by the Ministry of Ecology and Environment of China, may not account 
for significant local variations within the expansive city of Xi’an, Shaanxi. 
Future research should incorporate individual fixed-effects models to 
control for time-invariant factors that may confound the results. 
Additionally, multivariate regression analysis of highly correlated 
dependent variables may introduce potential errors. Previous research 
indicates that even without exposure to air pollution, freshmen experience 
a decline in physical activity over their first year (65). There is also a need 
for better control of other potential influencing factors, such as diet (66), 
lifestyle, and genetics, which may impact student health but were not 
adequately considered in this study.

6 Conclusion

This study explored the impact of air pollution on the physical health 
and lung function of college students. By using the Kernel density 
estimation method, the dynamic changes in the physical fitness and lung 
capacity scores of college students at a certain university were analyzed. 
The results showed that during the sample period, the physical fitness 
scores of the college students first rose and then fell, with the absolute 
difference gradually increasing, but there was no phenomenon of one 
student far surpassing others, nor was there an obvious polarization 
phenomenon. At the same time, the lung capacity scores of the college 
students also showed a trend of first rising and then falling, with no 
significant change in the absolute difference, but there were individual 
students whose lung capacity scores far exceeded others. Further analysis 
of the changes in physical fitness scores and lung capacity scores of fourth-
year students showed that, during the sample period, the physical fitness 
scores of fourth-year students first rose and then fell, with a slight increase 
in the absolute difference, and there was no phenomenon of one student 
far surpassing others, nor was there an obvious polarization phenomenon. 
Similarly, the lung capacity scores of fourth-year students also showed a 
trend of first rising and then falling, with no significant change in the 
absolute difference, but there were individual students whose lung 
capacity scores far exceeded others. By using mixed cross-sectional data 
and econometric models, the impact of air pollution on the health of 
college students was analyzed. The results showed that the negative impact 
of air pollution on the health of fourth-year students was significant, even 
after multiple robustness tests. Further heterogeneity tests on gender 
differences showed that the impact of air pollution on the health of fourth-
year female students was greater than that on male students. Mechanism 
tests showed that air pollution affects the physical health of college 
students by influencing the green coverage rate in built-up areas. This 
indicates that air pollution has a certain harmful effect on the health of 
fourth-year college students.

Based on the research results of this study, aiming to promote 
environmental health work and strengthen disease management to 
improve the physical health and lung function of university students, 
the following policy suggestions are proposed: (1) Improve air quality: 
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The government should strengthen air quality monitoring and 
management in the surrounding areas of university campuses, take 
measures to reduce the emissions of atmospheric pollutants, including 
enhancing purification measures for factory and traffic exhaust, and 
formulating stricter environmental regulations, etc. (2) Increase green 
coverage: The government and schools should increase the 
construction and maintenance of greenery on university campuses, 
increase green coverage. This can be achieved by planting more trees 
and lawns, establishing gardens and parks, etc. to enhance green 
coverage. (3) Strengthen health education: Schools should strengthen 
health education for university students, increase students’ awareness 
and understanding of the impact of air pollution on health. Health 
lectures, promotional activities, etc. can be conducted to enhance 
students’ awareness of their health and protection. (4) Promote sports: 
Schools should encourage and promote sports, provide more sports 
facilities and venues, and organize various sports activities. Sports can 
help improve the physical fitness and lung function of university 
students, alleviate the negative impact of air pollution on the body.

Future research should replicate the study in other cities and 
universities in China to further validate our findings. Meanwhile, 
urgent policy interventions are needed to reduce the level of air 
pollution in China. To eliminate the confounding bias of time-
invariant factors within participants, future studies plan to introduce 
individual fixed effects models. Additionally, in terms of controlling 
variables, subsequent research will focus on addressing 
multidisciplinary issues and further explore the more definitive 
relationship between air pollution and physical activity behaviors 
among college freshmen.
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