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Editorial on the Research Topic
Physical activity, health equity and health-related outcomes, volume Il

Despite the established benefits of physical activity (PA) in the prevention and
treatment of disease, most population groups continue to suffer from the burden of non-
communicable diseases (NCDs) including diabetes, cancer, and cardiovascular disease (1).
Therefore, research into reducing health inequality and improving quality of life through
promoting PA and associated healthy lifestyle behavior, is essential to impact public health
policies and practice.

This Research Topic, “Physical activity, health equity and health-related outcomes,
Volume IT” (https://www.frontiersin.org/research-topics/28849/physical-activity-health-
equity-and-health-related-outcomes-volume-ii/magazine), extends the findings of
Volume-I (2). This Research Topic investigates emerging research on PA and disease
epidemiology in special populations, which includes novel determinants of PA in a health
equity and outcomes context, as well as effective PA-related intervention approaches
amongst under-represented groups, including women, certain racial and ethnic groups,
older adults, and children with poor PA and healthcare access. Publications in this
Research Topic made an immediate impact, with 25,000 article views and 17,000 full-text
views, and over 6,000 downloads. Out of the 41 submissions, we publish 13 high-quality
manuscripts following rigorous editing and peer-reviewing. Research types varied from
countrywide epidemiological surveys in Asia, Europe and the USA, to cross-sectional data
analysis of longitudinal population surveys, PA and lifestyle determinants in children and
adolescents, predictive tools, clinical and randomized controlled trials involving patients
and high-risk populations.

Children and adolescents are considered as high-risk groups due to growing concern
about childhood obesity and associated comorbidities, with over 2.1 billion worldwide (3).
Alarmingly, there is an increased disparity in such prevalence between Low and Middle
Income Countries (LMICs) and High Income Countries (HICs). Our team published a
systematic review (Obita and Alkhatib) which involved 651,659 children, and showed
a significantly higher prevalence of childhood obesity comorbidities in LMICs than in
HICs (hypertension 36 vs. 13%, metabolic syndrome 27 vs. 6%, non-alcoholic fatty liver
disease 48 vs. 23% in LMICs than HICs, respectively). Further disparity was found
between global regions, where Asia had the highest prevalence of childhood obesity-related
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hypertension (38.6%) followed by South America (25.3%) and
Europe (20.1%). Within HICs disparity was also found, where
minority ethnic communities had higher childhood obesity
and comorbidities than their white counterparts, especially in
the prevalence of cardiometabolic risks of insulin resistance,
dyslipidaemia and acanthosis. Global and local public health
policies are needed to reduce disparity in childhood obesity and
associated comorbidities through effective targeted interventions.

Explaining childhood obesity and comorbidity disparity
requires deciphering various underlying lifestyle health behaviors
by socioeconomic status (SES). A systematic review by Gautam
et al. showed that children and adolescents with lower SES
face an elevated risk of unhealthy behaviors such as initiation
of smoking, energy-dense foods, lower PA, and drug abuse
compared with their counterparts. Conversely, those from higher
SES showed a higher prevalence of health-promoting behaviors
including increased consumption of fruit and vegetables, dairy
products, regular breakfast, and engagement in PA. These findings
emphasize the need for interventions aimed at supporting families
from disadvantaged SES to mitigate lifestyle disparities in health
behavior among children and adolescents. For example, Shi
et al. showed that promoting PA and sports participation, and
muscle strengthening in schools is more effective than active
commuting to schools. Their cross-sectional study involved
3,807 children and adolescents from 12 schools in South-
eastern China. This finding is in line with recent preventative
lifestyle models for children and adolescents, encouraging direct
and intense forms of sport participation alongside wider PA
promotion (4). For those in the earlier childhood preschool
years, direct parental caregiving has been shown to be essential
for developing children’s fundamental movement skills (FMS),
enhancing their PA participation, and developing physical and
cognitive fitness (Hu et al.). The latter cross-sectional study
involved 698 boys and 628 girls, aged 4-6 years, and showed that
direct parenting, especially for girls is superior to grandparenting
in developing children’s FMS and learning more complex physical
and sporting activities.

Nonetheless, reducing disparity should be addressed across
all age groups. A longitudinal analysis (2010-2018) from the
Chinese General Social Survey reported SES disparities and
inequality of mass sports participation among 4,940 residents
in China (Dong et al.). A higher frequency of PA participation
was found in urban residents and higher social classes than in
rural residents and lower social classes. Public-sector jobs, high
income and higher education levels were associated with higher
PA participation, and older adults reported more motivation
to exercise than the young. Ethnic minority status, alone or
in conjunction with SES were also a determinant of mass
sports participation. Population sports participation often serves
government health preventative policy. Whether it is mass
sports, PA or regular exercise, sport and health policies should
reduce disparity and inequality in both access and participation
in PA.

Access to PA was particularly important throughout the
COVID-19 pandemic, and thus PA interventions using remote
across different populations need to be explored further. Two
interesting studies focused on this Research Topic in China
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and India. Zhang et al. published an analysis of the China
Family Panel Survey of 24,000 adults in the period preceding
COVID-19 to understand the functional mechanisms determining
PA and internet use. They showed a positive correlation between
internet use duration and PA and fitness. The researchers
suggested that the mediating effect of psychological health risk
perceptions was more important than that of social capital
determining PA behaviors. In India, a clinical trial involving
tele-yoga as an adjunct PA along with standard treatment
was an effective method in reducing COVID-19 symptoms
in hospitalized patients with mild and moderate COVID-
19 (Majumdar et al). Perhaps remote PA environments are
effective for a controlled community (e.g., quarantine) or hospital
environments, but psychological health mechanisms should be
considered alongside other lifestyle behaviors and environments.
One study reviewed the impact of the environment on PA
engagement and consequent health benefits (Herndndez et al.).
The study concluded that environmental social programs (e.g.,
school building design, parks, bicycle paths, or community
or workspaces) generate positive changes in increasing PA
levels and associated healthy lifestyle behavior among children
and adults.

Epidemiological analysis of country-wide data sets is also
essential in understanding the underlying mechanisms of disease
in high-risk groups, and to mitigate such risks through targeted
interventions. In Lithuanian populations, two biomarkers of
cardiovascular disease (visceral adiposity index, and atherogenic
index of plasma), were associated with all-cause mortality
risk in groups of middle-aged men and women (Tamosiunas
et al.). The Afghanistan WHO-STEPS survey 2018, analyzed
sedentariness among 3,956 adults using the Global Physical Activity
Questionnaire (Pengpid et al.). They reported that almost 50% of
Afghani populations as sedentary while one in four had both high
sedentary behavior and low PA. Another study in Greece (Knappe
et al.) reported on the physical fitness (based on maximal oxygen
uptake) and mental wellbeing of 150 men (50% women) living in
refugee camps and suffering from post-traumatic stress disorder
(PSTD). One in four participants met the criteria of metabolic
syndrome, and a third met the criteria of anxiety, insomnia and
PSTD, which highlights the intervention needs in this vulnerable
population group.

Finally, reducing disparities and improving health equity
requires the design of culturally and environmentally appropriate
lifestyle interventions to ensure effective implementation in
communities (5). The study protocol (Greeven et al.) designed
multilevel PA-based interventions in rural communities based on
concepts of (1) Basic Psychological Needs mini-theory within Self-
Determination Theory; (2) Biopsychosocial Model (3) Multilevel
Research Framework from the National Institute on Minority
Health and Health Disparities. Another study focussed on
validating the PA tool as an effective method to engage young
students in PA (Liu et al.). The authors validated a device
combining heart rate variability and accelerometry (Firstbeat
Bodyguard 2) to measure time spent at different intensity zones in
free-living environments.

This Research Topic highlights diverse PA preventative
roles across different age ethnicities,

groups, genders
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Disparities in the Prevalence of
Childhood Obesity-Related
Comorbidities: A Systematic Review

George Obita and Ahmad Alkhatib*

School of Health and Life Sciences, Teesside University, Middlesbrough, United Kingdom

Background: Non-communicable diseases among children are serious consequences
of childhood obesity. However, less is known about the disparities in childhood
obesity comorbidities burden. This review describes the salient pattern of disparities in
the prevalence of childhood obesity-related non-communicable diseases and relevant
inequalities in both high- and low/medium-income countries.

Method: A systematic literature search was performed in MEDLINE, Embase, CINAHL,
Psyclnfo, Scopus, and Web of Science databases by two independent reviewers.
Inclusion criteria were as follows: age 2-18 years; the prevalence or incidence of
childhood obesity comorbidities reported; and studies published in English from January
2010 to date. No restrictions on the setting. The prevalence data were analyzed using
range and median for subgroups based on the country’s development status, gender,
and geographical region.

Results: Our search identified 6,837 articles, out of which we examined 145 full-text
articles and included 54 articles in the analysis. The median prevalence of childhood
obesity-related hypertension was 35.6 vs. 12.7% among middle- and low-income
countries compared with high-income countries; 37.7 vs. 32.9% among boys compared
with girls; and 38.6, 25.3, and 20.1% in Asia, South America, and Europe, respectively.
For metabolic syndrome, the median prevalence was 26.9 vs. 5.5% among middle- and
low-income countries compared with high-income countries; 55.2 vs. 12.0% among
boys compared with girls; and 40.3, 25.8, and 7.7% in South America, Asia, and
Europe, respectively. The prevalence of childhood obesity-related non-alcoholic fatty
liver disease was 47.5 vs. 23% among middle- and low-income countries compared
with high-income countries; and 52.1, 39.7, and 23.0% in Asia, South America,
and Europe, respectively. The median prevalence of dyslipidemia was 43.5 vs. 63%
among middle- and low-income countries compared with high-income countries; 55.2
vs. 12.0% among boys compared to girls; and 73.7 and 49.2% in Australia and
Europe, respectively.

Conclusion: There are disparities in the prevalence of childhood obesity-related
hypertension, metabolic syndrome, and non-alcoholic fatty liver disease, with
middle- and low-income countries, boys, and Asian region having higher prevalence.
Implementing targeted interventions for childhood obesity comorbidities should consider
socioeconomic disparities and strengthening of research surveillance methods for a
better understanding of non-communicable disease burden in the pediatric population.
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INTRODUCTION The association between obesity and NCD has been

There is a growing burden of non-communicable diseases (NCD)
among children and adolescents worldwide (1). Over 2.1 billion
children and adolescents under the age of 20 years were estimated
to be affected by NCD globally. These include cardiovascular
diseases (CVD) (13.9 million), cancers (5.9 million), chronic
respiratory disorders (108.9 million), type 2 diabetes mellitus
(T2DM) (8.8 million), mental health disorders (231.3 million),
and injuries and violence (170.4 million). Children with NCD
face lifelong burden of illness and contribute to over one-thirds
of adulthood NCD incidence (2). The rise in the risk of NCD
in children has been associated with the increase in childhood
obesity prevalence (3, 4). Childhood obesity rate increased over
3-fold worldwide over the past three decades (5), indicating a
growing global epidemic of childhood obesity. It is estimated
that about 10% of school-aged children worldwide contribute to
childhood obesity with an increased risk of developing chronic
NCD (2). Besides the increased risk of NCD, childhood obesity
causes wider societal impact such as stigma and discrimination,
increased care-related cost to the affected families, cost to the
community through the diversion of resources for the treatment
of obesity and related conditions, and the direct healthcare cost
for treating obesity and related conditions. It is estimated that
obesity constitutes 1-5% of total healthcare costs in various
countries (6).

The American Medical Association (AMA) and World Health
Organization (WHO) recognized obesity as a distinct disease
(7, 8). Moreover, the World Obesity Federation identifies it as
a “chronic, relapsing, progressive, disease process” (9). Obesity
as a disease entity may coexist with other conditions as part of
multimorbidity (MM) or as an index condition in comorbidity
(10-14). MM and comorbidity increase the complexities of long-
term care of affected individuals (15). In this regard, the most
commonly reported obesity comorbidities include hypertension,
T2DM, non-alcoholic fatty liver disease (NAFLD), CVD, and a
cluster of NCD such as metabolic syndrome.

The mechanism through which obesity leads to the
development of NCD is complex, but it involves its
inflammatory, oxidative stress, and insulin resistance effects
(16). Insulin resistance leads to compensatory hyperinsulinemia,
which in turn is responsible for most of the metabolic and
cardiovascular comorbidities associated with obesity (17, 18).
Insulin resistance is the first step in T2DM pathogenesis followed
by impaired insulin secretion, which ultimately manifests as
clinical T2DM (17-19). Insulin resistance is also part of the
metabolic syndrome, characterized by hyperinsulinemia, insulin
resistance, dyslipidemia, hypertension, and central obesity (20),
and is implicated in gastrointestinal comorbidities such as
NAFLD (21).

demonstrated in several observational studies (22-27). For
example, Pantalone et al. (24) found that there was a higher
prevalence of T2DM, pre-diabetes, hypertension, and CVD
in higher body mass index (BMI) categories compared with
lower BMI, p < 0.0001. A recent systematic review and meta-
analysis of 52 studies demonstrated the association between
childhood obesity and NCD, with prevalence ratios of 1.4
for hyperlipidemia, 21.2 for CVD, 26.1 for NAFLD, 1.7 for
pulmonary disorders, and 4.0 for hypertension (23). The
Bogalusa Heart Study, a long-term epidemiological study in
Louisiana, USA, also showed that hypertension increased 8.5-fold
and dyslipidemia increased from 3.1- to 8.3-fold in overweight
adolescents as compared with healthy weight adolescents (28,
29). Therefore, obesity in childhood that persists in adolescence
has a causal link with multiple NCD.

Disparities in childhood obesity prevalence are well
documented, especially those related to ethnicity and
socioeconomic status. For example, in a study of ethnic
and race disparity in early childhood obesity, Zilanawala et al.
(30) reported that, compared with white children, the odd of
obesity was higher among black Caribbean children, odds ratio
(OR) = 1.7 (95% CI: 1.1-2.6), whereas Pakistani children had
a lower OR = 0.60 (95%CI: 0.37-0.96). On the contrary, black
African children were more likely to be overweight, OR =
1.40 (95% CI: 1.04-1.88) (30). Falconer et al. (31) found that
among school-aged children in England, a higher percentage of
Asian and black children than white children were overweight
or obese (21-27 vs. 16%), lived in the most deprived areas
(24-47 vs. 14%), and reported lifestyle that leads to obesity (38
vs. 16%). With regard to socioeconomic factors, studies show
that socioeconomic disadvantage is associated with childhood
obesity that is sustained in subsequent generations (32). In
a cohort of 22,810 participants, BMI was found to be higher
in those in the lowest socioeconomic class than those in the
highest socioeconomic class by 2.0 kg/m? (p < 0.001) (33).
Analysis of a nationally representative data in the United States
(USA) showed that children from middle- and high-income
households were 0.78 (95% CI: 0.72-0.83) and 0.68 (95%
CIL: 0.59-0.77) times more likely to be overweight or obese
compared with those from low-income households (34). The
United Kingdom’s (UK) Millennium Cohort Study shows that
at the age of 17 years, 27.6% of those from the lowest income
quintile classify as obese compared with 13.7% (p = 0.001) of
those from the richest households (35). These studies provide
evidence of disparities in childhood obesity by ethnicity and
socioeconomic status.

Despite ample evidence of disparities in childhood obesity,
there is a lack of literature on disparities in the prevalence
of childhood obesity-related comorbidities. Often, literature on
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childhood obesity-related comorbidities describes the association
between overweight/obesity and comorbidities (23). In a few
instances, gender disparity in prevalence is reported (36-38).
Nevertheless, there are some indications of ethnic disparity in the
prevalence of NCD among children with obesity. For example,
Cheung et al. (39) showed that the prevalence of hypertension
among obese adolescents differed by ethnicity, with a significant
difference among Hispanic (3.1%), African Americans (2.7%),
and white (2.6%) adolescents (p = 0.02). Although it is not
clear whether and how disparities in childhood obesity-related
comorbidities prevalence are based on socioeconomic status,
recent systematic reviews have shown disparities in MM burden
between low- and middle-income countries (LMICs) and high-
income countries (HICs) (14, 40-42). Such analyses are essential
for devising effective preventative approaches in community and
primary care settings (41).

Because many kinds of NCD are associated with obesity,
prevention and management of obesity and its related NCD
have become the focus of attention worldwide (43). A good
understanding of disparities in childhood obesity-related NCD
prevalence among different population groups provides insight
into potential reasons for the differences and helps to address
the common risk factors. This supports the WHO global strategy
of reducing NCD burden through an integrated prevention
approach of risk factors at individual, family, community, and
population level (44). However, currently, there is no systematic
review that has analyzed disparities in childhood obesity-related
comorbidities prevalence. While there is evidence of disparity in
childhood obesity burden, such evidence cannot be extrapolated
to explain the disparity in childhood obesity-related NCD
prevalence. Therefore, this review aims to describe the salient
pattern of disparities in the prevalence of childhood obesity-
related NCD comorbidities between HICs and LMICs, by gender
and geographical region, with a view to potentially inform
the development of interventions that address the most at-risk
groups worldwide.

METHOD
Search Strategy

The protocol for this review was registered with the International
Prospective Register of Systematic Reviews (PROSPERO:
CRD42021288607), and the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement
was followed (45). We conducted a systematic search in
MEDLINE, Embase, CINAHL, PsycInfo, Scopus, and Web of
Science using a combination of free text and medical subheadings
(MeSH) terms. We also searched the general Internet using the
Discovery portal and a list of reference of relevant articles.
Initially, a specific search strategy for MEDLINE was developed
(Search strategies are available via the PROSPERO registry).
This was then adapted to other databases. The search terms
used were as follows: (children or adolescents or pediatric or
students or school pupils or youth or boys or girls or school age
or juvenile or preteens or teens) AND (obesity or body weight
or adiposity or body mass index or waist circumference or neck
circumference) AND (comorbidity or Type 2 Diabetes Mellitus

or hypertension or high blood pressure or cardiovascular disease
or CVD or metabolic syndrome or non-alcoholic fatty liver
disease or NAFLD or depression or psychological problem or
anxiety or self-esteem or sleep apnea or asthma or respiratory
problem or dyslipidemia or musculoskeletal problems) AND
(prevalence or incidence or odds ratio or risk ratio or occurrence
or epidemiology).

Inclusion and Exclusion Criteria

The inclusion criteria for selecting studies were as follows: (1)
Participants were children or adolescents aged 2-18 years, based
on the WHO definition of childhood obesity (3); however, some
countries used above 18 years as childhood cutoff point (46).
(2) Data that were reported on the prevalence or incidence of
comorbidities or relevant information could be used to generate
reliable prevalence estimates of childhood obesity-related NCD
comorbidities. (3) The studies used a cross-sectional or case-
control or prospective cohort design or randomized control
trial where prevalence or incidence data were reported. (4)
Only studies published in English or translated into English
from January 2010 were included to reflect more current
information. (5) There were no restrictions on the setting. Studies
reporting prevalence/incidence of childhood obesity comorbidity
at national or specific setting such as the community, school
setting, or primary care worldwide were included.

Studies were excluded if they (1) were conducted in
selected population groups, such as those identified through
special clinics and children with obesity as a symptom of
an underlying condition, for example, Prader-Willi syndrome,
Cushing syndrome, hypothyroidism, and Hashimoto disease, or
a side effect from medication such as antipsychotics; (2) were
case series, opinion papers, and all types of qualitative studies.
Whenever a particular dataset was published more than once, the
most recent publication was used.

Study Selection, Quality Assessment, and

Data Extraction
Two reviewers screened the title and abstract of retrieved articles
to exclude studies that were not eligible. The two reviewers
independently appraised the full text of studies that met the
inclusion criteria. Any discrepancies were resolved through
consensus. Search results are reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) flow diagram (47), including reasons for excluding a
full-text study. The reviewers were not blind to the journal titles.
The two reviewers assessed the quality of selected studies
independently using the Joanna Briggs Institute’s (JBI) Critical
Appraisal Checklist for Studies Reporting Prevalence Data (48,
49), adopting a scoring system of 0-5 for poor quality and 6-10
for high quality. The checklist assesses sample representativeness,
reliability of measurement, and whether sufficient details of
weight classification and comorbidity definition were reported.
Each of the two reviewers independently assessed the quality
of each selected article. Discrepancies were resolved through
consensus. Poor-quality studies were excluded from the analysis.
A single reviewer extracted data regarding the first author, year
of publication, study design, country, sample size, participants’
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age group, type of comorbidity, diagnosis criteria, and the
reported prevalence or incidence into a spread sheet. The second
reviewer examined the extracted data and any discrepancies were
resolved through discussions.

Data Synthesis and Analysis

The extracted data were first grouped by the countries
developmental/income status (HICs vs. LMICs, according to
the United Nations development status, 1999 and World Bank
classification of countries by income) (50, 51); geographical
region (North America, South America, Europe, Asia, Africa,
and Australasia); and gender (male vs. female). Comorbidities
were grouped into the following categories: (1) Metabolic
syndrome, (2) dyslipidemia, (3) hypertension, (4) NAFLD, (5)
pulmonary disorder, (6) psychological comorbidities, and (7)
other comorbidities. To compare the prevalence of a specific
comorbidity between subgroups, descriptive statistics of range
and median were used to summarize the prevalence estimate of
the subgroups within development/income status, geographical
region, and gender (52). SPSS version 26 was used to calculate the
median based on the formula: [(n + 1) + 2]th, where “n” is the
number of items in the set and “th” just means the (n)th number
(52). Meta-analysis was not possible because the studies were not
sufficiently homogeneous in terms of methodology, participants’
age groups, and measurement.

RESULTS

Search Results

The search identified a total of 6,868 articles, 301 of which were
duplicates. Titles and abstracts of 6,837 articles were screened,
resulting in 145 full texts being examined for eligibility. Totally,
54 of the examined full texts met our inclusion criteria (Figure 1).

Characteristics of Selected Studies
The 54 selected studies that described the prevalence of
childhood obesity comorbidities in the obese weight categories
included a total of 651,659 participants. The 54 studies
were conducted in 27 countries across five continents, with
27 articles from Asia, 17 from Europe, six from South
America, two from North America, one from Africa, and
one from Australasia (Table 1). The most commonly reported
comorbidity was hypertension, followed by metabolic syndrome
(NB includes hypertension) and dyslipidemia. The least reported
comorbidities were asthma and emotional disorders (Table 1).
While a few studies provided separate estimates for children
(<10 years) and adolescents (>10 years) (53, 54), the majority
reported combined prevalence, with ages ranging from 2 to 18
years. This means that the prevalence of different age subgroups
could not be compared. Eleven papers reported assessing
prevalence by gender, but only two provided breakdowns by
gender and age group. All the studies were observational in
design with the majority being cross-sectional surveys. Table 2
summarizes the characteristics of included studies.

Disparity in Childhood Obesity Comorbidity Based on
Geographical Ethnicity and Country

There was evidence of disparities in childhood obesity-related
comorbidity prevalence between HICs and LMICs as shown in
Table 3. The prevalence of hypertension in LMICs ranged from
13.8 to 60.7%, with a median of 35.6%, whereas in the HICs
it ranged from 3 to 26% with a median of 12.7%. The highest
hypertension prevalence, 60.7%, was reported among Chinese
males (109), followed by Indian girls at 50% (86), then Thai
children at 49.5 % (80), and Turkish males at 43.5% (110).

Similarly, the prevalence of metabolic syndrome among
children with obesity was shown to be higher among the LMICs,
with a range of 12 to 72.8% and a median of 26.9%, compared
with a range of 3 to 8% and a median of 5.5% in HICs. Colombian
children had the highest prevalence of metabolic syndrome at
72.8% (108), followed by Chinese children with a prevalence of
41% and Mexican children at 40% (59, 85). Among HICs, Italian
children had the highest prevalence of metabolic syndrome at
8.2% and Danish children had the lowest prevalence at 3.1%
(96, 102).

The prevalence of childhood obesity-related NAFLD was
higher among children from LMICs with a prevalence range of
31.6 to 56.4% and a median of 47.5%, compared with a range
of 9.5-35.4% and a median of 23% in HICs. Up to 56.4% of
Turkish children were reported to have NAFLD (82). The highest
prevalence among HICs, 35.4%, was reported among Italian
children (97).

The prevalence pattern of dyslipidemia, however, differed
from the other comorbidities. Higher prevalence of dyslipidemia
was reported among the HICs with a range of 52 to 74% and
a median of 63% compared with a range of 43 to 52% and a
median of 43.5% in LMICs. Canadian and Australian children
had a prevalence of 52 and 74%, respectively (101, 103), while
Turkish and Chilean children had a prevalence of 43 and 54%,
respectively (82, 108).

A limited number of studies reported respiratory problems
(asthma and wheezes) among children with obesity (95, 100), as
well as the prevalence of psychological problems of anxiety and
depression (90). However, disparity was difficult to discern for
these comorbidities due to the small number of studies that met
the inclusion criteria.

Disparity of Childhood Obesity Comorbidities by
Gender

In total, eleven of the included studies disaggregated data by
gender for the comorbidities of hypertension and metabolic
syndrome. Nine reported on hypertension disaggregated by
gender (53, 56, 62, 73, 79, 86, 87, 99, 111). Hypertension
prevalence among girls ranged from 11.0 to 58.2% with
a median of 32.9%. Among boys, the range was 21.0 to
60.7% with a median of 37.6% (Table4). Only two studies
reported metabolic syndrome by gender (87, 88). One of
the studies showed a marked difference in the prevalence
of metabolic syndrome between boys and girls (55.2 vs.
12.0%) (88).
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FIGURE 1 | Flowchart of study selection based on Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines.

Disparity of Childhood Obesity Comorbidities by
Global Regions
The range of the prevalence of hypertension among obese
children in Asia was 11.0 to 60.7%, median 38.6%, compared
with 18.8 to 30.9%, median 25.3% in South America, and 8.6 to
55.0%, median of 20.1% in Europe. North America had only one
study that report on hypertension, whereas Africa, Australia, and
Antarctica had none.

The prevalence range of metabolic syndrome was 26.3 to
72.8%, median 40.3% in South America; 6.6 to 52.1%, median
25.8% in Asia; and 7.7 to 33.0%, median 7.7% in Europe. One

study reported on metabolic syndrome from North Africa with
a prevalence of 14.3% (63), while none was reported from the
remaining global regions (Australasia and North America).

With regard to NAFLD, the prevalence ranged from 45.0
to 52.1%, median 52.1% in Asia; 26.0 to 50.0%, median 39.7%
in South America; and 9.5 to 36.4%, median 23% in Europe.
The other regions had no studies reporting on NAFLD. For
anxiety/depression, only one study was reported from Asia, with
a prevalence of 30.9%, and one from Europe, with a prevalence of
16.8%. Similarly, two studies reported dyslipidemia from Europe,
prevalence 43.5 to 54%, median 48.8%, and two from South
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TABLE 1 | Childhood obesity comorbidities prevalence by geographical region.

Childhood obesity comorbidity Continental region

Prevalence range Prevalence median

Hypertension Asia

South America
Europe

North America
Africa
Australasia
Metabolic syndrome South America
Asia

Europe

Africa
Australasia
North America
NAFLD Asia

Europe

South America
Africa
Australasia
North America
Dyslipidemia Europe

South America
North America
Africa
Australasia
Asia

North America

Europe

Asthma

South America
Africa
Australasia
Asia
Anxiety-depression Asia
Europe
North America
South America
Africa
Australasia
Antarctica

12.0-61.7% 38.6%
18.8-30.9% 25.3%
8.6-48.8% 20.1%
8.2-8.2% 8.2%

No studies No studies
No studies No studies
26.3-72.8% 40.3%
6.6-52.1% 25.8%
7.7-33.0% 20.4%
14.3-14.3% (single study) 14.3%

No studies No studies
No studies No studies
45.0-52.1% 48.6%
9.5-36.4% 23.0%
26.0-50.0% 39.7%

No studies No studies
No studies No studies
No studies No studies
43.5-54.0% 48.8%
52.0-74.0% 63.0%

No studies No studies
No studies No studies
No studies No studies
No studies No studies
11.6-11.6% (single study) 11.6%

No studies No studies
No studies No studies
No studies No studies
No studies No studies
No studies No studies
30.9-30.9% (single study) 30.9%
16.8-16.8% (single study) 16.8%

No studies No studies
No studies No studies
No studies No studies
No studies No studies
No studies No studies

NAFLD, Non-alcoholic fatty liver disease.

America, prevalence 52.0 to 74%, median 63%. One study in
North America reported on Asthma, prevalence 11.6% (95).

DISCUSSION

The main findings of this review were that the prevalence of
childhood obesity-related hypertension, metabolic syndrome,
and NAFLD were higher among populations in LMICs than
those in HICs. Gender disparity was also apparent among
children with obesity-related hypertension and dyslipidemia,
where the prevalence was higher among boys than girls. Globally,
the Asian region had the highest prevalence of childhood obesity-
related hypertension followed by South America and then

Europe. The prevalence of childhood obesity-related metabolic
syndrome was highest in South America, followed by Asia and
then Europe.

Explaining the observed disparities in childhood obesity-
related comorbidities is expected to be as complex as
defining populations’ obesity disparity because of the
intricate interplay between adiposity and known NCD risk
factors, such as biological, environmental, lifestyle, genetic,
socioeconomic, racial, and cultural factors. Nevertheless,
understanding the prevalence of obesity-related NCD across
pediatric populations, through the review of studies that
described childhood obesity comorbidities (Table 2),
likely to provide evidence that could help develop strategies

is
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TABLE 2 | Characteristics of studies that described childhood obesity comorbidities.

Reference Study design Sample size Country Age group Comorbidity Diagnosis criteria Prevalence in Quality
(number) (years) type children with  score
obesity
China Medical Cluster sample 22,071 China 7-16 Metabolic International Diabetes Federation 16.8% 6
Association (55)  survey syndrome (IDF) Criteria
Badeli et al. (56)  Cross-sectional 2,072 Iran 7-17 Hypertension SBP and/or DBP 95th percentile for 51.5% (M) 8
survey age, sex, and height 12.5% (F)
Basiratnia. et al. ~ Cross-sectional 2,000 Iran 1117 Hypertension SBP and/or DBPs > 95th percentile 30.7% 7
(57) survey for age, sex, and height
Cheng. et al. (58) Prospective 2,189 China 6-16 Hypertension SBP and/or DBP > 95th percentile 32.4% 6
cohort for age-sex-height
Cheng et al. (59) Multi-stage 1,309 China 10-17 Metabolic According to Metabolic syndrome 41.2% 6
Cluster-sample syndrome and prophylaxis and treatment
survey proposal in Chinese children and
adolescents
Dong et al. (60) Cross-sectional 4,898 China 6-17 Hypertension The age- and gender-specific BP 38.7% 9
survey cutoff points in Chinese children and
adolescents
Esposito et al. Case-control 148 Italy 79 Anxiety- CDI 16.8% 6
61) study depression
Genovesi et al. Cross-section 5,131 Italy 5-11 Hypertension When SBP and/or DBP at first 21.5% (M) 6
(62) survey screening were > or = 90th percentile 20.1% (F)
and the mean of three subsequent
measures was > or =95th percentile.
Jmal et al. (63) Cross-sectional 306 Tunisia 10-12 Metabolic IDF criteria. 14.3% 7
survey syndrome
Koebnick et al. Cross-sectional 237,238 USA 6-17 Hypertension Two BP > 95th percentile (or 8.2% 8
(64) survey >140/90 mm Hg even if lower than
the 95th percentile
Luo et al. (65) Cross-sectional 7,893 China 6-18 Hypertension SBP and/or DBP > 95™ Percentile 19.2% 8
survey.
Manios et al. (66) Cross-sectional 2,263 Greece 13-18 Hypertension SBP and/or DBP > 95! Percentile 48.3% 8
survey
Nkeh-Chungag  Cross-sectional 388 Czech 13-17 Hypertension SBP and DBP > 95th percentile for 17.7% 7
etal. (67) survey Republic height, age and sex
Ogunleye et al.,  Cross-sectional 5,983 England 10-16 Mean arterial MAP = 2/3 DBP + 1/3 SBP 29.7% 6
[2013] survey pressure (MAP)
Pecin et al. (68)  Cross-sectional 750 Croatia 15.9 Hypertension According to the current ESH/ESC 20.0% 9
survey guidelines
Pontiles de Cross-sectional 85 Venezuela 3-6 NAFLD Fatty liver pancreas-US 50.0% 8
Sanchez. et al. survey
(69)
7-11 NAFLD Fatty liver pancreas-US 39.7%
12-17 NAFLD Fatty liver pancreas-US 31.6%
Rakocevi¢ et al.  Cross-sectional 173 Croatia 7-16 Hypertension BP => 130/85mm Hg 25% 6
(70)
Sangun et al. (71) Records review 614 Turkey 7-18 Metabolic IDF criteria 33.0% 7
syndrome
Saury-Paredes Cross-sectional. 259 Mexico 5-11 Hypertension SBP and/or DBP > 95™ percentile for 18.8% 8
etal (72) gender, age
Shirasawa et al.  Cross-sectional 1,297 Japan 9-10 Hypertension an SBP > 135mm Hg or DBP > 39.4% (M) 9
(73) survey 80mm Hg 58.1% (F)
1,088 12-13 Hypertension an SBP >140mm Hg or DBP > 35.7% (M)
85 mm Hg was defined as HT in boys, 38.5% (F)
while an SBP > 135 mm Hg or DBP >
80 mm Hg was defined as HT in girls.
Steinthorsdottir ~ Cross-sectional 1,071 Iceland 9-10 Hypertension BP > 95th percentile at all three visits 8.6% 8
etal. (74) survey
(Continued)
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TABLE 2 | Continued

Reference Study design Sample size Country Age group Comorbidity Diagnosis criteria Prevalence in Quality
(number) (years) type children with  score
obesity
Suarez-Ortegdén  Cross-sectional 1,461 Colombia 10-16 Metabolic IDF criteria 72.8% 7
etal. (75) syndrome
Suazo et al. (76)  Cross-sectional 259 Chile 6-12 Metabolic the definitions by Cook et al. 26.3% 7
survey syndrome
Xu et al. (54) Cross-sectional 8,764 China 7-11 Metabolic IDF criteria 33.7% 6
survey syndrome (>10yrs)
21.8%
(<10 yrs)
Zhang et al. (77)  Cross-sectional 38,702 China 717 Hypertension SBP and/or DBP > 95th percentile 60.7 (M) 8
survey for age and gender 58.2% (F)
Zhang et al. (78)  Cross-sectional 8,568 China 7-18 Hypertension The 95th percentile of BP cutoff 57.8% 7
survey.
Zhang et al. (79)  Cross-sectional 38,822 China 7-17 Hypertension SBP and/or DBP C 95th percentile for 48.6% (M) 6
survey. age and gender 38.8% (F)
Zhou et al. (37) Cross-sectional 387 China 12-17 NAFLD Diagnostic criteria recommended by 45.0% 8
survey the Fatty liver and Alcoholic Liver

Disease Study Group of Liver Disease
Association in China

Rerksuppaphol  Cross-sectional 3,991 Thailand 4-17 Hypertension SBP and/or DBP >95th percentile for 49.5 6
et al. (80) survey. age and gender
Onsiiz et al. (53) Cross-sectional 2,166 Turkey 6-15 Hypertension Having the average SBP) or DBP 27.7% (All) 9
survey between the 95th percentile and the  23.4% (M<10)
99th percentile for sex, age, and 43.5% (M>10)
height 21.9% (F<10)
36.0% (F>10)
Minghelli et al. Cross-sectional 966 Portugal 10-16 Hypertension SBP or DBP > 95th percentile 12.7% 9
81) survey
Lower back pain 6.1%
Elmaogullari et al. Cross-sectional 823 Turkey 2-18 Dyslipidemia Dyslipidemia criteria 42.9% 9
(82) (Retrospective
record review)
NAFLD uss 56.4%
Sukhonthachit Cross-sectional Thailand 8-12 hypertension SBP and/or DBP > 95th percentile 13.8% 9
et al. (83) survey for hypertension
Lim et al. (84) Cross-sectional 1,526 Korea 10-19 Hypertension SBP and/or DBP > 95th percentile 28.4% 9
survey for hypertension
Metabolic 2007 IDF criteria 24.7%
syndrome
Dyslipidemia 55.4%
High glucose 9.2%
Elizondo- Cross-sectional 236 Mexico 6-12 Metabolic Cook’s criteria 40.3% 6
Montemayor survey syndrome
etal. (85)
Dyson et al. (86)  Cross-sectional 12,730 China 12-18 Hypertension Mean SBP or DBP reading (or both) 21.0% (M) 9
survey. 95th per centile for the predicted 29.7% (F)
value based on gender, age and
height
India 12-18 Hypertension 44.4% (M)
50.0% (F)
Mexico 12-18 Hypertension 30.9% (M)
25.3% (F)
Wang et al. (87)  Cross-sectional 3,373 China 16-18 Hypertension 25.5% (M) 6
survey 11.0% (F)
Metabolic IDF definition >=10yrs 14.7% (M)
syndrome 13.7% (F)

(Continued)
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TABLE 2 | Continued

Reference Study design Sample size Country Age group Comorbidity Diagnosis criteria Prevalence in Quality
(number) (years) type children with  score
obesity
Cook’s <10yrs 18.8% (M)
26.9% (F)
Cook’s >=10yrs 33.7% (M)
30.5% (F)
Mehairi et al. (88) Cross-sectional 1,018 UAE 12-18 Metabolic IDF criteria 55.2% (M) 6
survey syndrome 12.0% (F)
Gongetal. (89)  Cross-sectional 538 China 9-15 NAFLD USsSs 52.1% 8
survey.
Zakeri et al. (90)  Cross-sectional 9,172 Iran 10-18 Emotional Global School-based Health Survey 24.0% 6
survey problems (GSHS)
Depressive Global School-based Health Survey 30.9%
problems (GSHS)
Anxiety problems  Global School-based Health Survey 9.7%
(GSHS)
Papoutsakis et al. Prospective 1,138 Greece 10-14 Metabolic IDF 7.7% 6
91) study Syndrome
Elevated BP 55.0%
Chenetal. (92)  Cross-sectional 3,814 China 6-18 Metabolic IDF criteria 27.6% 6
survey syndrome
Wiegand et al. Cross-sectional 16,390 The 1-20 NAFLD elevated AST and/or ALT 9.5% 5
93) survey Netherland
Hypertension 95th percentile of European reference 16.7%
data
Hyperlipidemia according to the American Heart 36.8%
Association
Rafraf et al. (94)  Cross-sectional 985 Iran 14-17 Hypertension SBP and/or DBP > 95th percentile 46.4% 6
survey
Noonan et al. (95) Cross-sectional 1,852 USA 9-18 Asthma Questionnaire: (physician or other 11.6% 6
survey (4th-q2th health professional had told them
graders) they had asthma)
Kloppenborg Cross-section 3,978 Denmark 9-15 IFG WHO definition 3.4 (F) 6
et al. (96) survey 4.1 (M)
Di Bonito et al. Multi-center 1,769 Italy 5-18 NAFLD USsSs 36.4% 6
(97) cross-section
records review
Sadeghi-Demneh  Multi-level 667 Iran 7-14 Flexible foot Clinical assessment 52.8% 9
et al. (98) cluster survey
Multi-level Rigid foot Clinical assessment 25.0% 6
cluster survey
Multi-level Activity pain Clinical assessment 3.2% 6
cluster survey
Schwandt et al.  Analysis of 22,051 Germany 3-18 Hypertension 18.6 (F) 6
(99) secondary data 24.0% (M)
Rerksuppaphol Cross-sectional 3,991 Thailand 4-17 Hypertension 49.5 6
etal. (80) survey
Kajbaf et al. (100) Cross-sectional 903 Iran 7-11 Wheeze in the 68.7% 9
survey past
Kajbaf et al. (100) Cross-sectional Exercise induced 23.4% 6
survey wheeze
Bell et al. (101) Case control- 283 Australia 6-13 IGT 5.3% 6
incidence study
Hyperinsulism 38.9%
Hypertension 19.0%
Dyslipidemia 73.7%

ALT, Alanine transferase; AST, aspartate transferase; BF, blood pressure; CDI, The Children Depression Inventory (CDI); DBR, diastolic blood pressure; F, female; GSHS, Global School-
based Health Survey; IDF, International Diabetes Federation; IGT, impaired glucose test; M, male; MAR, mean arterial pressure; NAFLD, non-alcoholic fatty liver disease; SBR, systolic
blood pressure; USS, ultra sound scan; WHO, World Health Organization.
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TABLE 3 | Childhood obesity comorbidity prevalence range in children aged 2-18 years by development status.

Childhood obesity Range of prevalence of  Range of prevalence

Median of prevalence

Median of prevalence Comments

comorbidity obesity comorbidity in range of obesity of obesity comorbidity of obesity comorbidity
HICs (2to 18 years). comorbidity in LMICs (2 in HICs (2 to 18 years). in LMICs (2 to 18 years)
to 18 years). (95% CI) (95% CI)
Hypertension (SBP 3-26% (62, 64, 74, 81, 14-61% 13% 36%* Higher prevalence of
and/or DBP > 95th 84, 93, 99, 102-104) (36, 53, 56-58, 60, 65— hypertension among children in
percentile) 68, 70, 72, 77, 78, 80, 83, Thailand, Turkey, China and
86, 87, 105-107) Mexico than in any of the
Western developed countries
MetS (IDF criteria) 3-8% (96, 102) 12-73% (55, 59, 68, 71, 6% 27%** Children from Colombia aged
75, 76, 84, 87, 88, 92) 10-16 had highest prevalence
(~73%) compared to highest
the developed countries,
Greece at 8%
NAFLD (steatosis 10-36% (93, 97) 32-56% (37, 69, 82, 89) 23% 48%** Higher prevalence of NAFLD in
echogenicity) developing countries
Dyslipidemia (fasting 52-74% (84, 101) 43-54% (82, 108) 63% 44%** Highest prevalence of
lipids > 95th dyslipidemia was in Australian
percentile) children
Anxiety-Depression 10-17% (61, 103) 10% (90) 13% 10% No discernable trends

(CDI/ GSHS)

BR, Blood pressure; CDI, The Children Depression Inventory; Cl, confidence interval; DBF, diastolic blood pressure; GSHS, Global School-based Health Survey; IDF, International
Diabetes Federation; NAFLD, non-alcoholic fatty liver disease; SBF, systolic blood pressure. *p < 0.05; **p > 0.05.

TABLE 4 | Childhood obesity comorbidity by gender.

Obesity comorbidity Prevalence Prevalence Prevalence Prevalence

range boys range girls median boys median girls
Hypertension 21.0-60.7% 11.0-58.2% 37.6% 32.9%
Metabolic syndrome ~ 14.7-55.2% 12.0-13.7% 35.0% 12.9%

to ameliorate obesity and associated health risks in the
pediatric population.

The review showed that LMICs and global regions with
lower income status had higher prevalence of the common
childhood obesity-related NCD than HICs (Tables 1, 3). This
is consistent with reports that populations living in LMICs or
having low socioeconomic status in HICs are at increased risk
of developing NCD such as CVD, NAFLD, and T2DM (112-
114). For example, the adjusted incidence of stroke was reported
to have doubled from 52 to 117 per 100,000 person-years in
LMICs, but decreased in HICs by about 42% over a 4-year
period (113). Furthermore, Sposato et al. (114) also found that
lower per capita gross domestic product adjusted for purchasing
power parity correlated with a higher incident risk of stroke
(p = 0.027, R?> = 0.32) (114). While it is estimated that the
global NCD burden will increase by 17% in the next 10 years,
in the African region it is projected to increase by up to 27%
(5). Similarly, almost half of all deaths of all ages in Asia are
now attributable to NCD, accounting for 47% of the global
burden of disease (5). At present, India is projected to have the
highest global number of patients with diabetes, at 79.4 million
in 2030 (115). Therefore, understanding NCD burdens specific

to LMICs in the pediatric populations could help in devising
effective prevention strategies for childhood obesity and its
consequences based on the understanding of challenges found in
LMICs. Such prevention challenges that may be shared with high-
risk adult population include poverty, increased urbanization,
lifestyle factors, and poor air quality, which are common in
LMICs (14).

Although evidence suggests that living in LMICs is associated
with an increased risk of developing NCD, the causal pathway
between socioeconomic status and NCD is complex and not well
understood (116). Some studies suggest that earlier adoption
of healthy behaviors by advantaged socioeconomic groups is
followed by an increased prevalence of risky behaviors among the
disadvantaged socioeconomic groups (117, 118). For example,
Marins et al. (119) reported a strong association between a
low level of schooling and cardiovascular risk factors in an
urban center in Brazil (OR1-77, 95% CI 1-39-2-26). While there
is no conclusive explanation of the causal pathway between
socioeconomic status and NCD, our analysis shows that children
from LMICs are at more risk of NCD (Table 4). The reasons for
this observed pattern may include material deprivation, exposure
to unhealthy living conditions and unsafe environment, and
limited access to high-quality health services and prevention
interventions (120, 121). Adopting NCD prevention through
awareness and behavioral interventions in LMICs should
therefore adopt an economic-based model, in which community
disparities are addressed. Such an approach was recently
suggested for preventing MM in LMICs through targeting a
cluster of NCD with a multipronged intervention approach (14).
This may be adopted for specific age groups, including children
with obesity, especially personalized interventions that prevent
several metabolic risk factors (122, 123).
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Several studies have reported that rapid urbanization and
air pollution are linked to NCD in LMICs for all adults (124-
130), and hence, children might be particularly disadvantaged
in this regard and likely to benefit from early interventions
that are appropriate for LMICs. In addition, relative poverty
and its associated adverse effects on intrauterine environment
affect the functional development of a fetus and lead to
an increased risk of development of NCD in adolescence
and later life (131). Epidemiological studies have linked
small size births with increased risk of CVD and other
NCD (132). Insufficient nutrition in the intrauterine life may
result in increased susceptibility to lifestyle-related NCD risk
factors (133). This is an important factor in childhood NCD
burden in many LMICs, where the realities are increased
urbanization associated with high levels of urban poverty
and marginalization of the rural poor (134, 135). These
might, in part, explain the observed differences in childhood
obesity-related hypertension, metabolic syndrome, and NAFLD
prevalence between LMICs and HICs reported in this review
(Table 3).

In terms of ethnic and cultural disparity, ethnic minority
groups within HICs are known to have a higher risk of obesity
and associated NCD such as insulin resistance and metabolic
disease (118). Several studies have reported the interplay among
lifestyle, environmental, and genetic factors to explain a higher
degree of hyperinsulinemia and correlation with adiposity,
among South Asian compared with white children of similar
age (131, 136-138). However, explaining disparities due to
geographical ethnicity or country found in this review (Table 2)
is complex. Biologically mediated racial or ethnic differences in
NCD risks are reported but the actual genetic differences remain
unclear as putative genes or gene variants have not yet been
identified (139). However, exposure to NCD during fetal life and
infancy is reported to increase the risk of developing childhood
NCD (140). The Bogalusa Heart Study, for example, shows that
the offspring of diabetic parents displays quicker progression to
insulin resistance characteristics in the early years to adolescence
(25), providing plausible evidence of biological factors at
play. High prevalence of adult NCD among some population
groups, therefore, increases the risk of childhood NCD in
their offspring.

Interestingly, the trend in the prevalence of dyslipidemia
departed from other childhood obesity-related NCD between
HICs and LMICs in this review (Table3). Although some
previous studies in adults have shown lower levels of lipids in
ethnic minority groups than in white counterparts, for instance,
the mean plasma triglyceride concentration was estimated to
be 20 mg/dl lower in African-Americans compared with their
white counterparts (141), several studies have also shown that
dyslipidemia and excessive body fat occur at lower levels of BMI
in South Asians than in white ethnic group (131, 142-144). Given
that there were only four studies that reported on dyslipidemia
in this review, the differences may not reflect the true picture
of disparity.

Our results on gender disparity in childhood comorbidity
(hypertension and metabolic syndrome) in boys than girls are
irrespective of whether they occurred within LMICs or HICs.

BOX 1 | Implications for practice and research.

e The need for interventions that target at-risk population groups to be
culturally and contextually sound through the involvement of specific
population group. This should take into consideration the socioeconomic
realities of the specific population, informed by local evidence and cultural
appropriateness.

The need to design and conduct research studies on how best to reach
the at-risk population with an individualized approach in countries with
resource constraints and weak health systems.

The need to strengthen methods for surveillance of childhood obesity-
related NCD to guide local policies and interventions. The WHO STEP-wise
survey approach has a limitation when it comes to children as it targets
adults aged 25-64 years (149). Development of tailored methodological
approaches that take into consideration childhood obesity-related NCD is
therefore required.

This is consistent with previous reports on gender disparity
in obesity among children. World Obesity Federation Atlas of
Childhood Obesity (2019) showed that about 65% of countries
reported a higher prevalence of obesity among boys than girls
aged 5-19 years, most of which were in high- and middle-
income countries (3). Furthermore, the national Canadian data
2004-2013 showed a 2-fold higher prevalence of obesity among
boys than girls (145). Similarly, in China, among children
aged 7-18 years, boys had a higher prevalence of obesity
than girls (146). In the UK, the National Child Measurement
Program (NCMP) shows that boys, children from most deprived
areas, and ethnic minorities have a disproportionately higher
prevalence of obesity (147). These differences are attributed
to risk factors shared with other NCD such as biological
differences in body composition and sociocultural differences
between sexes. For example, girls in the HICs are reported to
prefer food lower in energy, while boys consume more meat
and energy-dense food (148). The findings of the review are
therefore consistent with the expected gender disparities in
obesity-related NCD.

Implications for Practice and Research
Given the disparity in burden and underlying risks factors
of childhood obesity comorbidities, the key implications for
practice and research are summarized in Box 1.

Limitations

First of all, we included children aged 2 and 18 years
based on the WHO definition of childhood obesity (3).
However, some countries adopt a higher cutoff age for the
definition of childhood obesity (46). As a result, we had
to exclude some articles because they did not meet our
inclusion criteria for the cutoff age. Second, each of the 54
selected studies used different methodological approaches in
selecting study population, study setting, and survey methods
(national survey, local community schools). Thus, it was not
possible to perform a meta-analysis; instead, we provided
median prevalence for predefined subgroups. Nevertheless, it
was possible to draw several useful trends from the complex
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datasets of heterogeneous studies. Third, the majority of
studies on LMICs seemed to have assessed hypertension more
frequently than other NCDs, perhaps due to resource limitations.
Consequently, this may have biased the true picture of the
distribution of childhood obesity-related NCD in LMICs.
Research using advanced screening in LMICs is therefore
needed to provide a comprehensive picture of childhood obesity
comorbidities burden.

CONCLUSION

Childhood obesity, with its associated NCD comorbidities,
is a major global public health problem. Globally, there is
a disparity in the prevalence of childhood obesity-related
hypertension, —metabolic ~syndrome, dyslipidemia, and
NAFLD comorbidities, between HICs and LMICs, different
global regions, and genders. Socioeconomic factors seem
to be the main determinant for disparity between LMICs
and HICs, besides biological, environmental, cultural, and
modifiable lifestyle differences. Implementing targeted lifestyle
interventions that are context specific to the socioeconomic
realities of the population and informed by local evidence
is required. Furthermore, strengthening research and
surveillance methods for childhood obesity-related NCD
to improve local policies and appropriate interventions
is needed.
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Background: Numerous studies suggest a positive association between
physical activity and physical fitness in schoolchildren. However, little is known
about some neglected forms of physical activity and their associations with
physical fitness. This study was conducted via a self-reported questionnaire,
owing to the COVID-19 pandemic in many regions in China.

Purpose: This study explores the associations between participating in sports,
muscle-strengthening exercises, and active commuting with self-reported
physical fitness assessed by the International Fitness Scale (IFIS).

Methods: A total of 3,807 study participants (ages 11-17) from 12 public
schools in South-eastern China were recruited, with 2,407 providing valid
data on variables for analysis. Study participants were asked to self-report
their sociodemographic factors (i.e., sex, grade, age), participation in sports
(never, 1-3 times per month, 1-2 times per week, and 3 or more times
per week), muscle-strengthening exercise (0—7 days) and active commuting
(0-5 days). Generalized linear models were used to explore the associations
between sports participation, muscle-strengthening exercise, and active
commuting with self-reported physical fitness (comprising general physical
fitness, cardiorespiratory fitness, muscular strength, speed and agility, and
flexibility). A total of 2,407 children and adolescents with a mean age of 13.82
(£2.1) years were included in the study’s final analysis.

Results: The study found no significant association between active
commuting and physical fitness. Regarding participating in sports and
muscle-strengthening exercises, positive, significant associations were found,
which showed that a higher frequency of participating in sports and more
participation in muscle-strengthening exercises are associated with improved
physical fitness.
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Conclusion:
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This study offered evidence on the roles of some aspects

of physical activity in physical fitness. To promote health in children and
adolescents, they should be encouraged to participate in more sports and
engage in muscle-strengthening exercises.

sports participation, muscle strengthening exercise, active school travel, self-reported

physical fitness, China

Highlights

- Physical fitness levels should be improved considerably in
Chinese children and adolescents.

- Sports participation and muscle-strengthening exercise
(MSE) were associated with higher levels of self-reported
physical fitness.

- Active commuting might not be a contributor to

in Chinese children

self-reported  physical fitness

and adolescents.

Introduction

Physical fitness is defined as a set of attributes that
people have or achieve while maintaining physical activity (1,
2). It is a well-recognised marker of an individual’s health
status (3-5). Physical fitness is classified as health-related and
skill-related fitness (6). Five components compromise health-
related physical fitness (HRPF): cardiorespiratory fitness, body
composition, muscular strength, muscular endurance, and
flexibility (6). Much evidence has demonstrated the importance
and health benefits of higher levels of HRPF in children and
adolescents (7, 8). For example, adolescents with higher levels
of HRPF have a reduced risk of cardiovascular disease in
later life (9). Cardiorespiratory fitness in adolescents is also
directly associated with mental wellbeing and quality of life
(10, 11). Also, higher cardiorespiratory fitness is positively
associated with academic performance among adolescents (12).
Muscular fitness (e.g., strength and endurance) is associated
with lower risks of adiposity and cardiometabolic parameters
and greater bone health in later life (13, 14). Because of
the significance of HRPE it is important to identify more
effective ways to encourage it in children and adolescents.
Nevertheless, synthesized data shows that lower levels of HRPF
have been observed over the past two decades in children and
adolescents (15).

Participating in regular and sufficient physical activity
is associated with greater levels of HRPF in children and
adolescents (7, 8). However, these studies focused on the overall
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levels of physical activity instead of different types of physical
activity. According to earlier studies, adolescents can participate
in many types of physical activity, including some that have
been shown to be significantly associated with health outcomes
and fitness components (8, 16, 17). For example, among the
different types of physical activity, sports participation, muscle-
strengthening exercise (MSE), and active commuting (AC) can
all be organised frequently in school settings, while AC can
happen daily. These two types are essential components of
global surveillance of active lifestyles (18, 19). In terms of
MSE, the World Health Organization recommends that young
people (aged 11-17) should engage in it at least three times a
week (20). Moreover, a large body of evidence indicates that
participating in sports, MSE, and AC are associated with HRPF
in adolescents (21-23).

Participating in sports is considered crucial to promoting
positive health outcomes in children and adolescents (24, 25).
Evidence has demonstrated higher levels of HRPF can be gained
from participating in sports (26). A systematic review indicated
that participating in organized sports was positively associated
with muscular fitness among adolescents. AC plays a prominent
role in preventing the risk of mental disorders (27, 28) and may
reduce risks associated with poorer HRPF levels (21, 23). MSE is
negatively associated with mental health disorders in adolescents
and it can also promote muscular fitness (29). This evidence
illustrates the importance of participating in sports, MSE, and
AC for young people and promoting their health.

Studying the association between different types of physical
activity and fitness helps design efficient and contextual fitness
or health promotion plans. However, these associations remain
rare in literature, limiting researchers’ understanding of fitness
promotion. It is, therefore, valuable to explore the associations
of participating in sports, MSE, and AC with HRPF.

With the COVID-19 pandemic still active in many Chinese
regions, assessing HRPF in adolescents using field-based
assessment (such as a shuttle run for cardiorespiratory fitness)
is unrealistic. Therefore, it is necessary to find an alternative
to assess HRPF in adolescents. The International Fitness Scale
(IFIS) is an option that can assess adolescents’ HRPF simply and
conveniently (30). The IFIS was developed in 2011 and much
evidence has indicated that it is a reliable and valid instrument to
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assess HRPF in adolescents (30), with many studies confirming
the psychometric properties of the IFIS in adolescents from
various countries (31, 32). Unfortunately, evidence linking the
benefits of participating in sports, MSE, and AC with self-
reported HRPF is very rare, but this makes it worth studying.

To fill the research gap, this study, therefore, aims to explore
the links between participating in sports, MSE, and AC (three
different types of physical activity) with self-reported HRPF
using a sample of Chinese adolescents.

Methods
Study design and participants

This study was a cross-sectional survey conducted between
March and October in south-eastern China. 12 public schools
in four cities in the South-eastern region were contacted,
comprising 5 elementary schools, 5 middle schools and 2
high schools. In each school, 1-3 classes of each grade were
randomly selected by a contact assigned to each school. This
procedure recruited the initial sample comprising 3,807 children
and adolescents (ages 11-17). Study participants providing
information on variables of interest were included in this study,
while those who did not report data on any variables (e.g.,
independents, outcomes and covariates) of interest that this
study needed were excluded from the initial sample. For this
study and further analysis, only 2,407 study participants were
included as they provided valid data on variables this study
needed. All the children and adolescents involved in the study,
as well as their parents or guardians, were specifically advised
that participation was completely voluntary. The study protocol
and procedure were approved by the Institutional Review Board
(IRB) of the Shanghai University of Sport with a Grant Number
of 102772021RT071.

Measures

Independent variables (sports participation,
MSE, AC)

Sports participation was measured by one question about the
participation in organized sports and/or programs over the past
12 months. Participants were required to answer the frequency
of sports participation in one week, with answer options of
(1) Never, (2) 1-3 times per month, (3) 1-2 times per week,
and (4) 3 or more times per week. This item has demonstrated
good reliability and validity in assessing sports participation of
children and adolescents (33).

MSE was assessed by the following question: “In the past
week, how many days did you engage in exercise to strengthen or
tone the muscle, such as push-ups, sit-ups, or lifting weights?” The
possible responses were: 0 = none, 1 =1 day, 2= 2 days, 3 =3
days, 4 = 4 days, 5 = 5 days, 6 = 6 days, and 7 = 7 days. This
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measure has been confirmed as reliable and valid in assessing
MSE among Chinese children and adolescents (34). Based
on the recommendation of the World Health Organization,
participants who responded for 3 days or more were considered
to meet the MSE guideline, otherwise, they were classified as not
meeting the guideline (20).

AC was assessed by two independent questions: (1) On the
weekdays, how many days did you go to school by walking, riding
cycles, or other active ways? and (2) On the weekdays, how many
days did go home after school by walking, riding cycles or other
active ways?. The answer options for both the questions were
0-5 days.

Outcome variable (physical fitness)

The International Fitness Scale (IFIS) was used to evaluate
the self-reported levels of HRPF, using a five-point Likert scale
(very poor, poor, average, good, and very good). The IFIS
contains five components, including general physical fitness,
cardiorespiratory fitness, muscular strength, speed and agility,
and flexibility. The scale has demonstrated acceptable reliability
and validity in adolescents (32). In addition to the study sample
for further analysis, 544 Chinese children and adolescents
were also recruited, who took part in a reliability study. The
unpublished results indicated that the IFIS had acceptable
reliability (weighted kappa: 0.42-0.52; coefficient of internal
consistency of 0.72) in Chinese children and adolescents (35).
There has been convincing evidence to demonstrate the validity
of the IFIS in children and adolescents (30). Hence, it was
deemed that the IFIS can be used as a workable and valid
instrument to assess HRPF in study participants of this study.

Controlling variables

Information on study participants’ age, sex, siblings,
living with parents or not, grade, residence, father and
mother education level, and perceived family affluence (0-
10 scale) were measured by a self-reported questionnaire.
These sociodemographic factors were treated as covariates in
further statistical analysis. Besides, study participants’ moderate
to vigorous physical activity and recreational screen time
was assessed by the measures derived from the Health
Behaviour in School-aged Children survey, with acceptable
reliability and validity in Chinese children and adolescents
(36). Sleep duration was measured by the Pittsburgh Sleep
Scale. Moderate to vigorous physical activity, recreational
screen time, and sleep duration was dichotomized as binary
variable based on the Canadian 24-h Movement Guidelines
(37, 38).

Statistical analysis
Prior to formal data analysis, missing data was coped
with by using complete case analysis and the procedure
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Responded sample (n=3807)
Sex (n=103)
Grade (n=163)
Residence (n=113)
Siblings (n=128)
Father education (n=145)
| Mother education (n=112)
Family affluence (n=123)
Living with parent (n=135)
Moderate to vigorous physical activity (n=110)
Screen time (n=154)
Sleep duration (n=73)
Sport participation (n=41)
Analytical sample (n=2407)
FIGURE 1
The procedure used for cleaning invalid and missing data in this study.

can be found at Figurel. All the statistical analysis was
performed using SPSS 26.0 Version. Descriptive statistics
(mean/standard deviation and percentage) were used to report
sample characteristics. Mean with standard deviation was for
continuous variables (e.g., age) while the percentage was for
categorical variables (e.g., grade, residence). Partial correlation
was used to explore the associations among sports participation,
MSE, AC, and HRPF indicators after controlling for all
the sociodemographic factors, moderate to vigorous physical
activity, screen time, and sleep duration. To estimate the
associations of sports participation (reference group: never),
MSE (reference group: <3 times per week), and AC (0 days) with
HRPF indicators, five separate models were established (model
1 for general physical fitness; model 2 for cardiorespiratory
fitness; model 3 for muscular strength; model 4 for speed
and agility; model 5 for flexibility). Entered in the model,
sports participation, MSE, and AC were entered the model
while controlling for all the other covariates. Generalized linear
models with ordinal logistic regression were used to achieve the
association estimation. The statistical significance was set up as
p < 0.05.
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Results

Table 1 presents the sample characteristics. The mean age of
all the study participants was 13.82 (£2.1), with boys accounting
for 52.7%. More information on the study participants can be
found in Table I. In terms of sports participation, MSE, AC
and self-reported HRPF indicators, 59.7% of the participants
reported never engaging in any sports activities, whilst only
7.6% participated in sports more than three times per week. In
addition, 23.4% met the MSE guideline. About 40% of study
participants selected Active commuting for going to school or
going home on weekdays.

The results from the partial correlation between sports
adherence to the MSE guideline, Active
commuting, and HRPF indicators are shown in Table2

participation,

after controlling for all the covariates. Specific results indicate
that sports participation was correlated with all the indicators
of self-reported HRPF (r ranged from 0.16-0.24, p < 0.001).
Adherence to the MSE guideline was also associated with all
the indicators of self-reported HRPF (r ranged from 0.13-0.23,
p < 0.001). Active commuting was correlated with HRPF
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TABLE 1 Sample characteristics of this study. TABLE 1 Continued
n/Mean %/SD n/Mean %/SD

Age 13.82 2.1 MSE guideline
Sex Not meet 1,844 76.6
Boy 1,268 52.7 Meet 563 234
Girl 1,139 47.3 Active commuting on a weekday (go to school)
Siblings 0 1,077 44.7
Yes 1,184 492 1 day 128 5.3
No 1,223 50.8 2 days 132 5.5
Living with parents 3 days 91 3.8
Yes 2,018 83.8 4 days 80 3.3
No 389 16.2 5 days 899 37.3
Grade Active commuting on a weekday (after school)
4 355 14.7 0 970 40.3
5 334 13.9 1 day 144 6.0
7 353 14.7 2 days 129 5.4
8 415 17.2 3 days 100 4.2
10 515 214 4 days 67 2.8
11 435 18.1 5 days 997 414
Residence Overall physical fitness
Rural 277 11.5 Very poor 78 3.2
Suburban 526 21.9 Poor 297 123
Urban 1,604 66.6 Average 1,254 52.1
Father education level Good 581 24.1
Middle school or below 623 259 Very good 197 8.2
High school 595 247 Cardiorespiratory fitness
Undergraduate 772 321 Very poor 90 3.7
Graduate 137 5.7 Poor 341 14.2
Unknown 280 11.6 Average 1,140 47.4
Mother education level Good 621 25.8
Middle school or below 770 320 Very good 215 8.9
High school 512 21.3 Muscular strength
Undergraduate 732 30.4 Very poor 385 3.5
Graduate 114 4.7 Poor 380 15.8
Unknown 279 11.6 Average 1,239 51.5
Family affluence 5.09 1.5 Good 549 228
MVPA guideline Very good 154 6.4
Not meet 2,250 93.5 Speed/Agility
Meet 157 6.5 Very poor 63 2.6
Screen guideline Poor 305 12.7
Not meet 1,368 56.8 Average 1,120 465
Meet 1,039 43.2 Good 667 277
Sleep guideline Very good 252 105
Not meet 1,674 69.5 Flexibility
Meet 733 305 Very poor 166 6.9
Sport participation Poor 530 2.0
Never 1,436 59.7

Average 1,031 42.8
1-3 times per week 370 15.4

Good 491 20.4
1-2 times per week 419 17.4 Very good 189 7o
3 or more times per week 182 7.6

SD, standard deviation; MVPA, moderate to vigorous physical activity; MSE, muscle

(Continued) strengthening exercise.
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indicators, except for flexibility. This result is also displayed
in the association between active commuting for home and
HRPF indicators.

Following control of all the covariates in the current
study results from the regression models suggested that sports
participation (Figure 2) and adherence to the MSE guideline
(Figure 3) were significantly associated with HRPF indicators in
the study participants. Specifically, compared with participants
who were never involved in sports participation, those reporting
1-3 times per month, 1-2 times per week, and 3 or more times
per week had a greater likelihood of general physical fitness (OR
= 1.86, 95% CI: 1.49-2.33; OR = 1.77, 95% CI: 1.41-2.21; OR
= 4.67, 95% CI: 3.36-6.49). Similar results were also found in
the association between sports participation and other HRPF
indicators. However, no dose-dependent association was found
between sports participation and HRPF indicators, except for
muscular strength. As for the association between MSE and
HRPF indicators, study participants meeting the MSE guideline
were more likely to report higher levels of HRPF (OR for
general physical fitness = 2.02, 95% CI: 1.66-2.47; OR for
cardiorespiratory fitness = 2.01, 95% CI: 1.65-2.44; OR for
muscular strength = 2.23, 95% CI: 1.82-2.72; OR for speed
and agility = 1.85, 95%CI: 1.52-2.26; OR for flexibility = 1.60,
95% CI: 1.32-1.93). In the regression model, no significant
association was found between Active commuting and HRPF
indicators (all p > 0.05; data not shown) in the results.

Discussion

The primary aim of the current study is to examine
the association between several types of physical activity and
self-reported physical fitness (e.g., overall physical fitness,
cardiorespiratory fitness) in adolescents aged 11-17. It was
found that participating in sports and MSE are positively
associated with higher levels of self-reported physical fitness
indicators in adolescents. However, AC was not found to be
associated with any self-reported physical fitness indicators.

A growing body of evidence has confirmed the positive
associations between participating in sports and HRPF
indicators in children and adolescents. For example, the
Physical Activity Health Longitudinal (PAHL) study reported
that adolescents who regularly participate in sports had higher
levels of physical fitness (field-based assessments) (26). A
longitudinal study suggested that those who participate in
sports outperformed those who do not when measuring
(field-based (39).
Participating in sports was also favourably associated with

cardiorespiratory fitness assessments)
muscular strength (self-reported questionnaire) (40).
This convincing evidence supports the present research
findings. It is, therefore, expected that children and adolescents
who participate in sport more frequently can increase their
PA levels (41), which in turn improves levels of physical
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fitness indicators. However, compared with some other studies
that investigated the context of participating in sports (e.g.,
in school or out-of-school) (42), the present study failed to
categorise the contexts in which participation occurred. This
limits the current study to further explore the contextual health
promotion effectiveness of participating in sports in children
and adolescents. Future studies should fill the research gaps.
Regarding the associations between participating in sports
and physical fitness indicators (except for muscular strength),
a no dose-response association was found, which may go
beyond expectations. A possible reason for this may be due
to measurement bias resulting from self-reported measures
on sports participation and physical fitness indicators. Of
note, odds ratios for the association between participating in
sports three or more times and physical fitness indicators
were larger than other levels of sports participation. This
may imply that participating in sports at a specific frequency
can help improve physical fitness indicators in children
and adolescents.

As an important component of physical activity, MSE
has been confirmed to be associated with a variety of health
benefits (43, 44), including promoting mental health (45, 46)
and physical fitness improvement (47, 48). It is, therefore,
suggested that researchers encourage individuals to participate
in more MSE. For children and adolescents, engaging in
more muscle promoting activity contributes to higher levels of
muscular fitness, including muscular strength and endurance
(13). This supports the current study findings that MSE
is associated with muscular strength. Moreover, evidence
has suggested that MSE can increase other physical fitness
indicators. Morrow et al. (49) found that adherence to the
MSE guideline was more likely to produce greater levels
of cardiorespiratory fitness. The present study also provides
evidence for supporting previous, well-recognised guidelines
that children and adolescents should engage in MSE at least
three times a week, as this study is the very first to examine
the association between meeting the MSE guidelines and various
physical fitness indicators (albeit self-reported). Collectively,
promoting MSE in children and adolescents should be a priority
for future health promotion initiatives.

In addition to cardiorespiratory fitness and muscle strength,
the current study also suggests that participating in sports and
muscle-strengthening exercises are positively associated with
speed, agility, and flexibility. Currently, there is no evidence
concerning the associations between these two types of physical
activity with speed, agility, and flexibility, so it is impossible
to find comparable evidence. One explanation for the research
findings is that participating in sports and muscle-strengthening
exercises might make children and adolescents feel fitter, leading
them to report higher levels of these two attributes.

Somewhat inconsistently with previous studies (21), the
results found that AC was not associated with any self-reported
HRPF indicators. Indeed, as AC is associated with higher

frontiersin.org


https://doi.org/10.3389/fpubh.2022.873141
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Shi et al.

10.3389/fpubh.2022.873141

TABLE 2 Partial correlation between sports participation, muscle strengthening exercise, active commuting and self-reported health-related

physical fitness.

1 2 3 4 5 6 7 8 9
1. Sports participation 1.00
2. Muscle strengthening exercise 0.25%** 1.00
3. AC in weekday (school) 0.10%%¢ 0.06** 1.00
4. AC in weekday (home) 0.08*** 0.06** 0.80*%* 1.00
5. General physical fitness 0.24%** 0.21%%* 0.07%* 0.06** 1.00
6. Cardiovascular fitness 0.22%** 0.20%* 0.07%%* 0.07%* 0.570%% 1.00
7. Muscular strength 0.21%%* 0.23%%* 0.04 0.05% 0.470%% 0.43%** 1.00
8. Speed and agility 0.21%** 0.19%** 0.07*** 0.05* 0.51% 0.43%** 0.43%** 1.00
9. Flexibility 0.16%** 0.130* 0.02 0.00 0.27%* 0.244%* 0.24*%* 0.27%%* 1.00

AC, active commuting. * p < 0.05, ** p < 0.01, *** p < 0.001.

@ General phsyical fitness WM Cardiorespiratory fitness A Muscular strength € Speed and agility % Flexibility
OR [95% CI]
1-3 times/m —e— 1.86 [1.49-2.33]
1-2 times/w —e— 1.77 [1.41-2.21]
=3 times/w k L i 4.67 [3.36-6.49]
1-3 times/m —a— 1.71 [1.37-2.13]
1-2 times/w —— 1.56 [1.25-1.94]
=3 times/w k L i 3.77 [2.72-5.23]
1-3 times/m  |F—&— 1.31 [1.05-1.64]
1-2 times/w | —&— 1.40 [1.12-1.75]
=3 times/w t & i 3.30 [2.37-4.59]
1-3 times/m —e— 1.77 [1.42-2.21]
1-2 times/w —e— 1.76 [1.41-2.20]
=3 times/w I g { 3.18 [2.30-4.40]
1-3 times/m | —4—] 1.34 [1.08-1.66]
1-2 times/w  [F——{ 1.29 [1.04-1.60]
=3 times/w P 2.51 [1.84-3.41]
I T T T T T T 1
0 1 2 3 e - 6 7 8
Odds Ratio
FIGURE 2
Association between frequency of sports participation and self-reported health-related physical fitness indicators. Model controlled for age, sex,
siblings, living with parents or not, grade, residence, father and mother education level, and perceived family affluence, moderate to vigorous
physical activity, recreational screen time and sleep duration. m, month; w, week; OR, odd ratio; Cl, confidence interval. Reference group: never.

levels of physical activity, it is likely that AC may lead to
greater physical fitness among children and adolescents. A
systematic review found that AC was positively associated
with cardiorespiratory fitness in children and adolescents (21).
In contrast, the present study does not support this review.
Also, the current study suggests that AC is not associated
with other HRPF indicators. We assumed several possible
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reasons to interpret why AC is not associated with HRPF
indicators, including the lower intensity of AC (e.g., walking)
in children and adolescents; and self-reported HRPF is subject
to measurement and recalls bias; and that the measurement
of AC is not well-validated. For example, in specific, although
children and adolescent actively commuted between school and
home, its duration and intensity may be restricted, which may
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@ General phsyical fitness WM Cardiorespiratory fitness A Muscular strength 4 Speed and agility % Flexibility
OR [95% CI]
MSE =3 times/w k & { 2.02 [1.66-2.47]
MSE =3 times/w t L 3 i 2.01 [1.65-2.44]
MSE =3 times/w I r i 2.23 [1.82-2.72]
MSE =3 times/w —e—A 1.85 [1.52-2.26]
MSE =3 times/w —— 1.60 [1.32-1.93]
I T T
0 1 2 3 4
Odds Ratio
FIGURE 3

Association between muscle strengthening exercise and self-reported health-related physical fitness indicators. Model controlled for age, sex,
siblings, living with parents or not, grade, residence, father and mother education level, and perceived family affluence, moderate to vigorous

physical activity, recreational screen time and sleep duration. MSE, muscle-strengthening exercise; w, week; OR, odd ratio; Cl, confidence

interval. Reference group: no more than 3 times/week.

not trigger the threshold of increasing children and adolescents’
fitness level. Owing to the rare comparable evidence in this
study, more observational and intervention studies are needed
to explore and further confirm the roles of AC in physical fitness
in children and adolescents.

Study limitations and strengths

This study has some limitations inherent in its design,
measuring, and participants. First, owing to the study’s cross-
sectional design, the study could draw no causal conclusions.
In other words, the directionality of the association between
participating in sports and physical fitness indicators could
not be determined. Second, this study employed self-reported
measures to collect data on all the variables, which are subject to
recall bias and social desirability of the participants. However,
it should also be acknowledged that using objective measures
would be offering a solution for studies with a large sample size.
Third, as this study adopted a convenient and non-probabilistic
sampling method, the research findings may be more regionally
than nationally replicable. Finally, BMI was not included, which
should be mentioned in the current study as a limitation. Given
these limitations, future studies are encouraged to generate
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stronger evidence. Despite these limitations, this study still has
some strengths. This study is the first to assess the associations
between participating in sports and self-reported physical fitness
indicators, which therefore broadens the literature. Also, the
sample size in this study was large, so sufficient statistical power
was achieved. Finally, this study controlled for many covariates
to accurately estimate the association between participating in
sports and self-rated physical fitness.

Practical implications

e As self-reported physical fitness is recognised as an
important marker of health status, a regular assessment
or surveillance of self-reported physical fitness should be
incorporated into a large health surveillance system.

e Encouraging and MSE

participation in  sports

is recommended.

Conclusion

This study offers some evidence concerning the associations
between some types of physical activity and self-reported,
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health-related physical fitness in children and adolescents,
highlighting the roles of participating in sports and muscle-
strengthening exercises in improving self-reported physical
fitness. Future studies should confirm or negate the present
research findings.
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The purpose of this research was to determine if the scientific research device
combined heart rate variability combined with an acceleration sensor (Firstbeat
Bodyguard 2, BG2) was valid and reliable for time spent in different intensity
zones in free-living. A total of 55 healthy participants performed 48-h physical
activity (PA) monitoring with BG2, ActiGraph GT3X+ (GT3X+), and completed
Bouchard Physical Activity Diary (Bouchard) every night. In the available
studies, GT3X+ is considered the gold standard scientific research device for
PA monitor. We compared BG2 and Bouchard with GT3X+ by difference,
correlation, and agreement of PA and energy expenditure (EE) in free-living.
The results showed that BG2 estimated PA more accurately than Bouchard,
with a modest correlation (r > 0.49), strong agreement (r > 0.29), and they had
the lowest limits of agreement when estimating moderate to vigorous physical
activity (MVPA). The EE estimated by Bouchard was the highest among the
three methods, and the correlation and agreement between the three methods
were high. Our findings showed that the BG2 is valid and reliable for estimating
time spent in different intensity zones in free-living, especially in MVPA.

KEYWORDS

physical activity, energy expenditure, validity, intensity, free-living

Introduction

Physical activity (PA) that produces physical energy expenditure (total
energy expenditure or TEE) is defined as any movement that results in
a physiological response. Regular PA reduces the risk of mortality and
morbidity, regardless of other alterations in lifestyle (1). It is recommended
that adults between the ages of 18 and 64 years engage in 150-300
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mins of moderate-intensity aerobic activity per week or
75-150 min of high-intensity aerobic activity per week in
accordance with the 2020 WHO Guidelines (2). Although
energy expenditure (EE) is a significant factor in PA and
energy balance, maintaining a specific volume of moderate-to-
vigorous physical exercise activity (MVPA) is more important,
which is regarded as one of the recommended approaches for
preventing cardiovascular risk (3). In comparison, people tend
to ignore intensity when completing the recommended amount
of exercise (4), which might lead to the phenomenon where
people reach the recommended EE under continuous low-
intensity PA. Therefore, MVPA in our daily activities should be
emphasized considering the benefits of cardiorespiratory fitness.

Currently, various wearable microtechnologies such as
accelerometer (ACC), pedometer, and heart rate monitor
have been common in PA monitoring, among which ACC-
based sensors have been widely utilized within scientific
research (5). Specifically, the Actigraph GT3X+ accelerometer
is recognized as a reliable tool for adults under free-living
conditions to achieve such purpose (6). However, because
of their signal detection and data processing techniques,
they inevitably result in bias in estimated EE and time of
different activity intensities (7, 8). Due to the limitation
of wearing position, ACCs often ignore lower limb-based
movements, such as climbing stairs, pedaling, etc. Therefore,
many studies have also developed corresponding algorithms
based on the type of PA (9). Previous studies assessing
free-living intensity-specific PA and sedentary (SD) had
observed variations in ACC’s inter-instrument reliability across
intensity categories. The greatest variation has been shown
with coefficients of variation (CV) for SD (CV = 10.5%),
MPA (CV = 13.5%), and VPA (CV = 12.3%) and very
VPA (CV = 18.2%) (10). Trost et al. classified 12 different
physical activities into seven categories (lying down, sitting,
standing, walking, running, basketball, and dancing), using
machine learning techniques, and the classification accuracy
for the hip worn accelerometer was 91.0% =+ 3.1%. However,
it offers modest accuracy in dancing (64.1% for hip and
69.4% for wrist), and approximately 25% of the dancing
trials were misclassified as standing plus activities (11). Such
results indicate that a single monitoring system might not
be able to distinguish between dance and activities requiring
upright posture and arm movement (e.g., sweeping the floor).
Therefore, future studies should explore the viability of multiple
monitor systems.

Firstbeat Bodyguard 2 (BG2, Firstbeat Technologies Ltd,
Jyviskyld, Finland) is a body physiology modeling sensor
based on the HRV and tri-axial ACC data, calibrated for
personal information such as date of birth, gender, height,
weight, maximum HR, and minimum HR. BG2 is able to
deeply differentiate between mental stress and PA by combining
techniques to further improve the analytical recognition ability
of PA. Thus, combining technologies should theoretically
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improve the accuracy of EE estimates and calculate activity
time at different intensities with greater precision (12).
The BG2 is a commercially available device that provide
reliable R-R interval and movement data and could be
used in both free-living and lab scenarios. Preliminary
studies have demonstrated the advantages of integrating
physiological measures, such as heart rate variability combined
with an acceleration sensor (HRV/ACC) in the estimation
of TEE (13). Nonetheless, no available study has focused
on the accuracy of the time spent in different intensities
by BG2.

Besides, many studies used activity diaries conveniently for
PA estimation. Despite this, diary estimates tend to be biased
compared with the real life. Activity diaries are less effective for
intensity estimation because of the inherent method limitations
and participants’ comprehension biases (14).

Based on the above-mentioned rationale, this study
aimed to (i) compare the intensity-specific PA time spent
estimated by BG2 and Bouchard with that of GT3X+ to
evaluate the concurrent validity of BG2; (ii) compare the
estimated EE by three methods relatively. It was hypothesized
that combining HRV/ACC data exhibited higher consistency
on time spent in different intensity zones. As the study
takes into account the free-living scene, it is expected
that the findings of the study will inform researchers
with a more appropriate alternative to monitor PA in
generally population.

Methods and measures

Participants

This study recruited 102 healthy adults (58 men and
62 women) who signed a written informed consent before
experiment. The inclusion criteria before experiment were as
follows: (i) all participants with good sleep (PSQI score < 5);
(i) have no injury history affecting PA in the past 6 months;
(iii) do not participate in another biomedical study during the
experiment; and (iv) avoid consuming alcohol or caffeinated
foods, or any drugs that affect HRV were included in the study.
And the exclusion criteria after experiment were as follows:
(i) failure to complete the daily Bouchard (more details are
shown in study protocol); (ii) the percentage of valid data from
GT3X+ was <80%; (iii) the error percentage of BG2 data was
>25% according to the suggestion of manufacturer. A total of
55 physically active participants (28 men: age 22.9 & 2.7 years,
height 177.9 & 6.2 cm, weight 74.7 £ 9.8 kg, and BMI 23.5 £ 2.2
kg/m?; 27 women: age 22.2 + 2.5 years, height 164.1 + 5.7 cm,
weight 58.2 & 8.0 kg, and BMI 21.6 + 2.6 kg/m?) were finally
included in this study. The Experimental Ethics Committee
approved the study for Sports Science at Beijing Sport University
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(Registration number 2022056H). Participants were informed of
the procedures and purpose of the study.

Study protocol

In December 2021, 48-h PA monitoring has completed
for this study, winter (average air temperature: —4 to 5°C
and relative humidity: 18-33%). During free-living testing,
participants wore GT3X+ and BG2. Figure I shows how the
devices should be worn and a screenshot of the data. The
participants were required to wear the devices throughout
the day, except during bathing, swimming, and sleep. Devices
were modeled according to the manufacturer’s instructions
and configured for the individual’s age/date of birth, sex, and
name before testing. Moreover, participants need to finish the
Bouchard nightly with recall and auxiliary records.

Accelerometer (GT3X+) is a type of tri-axial ACC that
is commonly used by researchers (15). SD and PA may
be measured based on activity counts in an epoch with a
set of intensity thresholds, i.e., activity counts classified by
time intervals (epoch length) (9). Participants wore a GT3X+
(sampling rate 30 Hz) attached to an elastic waistband around
the side of the dominant hip (16). Subjects were monitored for
48 consecutive hours of PA data using a GT3X+, and the data
were initially collated and graded using its companion software,
Actilife 6.13. At first, Troiano Adult’s (2008) criteria were
chosen as the basis for classifying PA, where 0-99 counts/min
is considered SD, 100 to 2,019 counts/min is LPA, and >2,020
counts/min is MVPA, using this criterion to calculate SD time,
LPA time, MVPA time and the proportion of each component, as
shown in Table 1. Second, Freemason VM3 Combination (2011)
formula is chosen to set the PA energy (PAEE).

Combined HRV/ACC sensors (BG2) could monitor beat-
to-beat heart rate that targeted for long-term monitoring of HRV
and PA (17). It is attached to the body through two electrodes
placed under the right clavicle and on the left lower lateral
area of the ribcage. Following the recording, registered data are
transferred to a computer and analyzed using dedicated software
(Firstbeat Sports; v4.5.0.2.) (18).

The subjects wore a BG2 to monitor their PA for 48 h. The
data were initially collated and graded using Firstbeat SPORTS
software and analyzed and calculated according to the following
criteria to obtain indicators such as time in PA at different
intensities and TEE calculated by HRmax and activity level
(0-10). Different intensity zones are divided as follows: 30-
49% light intensity; 50-69% moderate intensity; and >70% high
intensity to vigorous intensity (19).

Physical activity diary (Bouchard) used in this study and
it is one of the most commonly used diaries and involves
recording. Bouchard consisting of 96 15-min blocks per day
(24 h) during two consecutive days (48 h) (20). Participants were
asked to record the main activity in each 15-min block and
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rate the action on a scale of intensity (1-9, 1 being the lowest
and 9 the highest intensity). Each numeric activity code refers
to a specific energy cost and converted to a metabolic ratio of
expended energy (MET). Total diary EE was calculated as the
amount of time in each period multiplied by the correspondent
MET and the estimated basal metabolic ratio (BMR). BMR was
calculated using the prediction formulas by sex, age, weight,
and height. The formula is EE (kcal) for a particular type of
PA = EE standard for that type of activity [kcal/(kg—15min)]
x total period (number of sessions) for that type of activity;
TEE (kcal /d) = ) 2 days of EE for every kind of PA/2.
The participants complete the Bouchard every night before
going to sleep. Classification of exercise intensity intervals based
on Bouchard that Categorical values 1, 2 are considered SD;
Categorical values 3, 4 are considered LPA; and Categorical
values 5-9 are considered MVPA.

Quality control: The enumerators in this study were trained
in a uniform and rigorous manner, and double-entry was used.
All the types of electronic equipment were purchased from
the same batch. Questionnaires and diaries were checked for
omissions at the time of collection, and if any were completed
on the spot. Subjects were asked to check their equipment while
wearing the sensor, and record their activity every hour in the
group via instant messaging to improve the accuracy of the
recording to some extent.

Data processing and analysis

The TEE was automatically exported in BG2, and TEE was
calculated according to the formula in Bouchard. PAEE in BG2
and Bouchard were estimated by assuming a fixed percentage for
the thermic effect of food (10% of TEE) and a standard resting
EE (REE) of 25 kcal/kg/day [PAEE = (TEE x 0.9) - REE] (21).
PAEE was automatically exported in GT3X+. Yet, the TEE in
GT3X+ was also calculated by the same prediction equations.

Statistical analysis

Data were tested for normality using mean + SD for
descriptive analysis. The correlations between three methods
by the Pearson correlation coefficient were classified as having
no relationship Strength of the correlation was interpreted
as 0.0-0.1 trivial; 0.1-0.3 small; 0.3-0.5 moderate; 0.5-0.7
large; 0.7-0.9 very large and 0.9-1.0 nearly perfect (22). The
differences between the three methods by using paired t-test.
Cohen’s d was used as effect size statistics for the paired
t-test and was calculated and interpreted according to the
following thresholds: 0.2 trivial; 0.6 small; 1.2 moderate; 2.0
large; 4.0 very large; and >4.0 extremely large (22). The
agreement between three methods by Kendall’s tau-b and ICC.
Kendall’s tau-b were classified as 0.10-0.19 weak; 0.20-0.29
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FIGURE 1

(A) Photographs of participants wearing BG2 and GT3X+ during free-living. (B) Screenshot of the software program used to acquire PA
parameters for BG2. (C) Screenshot of the software program used to acquire PA parameters for from GT3X+.

TABLE 1 Correlation and agreement of PA parameters in BG2 and Bouchard compared with GT3X+.

Pearson (r)

Kendall’s tau-b (7) ICC (95%CI)

SD (min/d) Bouchard vs. GT3X+ 0.48
BG2 vs. GT3X+ 0.49
LPA (min/d) Bouchard vs. GT3X+ —0.02
BG2 vs. GT3X+ 0.53
MVPA (min/d) Bouchard vs. GT3X+ 0.40
BG2 vs. GT3X+ 0.55
TEE (kcal/d) Bouchard vs. GT3X+ 0.90
BG2 vs. GT3X+ 0.84
PAEE (kcal/d) Bouchard vs. GT3X+ 0.79
BG2 vs. GT3X+ 0.52

0.29** 0.33 (0.08 to 0.54)
0.34** 0.08 (—0.06 to 0.26)
0.06 —0.01 (—0.28 to 0.25)
0.37** 0.06 (—0.05 to 0.21)
0.22* 0.16 (—0.07 to 0.39)
0.29** 0.48 (0.25 to 0.66)
0.71** 0.87 (0.74 to 0.93)
0.64** 0.83 (0.73 to 0.90)
0.50** 0.71 (0.48 to 0.84)
0.34** 0.55(0.34t0 0.71)

P-values in Kendall’s tau-b indicates statistical significance (P < 0.05 and P < 0.01).

moderate; 0.30 or above strong. The ICC is a value between
0 and 1, where values below 0.5 indicate poor reliability,
between 0.5 and 0.75 moderate reliability, between 0.75 and
0.9 good reliability, and any value above 0.9 indicates excellent
reliability (23).

The statistical analysis was performed using IBM SPSS
Statistics 26.0. The significance level is defined as P < 0.05.
The Bland-Altman plots using the Medcalc 19.6.4 compared the
consistency of the three methods were generated (24).

Results

The differences of time spent in different intensity
zones and EE during the free-living by three methods
were shown in Figure2. The correlation and agreement
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of PA parameters between Bouchard, GT3X+ and
BG2 were show in Tablel. The Bland-Altman plots
for time spent in different intensity zones and EE

during the free-living by three methods were shown in
Figure 3.

Differences of PA in free-living between
three methods

The BG2 and Bouchard were significantly lower than
GT3X+ in SD estimation (P < 0.01, ES > —0.34). BG2 was
significantly higher than GT3X+ in LPA (P < 0.01, ES =
—2.95), while Bouchard showed no significant difference in
this regard. For MVPA, Bouchard was significantly higher
than that measured by GT3X+ (P < 0.01, ES = 0.66), while
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FIGURE 2
The differences of SD, LPA, MVPA, TEE, and PAEE during the free-living by three methods. The thicker dashed line represents the median, and
the thinner dashed line represents the inter quartile range. Two-tailed paired t-test P-values indicate statistical significance (*P < 0.05 and
**P < 0.01).

BG2 has no significant difference with GT3X+. Similarly, BG2
showed no significant difference from GT3X+ in TEE and PAEE
estimation, whereas Bouchard was significantly higher than that
observed in GT3X+ (P < 0.01, ES > 0.24).

Correlation and agreement of PA in
free-living between three methods

For the time spent in different intensity zones, the
correlation of BG2 is higher than Bouchard in both LPA
and MVPA. BG2 has a moderate correlation compared with
the GT3X+ (r > 0.49), whereas Bouchard has a trivial
correlation (r —0.02) in LPA. Similarly, the agreement
of BG2 with GT3X+ (t 0.37, ICC = 0.06) is clearly
higher than Bouchard in LPA (r = 0.06, ICC = —0.01). A
similar pattern was observed in MVPA that BG2 (r = 0.55,
7 = 0.29, ICC = 0.48) showed relatively better correlation,
agreement and ICC values than Bouchard (r = 0.40, T = 0.22,
ICC = 0.16).
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Discussion

This study is the first to examine the accuracy of the
BG2 and Bouchard for estimating PA in healthy adults during
free-living. The current results indicate that estimating time
spent in different intensity zones estimated by BG2 was quite
reproducible and valid in a large sample of the healthy
adults, especially for MVPA. Therefore, it is of good reference
value to compare the accuracy of BG2 based on the PA
monitoring results.

The results showed that BG2 is capable of accurately
monitoring and accumulating time spent in different intensity
zones during free-living. The estimation of PA monitoring
by BG2 is accurate compared with GT3X+, which proves its
appropriateness for research in a real free-living environment.
Compared with GT3X+, BG2 estimated lower level of SD and
higher level of LPA, whereas MVPA were comparable. Such
results may be due to the fact that BG2 is more sensitive to
LPA activity in terms of wearing location. In specific, GT3X+
is worn on the hip, the acceleration detected by the device is
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mainly from the movements of lower quadrant, whereas BG2
is worn on chest, where more slight upper body movement
(i.e., sweeping, mopping, washing clothes, upper body resistance
training) might be included in LPA (25). So, the magnitude
of the measurement bias also varied depending on the PA
types (26, 27). In addition, BG2 integrates the HRV data
with individual calibrations of HRV responses to free-living
physical activities so as to eliminate individual differences in
EE caused by physiological differences of participants such as
aerobic fitness (28). The difference shown in BG2 measurements
may also be caused by HRV correction of ACC counts. The
SD time was difficult to be distinguished from LPA when
the participants were standing or engaging in some very light
activity with GT3X+. In contrast, BG2 can accurately classify
SD and LPA time based on the HRV, thus potentially correcting
the less accurate estimation of GT3X+4-. Similarly, the slight
measurement difference in MVPA by BG2 may also be related
to the correction effect of HRV. As for the comparison of
GT3X+ with BG2 in time spent in different intensity zones, the
systematic bias between relationships is a negative correlation.
That means the lower intensity, the more significant difference
between BG2 and GT3X+ measurements, which indicates that
BG2 seems to be better corrected when measuring the lower
intensity activities.

The results of Bouchard compared with GT3X+ are lower
estimated in SD and higher estimated in MVPA, similar to
other research. Previous studies have shown that questionnaire-
based monitoring tools that the duration and intensity of MVPA
recorded by subjects may be higher than objective measures
of PA, such as doubly labeled water (DLW) (29, 30). This
may be due to differences in understanding and seriousness
of the questionnaire among participants. In particular, it was
participants’ comprehension of different walk speeds in levels
4 and 5 that directly led to the increases in TEE and PAEE.
Bouchard is a recall questionnaire in which subjects may make
subjective errors when reflecting the intensity and duration of
their PA. In addition, as Bouchard uses a fixed interval of 15 min,
the total amount of time the subject fills out may differ from the
amount of time spent engaging in PA.

In this study, the estimation of Bouchard is the highest in
TEE and PAEE, while GT3X+ and BG2 showed no significant
difference. Such finding was concordant with previous studies
that analyzed the consistency between self-reported levels of
PA (similar to Bouchard) and single ACC (21, 31). However,
previous studies (32-34) showed high-percentage error and
wide limits of agreement in EE estimation using Actigraph
when compared with the golden standard tests, while only a
few studies showed good validity in predicting EE in controlled
treadmill activities or using light intensity stepping exercise
(35, 36). Therefore, it remains inconclusive to determine which
method was better due to the lack of the gold standard method
of EE estimation in the study. It only might be inferred that EE
estimated by BG2 is closer to GT3X+-.
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The BG2 appears to monitor PA under free-living accurately.
Despite this, there are still a few limitations: (i) the differences
between races are not accounted for in the existing algorithms;
(ii) poor contact can cause noise or signal loss, especially during
moderate-to-high intensity PA. We also need to handle the
poor signal contact of BG2 between the electrode pads and
the skin in use; (iii) it was requested that participants remove
the equipment while showering and swimming, which might
affect measurement results; (iv) BG2 is also susceptible to
interference from static electricity in free-living or other metal-
based appliances. There also needs to be machine learning or
video recognition to verify the activity monitoring using BG2
and the assessment of EE estimate of BG2 using calorimetry in
further studies.

In conclusion, by comparing the three methods for the
estimation of different PA intensities and EE, BG2 showed
comparable results with GT3X+ in both EE and MPVA, and
therefore, researchers may use BG2 in future studies for relevant
areas. However, there were large discrepancies between SD and
LPA prediction. With the potential limitations and drawbacks
of using the accelerometer in PA quantification reported by
previous studies, it is speculated that a more accurate SD and
LPA measurement would be guaranteed when HRV data were
combined in BG2. On the other hand, although EE estimation
between the three methods was very similar, it only provided an
approximate estimation instead of high-precision measurement.
Future studies using different populations and the comparison
with the gold standard EE test are needed.
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Introduction: Physical fitness is an essential part of a healthy lifestyle that concerns
the overall health of the nation. Research on the relationship between the Internet
and physical fitness has long been caught in the dilemma of “media mobilization”
and "media suppression,” and previous studies have rarely examined the causal
relationship and functional mechanism.

Methods: This study selected the data of 23,989 samples successfully followed in all
three surveys of the China Family Panel Survey (CFPS) from 2014 to 2018 to explore
the correlation and causal inference between the Internet and physical fitness by using
the Time Fixed Effects Model and cross-lagged models, respectively; meanwhile, the
data of 24,687 samples in CFPS 2020 to examine the functional mechanism of the
Internet’s effect on residents’ physical fitness behavior by the KHB method.

Results: We obtained three valuable conclusions as follows: First, there is a significant
correlation between the Internet and physical fitness behavior. Second, the Internet
use is the cause for the increase in fitness frequency, and there is a rival relationship
between Internet duration and fithess time. Third, under regular prevention and
control of the COVID-19 epidemic, social capital and health risk perceptions are the
functional mechanisms of the Internet influencing fitness behavior, and the mediating
effect of psychological health risk perceptions is higher than that of social capital.

Discussion: It's necessary to create an intelligent, informative, and digital sports public
service system by enriching and optimizing sports media and facilitating the Internet
to serve residents’ physical fitness better. The new concept of “Internet plus Fitness”
will be of great significance in the implementation of the "Healthy China Initiative.”

Internet, health, physical fitness, causal effect, mediation effect

Introduction

Since the outbreak of COVID-19, due to physical isolation, vaccination, and other control
measures, China has accomplished a remarkable achievement in the fight against the epidemic
which has maximally protected the lives and health of the residents. However, the continuous
mutation of the virus has caused the outbreak to repeatedly rise in the country. The negative
impact of isolation on physical and mental health is increasingly prominent, despite the fact
that it remains a important way of blocking the spread of the epidemic. Given this context,
promoting active physical fitness by establishing the concept of “everyone is the first responsible
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for his or her own health” (1) should be one of the major contents of
the regular prevention and control of the epidemic.

Among the current studies, the factors influencing residents’
physical fitness behavior include macro social environment factors
such as sports policy and system, public sports funding, service
system, and public space supply (2-4), as well as micro-social
hierarchy factors such as income, education and occupational status
(5, 6), and also individual factors such as perceptions, attitudes and
behavioral motivations toward physical fitness (7).

The Internet has played an essential role in residents’ fitness
behavior during the home quarantine of the epidemic. On one
hand, while physical isolation has to some extent weakened the
social environment and hierarchical advantages of sports, it has
strengthened the impact of the Internet on residents’ physical fitness
behavior (8-10). On the other hand, Physical fitness strategies
promoted by the Internet are undoubtedly the most effective way to
address health risks and defend against crises (11). According to a
survey among 21,118 residents conducted by the Zhejiang Provincial
Sports Bureau on the status of physical fitness during the epidemic,
81.54% participated in physical exercise, which is a 10.23% increase
from before the epidemic. 40.48% of residents engaged in home
fitness 3 times a week, and 70.03% of them exercised for more than
15 min. Most residents reckoned that physical exercise contributes a
lot to enhancing immune ability, promoting confidence in defending
epidemics, and conquering psychological fears (12). With the regular
prevention and control of the epidemic, what will be the relationship
between Internet and residents’ physical fitness behavior? Will the
online medium play a sustainable role in elevating the physical fitness
level of the population? The answer is of great practical importance
in regular prevention and control of the epidemic and the protection
of the physical and psychological health of the residents.

Previous studies focusing on the relationship between the
Internet and residents’ physical fitness behaviors have achieved
some results, but have also been challenged. Firstly, research on
the influence of Internet on physical fitness or sports participation
has developed into two opposing theoretical perspectives which are
“media mobilization” (13-15) and “media suppression” (16-18).
Scholars holding the “media mobilization” argue that the Internet
has shaped the social environment of sports, extended the ways of
sports participation (19-21), consolidated and broadened the ways
of accumulating sports social capital (22, 23), and thus influenced
the residents” perceptions, attitudes and behaviors toward the value
of physical fitness. Researchers holding the “media suppression”
promote that the increase in time spent on the Internet comes at the
cost of less time spent on physical fitness (14). The residents” physical
fitness behavior is influenced by various factors such as age, gender,
education level, urban and rural areas, and social class. The regression
estimation method of traditional cross-sectional data pays inadequate
attention to the endogeneity issue, resulting in ambiguous causal
relationship between the Internet and physical fitness behaviors, and
it is questionable to discuss the relationship between Internet and
residents’ fitness behaviors only by using “media mobilization” and
“media suppression.” Secondly, as most studies have been conducted
only to assess the positive or negative effects of the Internet on
physical fitness, the relationship between the two has long been
discussed only in terms of “mobilization” and “suppression,” with
less research on the more profound mechanisms. Since the outbreak
of COVID-19 epidemic, several studies have theoretically examined
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the role of social risk (11), social anxiety (24), and social interaction
(10) in the process of the Internet influencing the physical fitness
behavior of the residents, but these studies have not sufficiently tested
the theory.

With the regular prevention and control of the epidemic, physical
fitness is still an essential method in protecting the physical and
psychological health of the residents. To examine the functional
mechanism and relationship of the Internet in affecting the residents
is of great theoretical value and practical meaning. Therefore, this
study concentrates on residents’ physical fitness behavior and utilizes
the micro-panel data of China Family Panel Studies (CFPS) in
2014, 2016, 2018, and 2020 to analyze the influence and functional
mechanisms of the Internet. The purpose of this study was to: (1)
examine whether there exists a relationship between the Internet and
residents’ behaviors of physical fitness; (2) explore what the specific
relationship is; (3) find the functional mechanism through which the
Internet influence residents’ physical fitness behavior.

Literature review

Social compensation and time displacement

Currently, the results of empirical studies on the impact of the
Internet on the residents’ physical fitness behaviors vary significantly.
Some studies concluded that the overall effect of the Internet
on physical fitness is positive (13, 16); while others indicated
the opposite (25), and some studies suggested that there was
no significant relationship between the two (18). Theoretically
speaking, the influence of the Internet on residents’ physical fitness
has effects of both social compensation and time displacement.
Scholars holding the view of social compensation argue that,
as a critical way to obtain information resources in modern
society, the Internet has more dominance in shaping the sports
environment, acquiring sports knowledge, skills, spectating and other
resources, which to a certain extent compensates for the dilemma
of insufficient sports resources possessed by the underprivileged
and assists in improving residents’ sports and fitness awareness,
concepts and behaviors (26). Media effects theory promotes that
the media sports integrated by the Internet and sports has both
social and individual communication effects: at the social level,
sports media can generate the effects of sports environment
cognition, sports fitness value formation and maintenance, and
sports social behavior demonstration; at the individual level,
sports media can cause changes in residents’ sports cognition,
sports attitudes, and sports behaviors, and this effect continuously
accumulates, deepens and expands. However, the theory also
reveals that there exists no direct relationship among individual
cognition, attitude and behavior (27). In other words, the Internet
medium can change residents’ perceptions and attitudes toward
physical fitness, without necessarily affecting their fitness behaviors.
Consequently, media effects theory can account for the rapid
development of sports media and the widespread use of smart
sports devices in China without changing the physical fitness
behavior of the residents, especially the youth group. Internet
may be a positive, but not decisive, factor influencing residents’
fitness behavior.
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As an effective way of social interaction, the Internet is an
alternative form of social capital acquisition (28, 29), indirectly
influencing residents’ physical fitness behavior. Social capital theory
suggests that resources embedded in interpersonal social relationship
networks play an important role in the achievement of individual
behavioral goals, and that interpersonal interactions in real society
are the principal way to obtain social capital, while online social
networking, although different from the real social interactions, can
also establish interpersonal relationships and may even obtain more
superior and extensive social capital accumulation (30). As many
types of research reveals, social capital accumulated from interactions
in real society has a positive effect on residents’ physical fitness
behaviors (31, 32). However, with the continuous development of
Internet information technology, depending on Internet social media
to obtain social capital is gradually becoming a principal way to
promote residents’ physical fitness levels. Bian and Lei concluded
that online socialization expands the characteristic heterogeneity,
hierarchical breadth, and status of social interaction groups, thus
contributing to the consolidation and expansion of both in-group
and out-group social capital (33). They proposed the concept of
online epidemic prevention social capital and verified the capital
acquired by residents through the Internet medium during the
epidemic had a significant positive effect on residents’ physical
fitness (34). Based on big data from 7 countries worldwide, Lu
used methods of computational sociology to further empirically
confirm the effectiveness of online social networking in enhancing
the online fitness behavior of the residents, which has a positive
effect on epidemic prevention and the health of the residents (10).
In addition, in a study based on data from the 2012 China General
Social Survey, Wang suggested that online media can not only
expand the network size of social relationships, but also provide
individuals with more social support and emotional comfort, which
in turn is conducive to cultivating residents’ physical exercise
habits (35). Therefore, residents’ behavior of Internet use may have
exceeded the single function of searching for sports and fitness
information and transferring resources, and become a critical tool
for acquiring social capital, thus indirectly influencing residents’
sports participation.

Scholars who support the time displacement effect claim that
time spent on Internet crowds out time for physical fitness with
negative effects on residents’ fitness behavior. The time displacement
effect hypothesis states that the total amount of disposable time
is limited and there is a zero-sum relationship between the time
occupied by various behaviors (36). On this basis, Robinson propose
the functional equivalence hypothesis, which suggests that media
with the same function or providing the same satisfaction are most
likely to be displaced by new media (37). With the universalization
and development of Internet technology, network media have a
significant time displacement effect on mass media such as TV,
radio, newspapers and books (38, 39), but the effect on individual
behavior is associated with the type of daily activities (37). Some
studies suggested that the Internet medium has a time displacement
effect on children and adolescents’ physical fitness behavior (40, 41).
Whats more, the effect of time displacement was also examined
in research of the relationship between network media and social
capital (42, 43). For instance, Putnam suggested that in1970%,
hidden behind the phenomenon of “bowling alone” in the US is the
fact that digital media have occupied people’s public living space,
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resulting in less time for human interaction and social capital loss
(44). However, it is still uncertain whether the time displacement
effect of the Internet weakens the impact of social capital on
physical fitness.

Above all, the Internet has a dual effect on residents’ physical
fitness behavior. In terms of the time displacement effect, there
may be a time competition relationship between Internet and
physical fitness, i.e., the increase in the duration of Internet use
will crowd out the time of physical fitness. However, in regard
to the social compensation effect, the Internet has a positive
impact on residents’ physical fitness behavior, in other words,
the social compensation effect of the Internet media is reflected
as a tool both for transferring sports information resources and
obtaining social capital. Existing studies still have some limitations:
firstly, studies mainly use cross-sectional data, which makes it
difficult to examine the causal relationship between the Internet
and physical fitness behavior; secondly, previous studies have
focused on only one dimension of physical fitness frequency,
time, and effectiveness, and rare studies have examined the effect
of the Internet from multiple dimensions simultaneously; thirdly,
different from the previous circumstances, the social interactions
of Chinese residents are subject to the development of the
epidemic under the regular prevention and control, and the existing
studies have not examined and responded to the effects of social
capital mechanisms. In addition, another significant reason for
the influence of the Internet on physical fitness behavior is the
transformation of residents’ health anxiety and perceptions during
the epidemic.

Health risk perception

With the progress of industrialization and urbanization in
China, the characteristics of a “risk society” are emerging, and
various “social risks” such as environmental pollution, food
safety, and infectious diseases are reinforced by the Internet
increasing the perceived health risks of the residents (45). In
exploring the relationship between media use and individual
behavior from the perspective of risk communication, scholars
have proposed theories like “social amplification of risk” (46),
“protection motivation theory” (47), and “media credibility” (48).
However, the basic analytical framework of these theories is
based on the logic of “information-perception-behavior.” Thus,
“perception” is an essential link between “information” and
“behavior,” in other words, health perception may be another
pathway through which the Internet influence residents’ physical
fitness behavior.

To begin with, there is either a weakening or strengthening
relationship between the Internet and health perceptions. According
to studies on the weakening relationship, in contrast to traditional
societies, people’s perception of modern society is mainly obtained
by the media, and the social amplification effect of the media on
risk increases the level of social risk perception (49), and also
the level of health risk perception (50). At the beginning of the
outbreak, physical isolation allowed the Internet media to become
an effective way for residents to follow the development of the
epidemic, but the public and even experts had little knowledge and
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measures to effectively prevent and control the virus. The negative
information that was amplified during the dissemination of the
Internet media caused excessive public panic and health concerns,
and the negative emotions of anxiety significantly increased the
level of risk perception of residents’ physical and mental health
status, and even resulted in irrational crowds behaviors such as
the “crazy purchasing of food and vegetables” and the “rush for
Shuanghuanglian and Banlangen.” Despite the fact that official media
propaganda on epidemic prevention and control knowledge and
measures has reduced the risk of social amplification effect of the
Internet (48). However, once the new epidemic rebounded in a
certain area, the social amplification effect of online media would
again be prominent and influence the level of risk perception
and health behavior of the residents. Research on strengthening
relationships argues that Internet will facilitate residents’ health
perceptions. Compared to the social amplification theory of risk
from the communicators perspective, the “use and satisfaction”
theory considers the exposure or use of media from the audience’s
position as a deliberate action based on one’s own needs to meet
specific individual needs (51). In a study on health perceptions of
the elderly, He and Yuan found that the use of Internet media
can satisfy the need for emotional communication and thus have a
significant positive impact on the physical and psychological health
perceptions of the elderly (52). Wang identified that the use of
online media can reduce stress and tension from daily issues, help
individuals access more health information and medical resources,
and thus improve their perception of health (35). Despite the fact
that some studies have questioned this view (53), it is undeniable
that media socialization was an effective complement to daily social
activities during the epidemic, which contributed to a decrease in
loneliness and emotional enrichment among the elderly population
(54, 55).

Moreover, the impact of health risk perception on physical
fitness has also been focused on and discussed by scholars. The
behavioral theory holds that health perceptions, attitudes, motivation,
self-efficacy, and self-identity are all major factors influencing
physical activity and can predict, to varying degrees, individual
physical fitness levels (56). The Health Belief Model proposes that
individuals have the confidence and ability to change undesirable
behaviors when they are in fear of the current malpractice and
are convinced that they will derive more benefit (56). With the
arrival of the “risk society” and the fast-paced lifestyle, people are
increasingly aware of the importance and urgency of health, and
the perception of health status has become an crucial subjective
factor influencing individual sports participation in the “post-
epidemic” era (11, 57). Huang et al. theoretically explores the logic
between the social mindsets triggered by Internet media during
the epidemic, such as public panic and anxiety, and the action
of physical fitness, suggesting that the health concerns of the
public and the introspection of their own behavior are rational
expressions of the social action of physical fitness to resolve
social anxiety (24). It is suggested that health risk perceptions
significantly promote physical activity among adolescents (58) and
play an important mediating role in the relationship between self-
efficacy and physical activity (59). Based on the above analysis,
this study consider that the health risk perception may be another
important mechanism through which the Internet influence physical
fitness behavior.
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Materials and methods

Data sources

The research data in this paper comes from the China Family
Panel Studies (CFPS) database, conducted by Institute of Social
Science Survey, Peking University and the survey was conducted
every 2 years since 2010. In the four surveys from 2014 to 2020,
CFPS collected data from three levels, individual, household, and
community, among which the data of respondents’ physical fitness,
Internet use, social participation, health status evaluation, and
demographic characteristics provided precious information for this
study to explore the causal analysis and mechanism of Internet
use and physical fitness. Unfortunately, only individual-level data
of CFPS2020 are available, which cannot be effectively matched
with household-level data in other surveys, and the questionnaires
on Internet use and physical fitness behavior are designed with a
different format from other surveys. Hence, in order to reduce the
measurement error and ensure the authenticity and reliability of the
results, this study selected the data of 23,989 samples successfully
followed in all three surveys of CFPS from 2014 to 2018 to explore
the causal effect of the relationship between the Internet and
physical fitness; meanwhile, the data of 24,687 samples in CFPS
2020 to examine the mechanism of the Internet’s effect on residents’
physical fitness behavior. The characteristic of the selected data is
consistent with the assumptions of cross lagged models, which are
contemporaneity, smoothness, and period effects. First, the CFPS
data used in this paper contain data for three periods, 2014, 2016,
and 2018. Second, each variable is measured at the same scale and
occurs within the same period. Cross lagged models are an important
method of causal inference and are widely used in panel data analysis.
Michael W. Kearney describes the principles for this method of causal
inference in detail in his article Cross Lagged Panel Analysis.

Variable selection

Dependent variable

The current academic measurement of physical fitness includes
three main dimensions: frequency, time, and effectiveness, and
the selected dependent variables are the frequency, duration, and
effectiveness of residents’ physical fitness. The question in the
questionnaire of CFPS2014, 2016, and 2018 is “How many times have
you participated in physical fitness in the past week?” and “How
long did you participate in physical activity in total?”; the range of
answers for the frequency of fitness is 0 to 21 times/week, and the
range of answers for the time of fitness is 0.1 to 105 h/week. However,
there were no results on fitness effectiveness in the survey. The CFPS
2020 survey inquired about the frequency, time, and effectiveness
of physical fitness in the past year. The answer to the question of
frequency is “(1) <1 time per month on average,” “(2) More than 1
time per month on average, but <1 time per week,” “(3) 1-2 times
(5) times
(6) 1 time per day on average,’

» «

per week on average,

» «

(4) times per week on average;
per week and above on average,” “
“(7) Twice a day and above on average,” and “(8) Never participate.”
This study re-codes and re-assigns the above answers, options 1 and
8 are assigned as 0 “Never participate;,” options 2 and 3 are assigned

as 1 “Low,” options 4 and 5 are assigned as 2 “Middle,” and options
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6 and 7 are assigned as 3 “High.” The duration of physical fitness
ranges from 1 to 300 min per day. The answer of effectiveness is
“breathing and heart rate do not change much,” “increased breathing,
heart rate, slight sweating,” and “Shortness of breath, significantly
faster heartbeat, more sweating,” which are coded and assigned as (1)
“average,” (2) “good,” and (3) “excellent;” respectively.

Independent variable

The independent variable of this study is whether to use the
Internet, including mobile Internet access and computer Internet
access. A respondent is considered to be using the Internet medium
if he or she uses any of the methods to access the Internet and
is assigned as 1. If not, assigned as 0. The independent variable is
defined as “Internet use.” Meanwhile, CFPS 2014-2018 investigated
residents’ average time spent online per week, while CFPS 2020
surveyed residents’ time spent online per day. Therefore, this study
standardizes the unit of Internet access time as “hours per week” and
takes its logarithmic value, which is defined as Internet duration.

Mediator variable

The selected mediator variables are social capital and health
risk perception, as is showed in Table 1. Participation in social
organizations is an important indicator of an individual’s social
capital, which is measured by the question “which of the following
organizations do you currently participate in?”. A total of 5 social
organizations were selected, and respondents will be assigned as 1 if
they were a member of any of these organizations, and 0 if they were
not. This study refers to Sherbourne’s measure of assessing health
risk perception and selects the question “Do you think your health
is excellent, very good, good, not bad, or poor” (60). Also, eight
questions from the Center for Epidemiological Studies-Depression
(CES-D) scale are selected and summed to measure the perception
of psychological health risk. The higher the two variables indicate a
higher level of health risk perception. It should be clarified that the
CFPS 2014 does not include the CES-D depression scale.

Controlled variables

Referring to the previous literature, this study selects control
variables including age, gender, marital status, years of education,
household income per capita, urban-rural residence, and BMI,
among which the per capita household income is logarithmically
processed. The results of the coding value and descriptive statistics
of each variable are shown in Table 1.

Model selection

Table 1 shows the changing trends in Internet use, time spent and
physical fitness behavior of Chinese residents. Compared with 2014,
the percentage of Internet use among residents in 2020 has increased
by 18.27% and the average weekly usage time has risen over 50%. The
frequency and time of physical fitness among residents also show an
upward trend from 2014 to 2018, but the proportion of residents who
do not participate in physical fitness is close to 66% in 2020, and
<15.6% insist on daily fitness. There also exists slight fluctuations
in the social capital and health perceptions possessed by residents
around the time after the outbreak of the COVID-19 epidemic, but
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the overall trend is on the rise. In addition, it is noteworthy that
variables that shift over time are not entirely individual and may
be influenced by changes over time in sample size or other factors.
Under such circumstances, conventional mixed regression models
may not accurately estimate the relationship between Internet and
physical fitness behavior, resulting in incorrect research findings.
Therefore, this study firstly applies the Time Fixed Effects Model to
address the problem of omitted variables that vary with individuals
and control for the effect of confounding structural variables that vary
with year. Then, this study utilizes the Cross Lagged Panel Model to
examine the causal relationship between the Internet and physical
fitness behavior by maximum likelihood estimation method. Finally,
this study verifies the mediating role of social capital and health
perceptions in the relationship between the Internet and physical
fitness behavior through the KHB model.

Results

Time fixed effects model

To examine the effects and duration of Internet use on the
frequency and time of physical fitness residents, respectively, six
models were constructed and the effects of time-varying factors and
confounding bias caused by individual factors were controlled for by
incorporating time dummy variables and relevant individual factors
for the survey years, and the regression results are shown in Table 2.
In terms of fitness frequency, the results of model 1 indicate that
Internet use can positively influence fitness frequency compared with
residents who do not use the Internet; the results of models 2 and
3 show that there is no linear but non-linear relationship between
the Internet duration and fitness frequency, and fitness frequency
presents a trend of first decreasing and then increasing with the
rise in using duration. This suggests that Internet use has a social
compensation effect on residents’ physical fitness behavior. In regard
to fitness time, the results of model 4 demonstrate that Internet use
does not significantly increase fitness time compared to residents
without using the Internet; however, the results of model 5 show
that Internet use duration has a significant positive correlation with
fitness time, yet a non-linear relationship between the two is not
found in model 6, suggesting that the time displacement effect of
Internet use on residents’ physical fitness behavior is not verified.
The above results reveal the relationship between residents’ Internet
use and physical fitness behavior and the differences in their effects.
However, the relationship may be influenced by unobserved omitted
variables, such as spatial differences in Internet penetration in China
(60, 61), and thus no accurate judgment can be made about the
causal relationship.

Cross lagged panel model

This study employs a cross lagged panel model to further
estimates the causal relationship between Internet use and physical
fitness behavior. The model is currently an important method widely
used to explore causality. Based on panel data of two or more periods,
it estimates the cross-period effects of variables on the basis of
the predicted contemporaneous correlations between variables and
self-correlation of variables (i.e., controlling for contemporaneous
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TABLE 1 Descriptive statistical results of variables.

10.3389/fpubh.2022.1111987

Categories Variable 2014 2016 2018 2020
(N =22,471) (N = 22,540) (N =21,707) (N =23,872)
Dependent variable Frequency 1.85 (2.93) 2.18 (3.08) 2.68 (3.29)
Never participate = 0 63.64
Low=1 15.03
Middle =2 7.45
High =3 156
Time 1.58 (0.98) 1.67 (0.98) 1.70 (0.98) 3.86 (0.65)
Effectiveness
Average = 1 20.21
good=2 48.89
Excellent = 3 30.9
Independent variable Internet use
Not use =0 71.34 61.66 52.31 34.01
Use=1 28.66 38.34 47.69 65.99
Internet duration 2.03(0.99) 2.09 (1.07) 2.16 (1.07) 4.81(1.33)
Mediator variable Social capital (participate in organization = 1) 14.99 26.99 22.16 26.28
Physical Health risk perception (1-4) 2.98 (1.25) 3.11(1.23) 3.13(1.24) 2.81 (1.20)
Psychological health risk perception (8-32) — 13.20 (3.91) 13.56 (4.05) 13.44 (4.03)
Controlled variables Age (9-100) 46.29 (16.38) 48.39 (16.32) 50.30 (16.38) 42.51 (18.29)
Gender (male = 1) 49.4 49.41 49.37 50.42
Marital status (married = 1) 80.82 81.47 76.11 70.54
Years of education (0-24) 7.28 (4.69) 7.35 (4.80) 7.52 (4.91) 8.61 (4.58)
Household income per capita 9.04 (1.18) 9.39 (0.99) 9.56 (1.20) —
Urban =1 44.46 45.84 48.11 49.82
BMI (1-4) 2.28 (0.71) 2.32(0.72) 2.36 (0.72) 2.31(0.78)

effects and time-period variance), in other words, it determines the
causal effects between the independent variables by estimating the
significance of the effect parameter B1 of the dependent variable in
the previous period on the dependent variable in the latter period
and the effect parameter B2 of the dependent variable in the previous
period on the independent variable in the latter period (62). The
assumptions of the model include: each measured variable occurs
at the same time period; the relationship between variables remains
consistent over time (especially for three and more periods), and the
length of the period should not be set too long or too short, etc.
According to the assumptions of the model, the variables of “Internet
use,”
the same measurement scale in the survey data of 2014, 2016, and

Internet duration” and fitness “frequency” and “time” with

2018 were selected for this study, and other characteristic variables
that could cause confounding bias within the same period were
controlled. After accepting the autocorrelation of inter- and intra-
group variables across time, the estimated results of the causal
relationship between residents’ Internet use and physical fitness
behavior are shown in the Figures 1, 2.

The analysis results of Internet use and fitness frequency are
presented in Figure 1. At first, both Internet use and fitness frequency
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show significant autocorrelations, with stronger positive correlations
between Internet use than fitness frequency in the two consecutive
periods. Secondly, the results of the model analysis constructed with
three temporal points of Internet use and fitness frequency reveal that
the first and second measure of Internet use significantly predict the
second and the third measure of fitness frequency (Bi—; = 0.221,
p < 0.001; Bi—2 = 0.201, p < 0.001). While the first measure of
fitness frequency does not significantly predict the second measure of
Internet use (B—; = —0.001, p > 0.1), and the impact of the second
measure of fitness frequency on the third measure of Internet use was
only negative significant at the 0.1 level (B—» = —0.002, p < 0.1).
This is consistent with the results of the previous analysis, thereby
further suggesting that Internet use is responsible for the increase in
the frequency of fitness among residents.

The results of the analysis of Internet duration and fitness time
are illustrated in Figure 2. Similar to fitness frequency, fitness time
and Internet duration indicate a significant autocorrelation. In terms
of causal direction, the first measure of Internet duration negatively
predicts the second fitness time at a significant level of 0.1 (Bi—; =
—0.032, p < 0.1), while the second measure of Internet duration
has a non-significant effect on the third measure of fitness time
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TABLE 2 The influence of Internet on the frequency and time of residents’ physical fitness.

Variable Fitness frequency Fitness time
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Internet use 0.278"** 0.007
Internet duration —0.004 —0.098* 0.055"** 0.029
Internet duration squared 0.026* 0.008
Social capital 0.270%* 0.122%* 0.122%* 0.004 —0.03 —0.029
Physical health risk perception —0.058"** —0.045* —0.045* —0.016* 0.009 0.009
Psychological Health risk 0.001 —0.022"* —0.022"** —0.006™* —0.008* —0.008"
perception
Age —0.048 —0.125"* —0.124** 0.019 0.029 0.03
Age squared 0.001*** 0.003*** 0.003*** 0 0 0
Gender (male = 1) —0.069 —0.376 —0.367 —0.075 1.470%* 1.476*
Marital status (Married = 1) —0.160* —0.267** —0.264™* —0.089* —0.12 —0.117
Years of education —0.063"** —0.025 —0.026 —0.021* —0.027* —0.027*
Household income per capita —0.026 0.01 0.01 0.022** 0.026 0.026
Urban =1 0.093 0.091 0.093 0.031 0.049 0.049
BMI 0.037 —0.011 —0.013 0.019 —0.011 —0.012
2016 0.148* 0.411%* 0.406™** 0.145%* 0.126 0.125
2018 0.494** 0.586™** 0.579%** 0.162™* 0.106 0.103
Intercept 1.956 3.086* 3.112* 1.096 —0.379 —0.386
R2 0.033%* 0.100%** 0.110%* 0.048"* 0.018%* 0.018™**
N 66,708 25,443 25,443 27,934 12,746 12,746
Standard errors have been omitted for simplicity of presentation.
*p < 0.1, ™p < 0.05, "*p < 0.01.
0.732%** 0.688***
Internet ues,g4 Internet uesyg6 Internet ues, g
° 02215+ e 0.201%** e
Controlled variables,; 4
e -0.001 a -0.002* e
> 0.296*** : 0313%** :
Fitness frequency,g4 Fitness frequencyg4 Fitness frequencygs
FIGURE 1
The estimation of the cross lagged panel model of the internet use and physical fitness frequency.

(Bt—2 = 0.008, p > 0.1). However, the first and second measures
of fitness time significantly and negatively predict the second and
—0.107, p < 0.001;
Bi—2 = —0.133, p < 0.001), suggesting that the decrease in fitness

third measures of Internet duration (B—; =
time is responsible for the increase in Internet duration; in other

words, the increase in physical fitness time significantly reduces
Internet duration.
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The results of the cross lagged model verified the causal
relationship between Internet and physical fitness behavior, thus
further indicating the existence of social compensation and time
displacement effect of Internet on physical fitness behavior. Firstly,
there is a rivalry between fitness time and Internet duration, where
an increase in the former reduces the latter. Secondly, compared to
residents who do not use Internet, users’ social compensation effects

49

frontiersin.org



https://doi.org/10.3389/fpubh.2022.1111987
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Zhang et al.

10.3389/fpubh.2022.1111987

0.309***

0323***

Internet duration,; 4

Internet duration,;e Internet duration,; g

a -0.032%
e 0.107%**

Controlled variables,; 4

0.287*** 0.340%**

Fitness time, ;4

Fitness time, ;6 Fitness time, ;s

FIGURE 2

The estimation of the cross lagged panel model of the internet duration and physical fitness time.

have a positive impact on their physical fitness behavior. This study
will further analyze the mechanism of the social compensation effect
brought by the Internet on physical fitness behavior.

Functional mechanism of Internet use in
influencing residents’ physical fithess
behavior

Based on the previous theoretical discussion and the CFPS2020
cross-sectional data, this study verified the role of social capital and
health risk perceptions in influencing the physical fitness behavior
of residents through the Internet in the context of regular epidemic
prevention and control. Since fitness frequency and effectiveness are
ordered categorical variables in the CFPS2020, this paper first applied
Ologit estimation method to construct a multivariate nested model to
examine the relationship between Internet use, social capital, health
risk perception and physical fitness behavior, and then conducted a
mediating effect test by KHB analysis. The advantage of KHB analysis
is that it can be adopted in mediating effects analysis of nonlinear
logistic regression models to compare the estimated coefficients of
the same sample of nested models, so as to effectively estimate and
test the mediating effects (63).

Asindicated in Table 3, Internet use can also significantly increase
residents’ fitness frequency and effectiveness after controlling for
the same individual characteristic variables in the previous section.
Specifically, the frequency and effectiveness of fitness are 91.3 and
17.1% higher for residents who use the Internet than for non-users.
After adding social capital and health risk perceptions to models
1 and 5, respectively, the results of models 2 and 6 indicate that
social capital has a significant positive effect on the increase of fitness
frequency of residents, but not on the effectiveness. Models 3 and 7
suggest that the lower the perception of psychological health risks, the
higher the frequency of fitness; the higher the perception of physical
and psychological health risks, the better the fitness effectiveness is.
As can be seen from Models 4 and 8, when both social capital and
health risk perception variables are included, residents with higher
social capital and psychological health risk perceptions have higher
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fitness frequency. Higher the physical and psychological health risk
perceptions result in better fitness, but social capital has no significant
effect on the fitness effect. With the use of Internet, the odds ratio
of fitness frequency among residents decreased by 1.9%, but there
is an increase of 1.7% in the odds ratio of fitness effectiveness.
The result suggests a possible mediating effect of social capital and
health risk perceptions between Internet use and residents” fitness
behavior, which will be further examined by this study through KHB
analysis method.

The results of the KHB test for the mediating variables and
their decomposition effects are listed in Table 4. Social capital and
health risk perceptions exert mediating effects in the relationship
between Internet use and fitness frequency, but no mediating effect
is found in the effect of Internet use on fitness effectiveness. After
simultaneously including the three mediating variables of social
capital, physical and psychological health risk perceptions in the main
effects model, the direct effect of Internet use on fitness frequency
is significantly reduced by 0.0159, resulting in indirect effects of
0.0046, 0.0003 and 0.0106, at the individual contribution rate of 30.56,
0.22, and 69.27%, respectively. The contribution rate of psychological
health risk perception is higher than that of social capital, and the
rate of physical health risk perception is the lowest. After adding
the three mediating variables separately in the main effects model,
only the mediating effect of psychological health risk perception
is significant with a separate contribution rate of 2.16%, while the
mediating effect of the rest was not significant. The results indicate
that the social compensation effect of Internet use on residents’
fitness behavior is mainly reflected in the increase of social capital
and the decrease of health risk perceptions, while under the regular
prevention and control of the epidemic, residents’ psychological
health risk perceptions are a critical mechanism for media use to
affect fitness behavior.

Discussion
In this study, we applied the first 3 years of CFPS data to

explore the casual effect of Internet use and residents’ physical
fitness. With the data from CFPS2020, we further explored the
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TABLE 3 The influence of the Internet on the frequency and fitness effect of residents’ physical fitness under regular epidemic prevention and control.

Variable Fitness frequency Fitness effectiveness

Modell Model2 Model3 Model4 Model5 Model6 Model7  Model8
Internet use 1913 1.910% 1.896™ 1.894™ 1171 1171 1.188™* 1.188™*
Social capital 1.304™* 1.332%** 0.98 0.985
Health risk perception
Physical Health risk perception 0.987 0.988 1.065*** 1.065***
Psychological health risk perception 0.894*** 0.895%** 1.249*** 1.249***
Age 0.923"* 0.921°"* 0.928%** 0.927*** 1.007 1.007 0.990 0.991
Age squared 1.001%* 1.001%* 1.001%* 1.001%* 1.000%* 1.000%* 1.000** 1.000**
Gender (male = 1) 1.071** 1.076™** 1.053* 1.059** 1.292%** 1.292%** 1.341%* 1.341%*
Marital status (Married = 1) 0.685** 0.713%** 0.664*** 0.690*** 0.945 0.942 1.008 1.006
Years of education 1.570** 1.494** 1.552%** 1.477%* 0.946* 0.949* 0.977 0.979
Urban =1 1.740% 1.737%% 1.725% 1.722%% 1.094** 1.094** 1.109** 1.109**
BMI 1065 1.066™ 1.063" 1.063"* 1.225% 1.225% 1.229%* 1.229%*
R2 0.055"** 0.057*** 0.057*** 0.058"** 0.033%** 0.033%** 0.041%** 0.041%**
N 23,872 23,872 23,872 23,872 9,073 9,207 9,207 9,207

The coefficient estimate is Exp.
Standard errors have been omitted for simplicity of presentation.
*p < 0.1, "p < 0.05, **p < 0.01.

functional mechanism of the Internet on residents’ physical fitness
behavior under the regular prevention and control of the COVID-
19 epidemic from two dimensions: social capital and health risk
perception. We obtained three valuable conclusions as follows:
First, there is a significant correlation between the Internet and
physical fitness behavior. Second, the Internet use is the cause for
the increase in fitness frequency, and there is a rival relationship
between Internet duration and fitness time. Third, under regular
prevention and control of the COVID-19 epidemic, social capital and
health risk perceptions are the functional mechanisms of the Internet
influencing fitness behavior, and the mediating effect of psychological
health risk perceptions is higher than that of social capital.

During 2014-2018, Chinese residents’ Internet use and physical
fitness behavior both showed an increasing trend, with the proportion
of people using mobile devices such as cell phones and computers
to access the Internet increasing from 28.66 to 65.99%, and the
duration of usage increasing from 11.7 to 25h per week. Physical
fitness frequency and time increased from 1.8 times/week and 7.8
hours/week in 2014 to 2.7 times/week and 9.0 h/week in 2018,
respectively, but the proportion of people who participated in
1 time or more decreased in 2020, and fitness time maintained
at 1 h/time. The results of the fixed effects model confirms the
“media mobilization theory” (14, 15) proposed in previous studies.
Both Internet use and duration have a significant positive effect
on fitness behavior, but there is no significant difference in the
time spent on fitness whether or not they use Internet; nor do
increase the time spent on Internet significantly raise the frequency
of fitness. Thus, it can be seen that the effect of the Internet
on fitness behaviors may vary in findings due to differences in
concept measurement, which may partially explain the “media
suppression theory” that has been upheld by previous empirical
studies (16, 17).
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In contrast to previous studies, the CFPS data used in this study
allowed us to explore the causal relationship between the Internet
and fitness behaviors. The results of the cross-lagged panel model
reveal that the use of Internet significantly and positively predicts the
frequency of fitness; while the Internet duration negatively predicts
the fitness time and vice versa. This demonstrates that the influence
of Internet use on fitness behavior has both a “time displacement
effect” and a “social compensation effect.” In terms of fitness time,
as the total amount of time is limited, increasing the time spent
on Internet use will inevitably be at the cost of decreasing the time
spent on fitness, and in turn, increasing the time spent on fitness
will also certainly reduce the time spent on Internet use, therefore,
this study supports the “time displacement effect hypothesis” of the
Internet. Internet media also has an important “social compensation
effect” on fitness frequency. Previous studies have suggested that the
social compensation mechanism of the Internet is mainly reflected
in its significant role in shaping the social environment of sports,
accessing fitness information and resources, and altering fitness
attitudes and motivation (19, 20). The disadvantaged can use the
Internet to compensate for the insufficient possession of social sports
resources and thus promote their fitness behavior (26). However, this
study suggests that with the extensive use of Internet information
technology, residents’ Internet use behavior may have exceeded
the single function of searching or delivering sports information,
and may be more likely to become an effective tool for social
interaction and health risk perception, further shaping residents’
fitness behavior.

Although it has been shown that epidemic prevention social
capital formed through the Internet during the physical isolation of
the COVID-19 epidemic had a significant effect on physical fitness
(9, 10, 34). This study show that when the mediating effects of social
capital and health risk perceptions were examined simultaneously,
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TABLE 4 Mediating effects test based on the KHB.

10.3389/fpubh.2022.1111987

Variable Fitness frequency Fitness effectiveness

Social Physical Psychological Social Physical Psychological

capital health risk health risk capital health risk health risk

perception perception perception perception

Total effects 0.649** 0.649*+ 0.649** 0.171%* 0.171%* 0.171%*
Direct effects 0,644+ 0.649** 0.635** 0.158"* 0.175"* 0.189**
Indirect effects 0.005 0 0.014™* 0 —0.004 —0.018
Separate contribution rate — — 2.16% — — —
Individual contribution effect 0.005 0.0003 0.0106 — — —
Individual contribution rate 30.56% 0.22% 69.21% — — —

Standard errors have been omitted for simplicity of presentation.
*p < 0.05,*p < 0.01.

the contribution of social capital in the total mediating effect is
30.56%, which is lower than the 69.27% contribution of psychological
health risk perceptions. When the mediating effects of social capital
and health risk perceptions are examined separately, the mediating
effect of social capital is not significant, while the mediating effect
of psychological risk perceptions is, but only accounted for 2.16%
of the total. This study suggests that online and face-to-face social
interaction are two forms of social capital accumulation, and that the
Internet is an effective way for residents to interact with the outside
world and to achieve social capital during the epidemic isolation
period, however, as for the regular prevention and control of the
epidemic, real social interaction may still be the main way to maintain
and develop social capital. Therefore, due to the impact of the regular
prevention and control of COVID-19 epidemic, the mediating role
of social capital in influencing fitness behavior through online media
is diminished. The mediating effect of psychological health risk
perceptions is stronger than that of physical health risk perceptions,
and although the separate contribution of physical health risk
perceptions is not significant, the mediating effect of psychological
health risk perceptions is. On one hand, the health threat of the
epidemic is intensified by the “amplification effect of the risk society”
of the Internet, which in turn motivates residents to pay more
attention to healthy lifestyles, especially physical fitness; on the other
hand, the psychological impacts of the epidemic are more extensive,
longer-lasting, and more easily perceived than the physical ones.
With the virus becoming less severe and the effective implementation
of China’s epidemic prevention and control policy, the daily life of
residents gradually returns to normal and the perception of physical
health risk will gradually decrease, but the perception of psychological
health risk could hardly diminish in a short period of time.

There are some limitations to be interpreted. First, due
to data limitations, we could only measure the concept of
“Internet” in two dimensions: “Internet use” and “Internet
duration,” which would generalize the findings of this study.
Second, the sample of this study included three social groups
adolescents, middle age, and the elderly. Thus, this study
examined the causal relationship and mechanism of action
between online media and residents’ fitness behavior from a general
perspective without considering the issue of age heterogeneity.
For this reason, the total mediating effect of social capital
and health risk perception was low when the mediating effect
was tested.
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Despite these limitations, our study revealed the causal
relationship and functional mechanism between the Internet and
physical fitness in terms of theoretical derivation and data validation.
Therefore, it also provides practical recommendations for future
work. First, We should accelerate the deep integration of “Internet
+ fitness” and optimize the function of sports media in promoting
scientific fitness knowledge, skills and methods. Sports media is an
achievement of integrating and developing the Internet and sports
and has played an essential role in sports communication. However,
the current content of sports media communication is based on
the broadcast of major international and domestic sports events.
Very little content is disseminated for scientific sports and fitness
knowledge, skills and methods. Although we can search for the
fitness content we need in online media, it lacks authority and may
have a negative impact on residents’ physical fitness. Second, we
need to reasonably allocate time for Internet use, avoid the time
displacement effect, promote the effect of social capital accumulation
and avoid the effect of health risk perception. With the rapid growth
of global Internet penetration, the online medium has become an
essential way of online services such as online shopping, payment,
education, medical care, and social interaction in developed and
developing countries. However, the total amount of individuals’ time
is limited, and prolonged physical behavior on the online medium
shortens the time spent on physical fitness. Compared to the time
displacement effect of the Internet, the social capital accumulation
effect facilitates residents’ fitness behavior. Although this study found
that the mediating effect of risky health perceptions was greater
than that of social capital in Internet influences on physical fitness
during the particular period of COVID-19, as the impact of the
epidemic continues to decrease, social capital could still be an
essential functional mechanism for the Internet to influence physical
fitness behavior.

Conclusion

This study explored the causal relationship and functioning
mechanism of Internet and physical fitness behavior. We found that
there is a significant correlation between the Internet and physical
fitness behavior, the Internet use is the cause for the increase in fitness
frequency, and there is a rival relationship between Internet duration
and fitness time. Moreover, under regular prevention and control of
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the COVID-19 epidemic, social capital and health risk perceptions
are the functional mechanisms of the Internet influencing fitness
behavior, and the mediating effect of psychological health risk
perceptions is higher than that of social capital. At the same time,
we also observed a relatively moderate effect of Internet on fitness
behavior. Therefore, how to further create an intelligent, informative
and digital sports public service system via enriching and optimizing
sports medium, and facilitate the Internet to better serve the residents’
physical fitness is a theoretical and practical topic that should be
focused in the future.
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Background: With industrialization, urbanization, and modernization, mass sports
have entered people's daily lives to maintain their health status. However, less
attention has been paid to the heterogeneity and inequality of access to mass sports,
especially in developing countries. This study aims to analyze the factors that affect
mass sports participation in developing countries represented by China, and explain
the changing trends and inequality in the class differentiation and mobility of public
sports participation.

Methods: The study selected the Chinese General Social Survey (CGSS) data in
2010 and 2018 as the research samples, and used an ordered Probit model and
sub-sample regression to analyze the factors and trends of Chinese residents’ mass
sports participation and the influencing factors. By stratified three-stage probability
sampling, the study obtained 4,940 valid responses, including 1,014 in CGSS 2010
and 3926 in CGSS 2018.

Results: First, in terms of social factors, urban residents have a higher frequency of
sports participation than rural residents. Second, regarding family factors, residents
with higher social classes are more likely to participate in sports than those with lower
social classes. Third, in terms of self-induced factors, the elderly are more motivated to
exercise than the young. Residents with public-sector jobs, high incomes, and higher
education levels are keener to participate in sports. Fourth, residents’ mass sports
participation rate has generally shown an upward trend over time. Fifth, with time
changes, the sports participation rate varies between urban and rural areas, between
ethnic minorities and Han ethnic, between old and young age groups, and between
higher and lower education levels will continue to shrink, but differences between
social classes will further increase over time.

Conclusions: Our analysis demonstrated that hidden inequality existed in accessing
mass sports participation in developing countries, and the self-induced characteristics
were significantly correlated with the quality of sports participation. Future public
sports policies should address the inequity to ensure equal access to affordable
qualified personal mass sports.

mass sports participation, inequality, CGSS, China mass sports, socioeconomic disparities
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1. Introduction

With the improvement of social and economic levels, human
values gradually surpass the pursuit of a single economic dimension,
and pay more attention to multi-dimensional experiences such
as social, psychological and physical health (1). When health
sociologists observe changes in perceptions, they find that
socioeconomic factors such as social status, education and income
level of individuals are closely related to the attainment of physical
health (2-8). The inequality of sports participation caused by social
class distinction has attracted scholars’ attention.

From the perspective of sports sociology, sports access or mass
sports participation can be regarded as one of the most common
social phenomena in modern society and one of the crucial ways
for ordinary members of society to achieve socialization (9). Earlier,
Kenyon (9) and other scholars refined the meaning of sports
participation. He believed that sports participation covered the level
of sports cognition, emotional tendency, direct participation, and
indirect participation related to social class characteristics (10).
Therefore, under this background, some scholars believe that the
inequality of mass sports participation is due to the existence of class
divisions. The way of sports participation, as a means of class division,
is not only reflected in the choice of sports events, but also limited
sports participation (10-13). With the development of democracy,
sports participation is no longer restricted by class divisions, but
by sports itself, which makes the inequality of sports participation
appear in another form (14, 15). For example, the upper class or
more affluent group excludes others through expensive consumption
or strict membership in golf and rowing clubs, while the working
class is attracted by exciting sports such as boxing, wrestling, and dog
running (16). At the same time, a strict distinction has been made
between professional and amateur athletes, which does not release the
inequality of participation (14, 17).

Up to now, sports participation has been gradually decoupled
from the political class. Economic or willingness analyzes of new
technologies are beginning to be applied to sports participation
(18, 19). The development of blockchain and other technologies
has effectively protected personal sports and health data (20, 21).
Sports participation bears more weight on individual development
and family health living. Under this trend, sports participation is
divided more finely. On a global scale, scholars have divided sports
participation into mass and elite/professional sports participation
(22). More specifically, three forms of sports participation have been
formed: competitive sports participation, school sports participation,
and mass sports participation (23-25). Among them, competitive
sports focus on stimulating human beings. To maximize the potential
of physical fitness and psychological endurance, it emphasizes
starting from all human beings, regardless of ethnicity and race, so
when we discuss participation in competitive sports, we emphasize
individual-level talent. Schools’ physical education is a form of
physical education related to school sports participation (23, 24, 26).
It pays more attention to the methods of physical education, the
position and development prospects of physical education in quality
education, and the discussion of school sports participation pays
more attention to the influence of the social level. Mass sports
participation is the generalization of residents’ daily exercise habits
and amateur sports acquisition, which is usually closely related to
lifestyle, healthy exercise, etc., so the discussion on mass sports
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participation needs to consider both the individual level and the
social level (27).

Based on the above classification, this article chooses to focus
on sports participation in mass sports. Compared with competitive
and school sports, mass sports are more closely related to each of
us. Meanwhile, due to economic improvement, residents are paying
more and more attention to healthy lifestyles, and mass sports
can include as many samples as possible. Research on mass sports
participation can better reflect the changes in mass exercise methods
and the development of health policies.

Hence, the research will start with the specific factors that affect
mass sports participation and answer two progressive questions:

(1) Does the inequality of mass sports participation in developing
countries (China) exist? If it exists, what are the specific
influencing factors; if it does not, clarifies the presentation
form of mass sports participation.

(2) With the changes of the times, what kind of changing trend
does mass sports participation in developing countries show?
Has inequality improved amid this trend?

By sorting out residents” sports participation tendencies, we find
that social structures, such as class, status, prestige, power, etc., affect
the socialization of sports participation to a certain extent (28-31).
In fact, there have been discussions of sports participation from
the perspective of social stratification theory. In the late twentieth
century, scholars noticed that sports participation as a means of
social stereotyping was widely used throughout society and played
a role as a maker of social inequality in social stratification (28, 32).
Giddens (33) once stated that the liberation of the individual is the
freedom obtained by breaking free from the constraints of inequality.
Inequality theory has become a direction that public sociologists and
scholars engaged in a social policy called on government authorities
to promote public participation in sports (17, 34-36). Sports have
become a powerful weapon for reform in project promotion and
sports facility construction.

In sociology, scholars have also linked public sports participation
with social structure and individual agency along the perspective
of social stratification theory (14, 32, 37-39). Social structure,
that is, we usually understand various external environmental
factors that are independent of the individual but can restrict the
individual, while individual agency emphasizes the individual’s ability
to independently choose and carry out actions (40). It is undeniable
that the social structure is independent of the individual and is indeed
a factor that cannot be ignored in the changing times. The individual
initiative will also check, balance, and influence the social structure.
However, this distinction divides the individual and society. In fact,
the distinction between the micro-level and the macro-level does not
have such a large span. Similarly, the social structure at the macro
level does not always directly act on individuals through external
factors, but often looks for some intermediaries, such as government
organizations (governments) and some public profit organizations
(hospitals) that we cannot ignore.

Scholars’ research in recent years has also found that the family
has a non-negligible influence on the behavior and habits of adults,
and the way family upbringing will affect the individual’s lifestyle in
adulthood (2, 39, 41, 42). Therefore, in order to ensure the scientific
nature of the research, this study believes that discussions such as
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family annual income and family social class also need to be included
in the frame design.

Specifically, in this study, the author attempts to classify the
factors that affect mass sports participation into social factors, family
factors and self-induced factors, and accordingly put forward the
following hypotheses:

H1: Inequality in mass sports participation exists in developing
countries (China).

Hla: Social factors have a significant impact on mass
sports participation.

HI1b: Family factors have a significant impact on mass
sports participation.

Hic: Self-induced factors have a significant impact on mass
sports participation.

H2: As times change, inequality in mass sports participation in
developing countries will improve.

2. Methods

2.1. Setting and data resources

The data in this paper comes from the Chinese General Social
Survey (CGSS). CGSS is the earliest national, comprehensive and
continuous academic survey project in China, implemented by the
China Survey and Data Center of Renmin University of China. Since
2003, the project has basically guaranteed to conduct continuous
cross-sectional surveys on more than 10,000 households in various
provincial units in mainland China once a year. 2003-2008 is the first
phase of the CGSS project. A total of 5 annual surveys were completed
(exclude 2007), and 5 sets of high-quality annual data were produced.
2010-2019 is the second phase of the CGSS project. As of the article
writing, 7 annual survey data (2010, 2011, 2012, 2013, 2015, 2017,
2018) have been released, the latest year of data available is 2018.

This article explores Chinese residents’ sports participation and
its influencing factors. Considering that with the evolution of the
times, Chinese citizens’ attitudes toward physical participation have
changed, this article will also attempt to deeply explore the changing
trends of the effects of various influencing factors. The authors
selected the CGSS data in 2010 and 2018 as the research samples.
CGSS 2010 and 2018 contain several parts, including core modules
(basic information), class consciousness, social stratification, income
and consumption, religion, environment, and health. After removing
missing values and outliers, the study obtained 4940 valid observation
samples, including 1014 in CGSS 2010 and 3926 in CGSS 2018.

2.2. Sampling method

2.2.1. Stratified three-stage probability sampling

The CGSS is a national large-scale survey project which targets
all urban and rural households in 31 provinces, autonomous regions,
and municipalities directly under the Central Government (excluding
Hong Kong, Macao, and Taiwan). CGSS 2010 and 2018 adopt
stratified three-stage probability sampling. As shown in Table 1, the
sampling units of each stage are slightly different.

For the mandatory layer, choosing streets as the primary
sampling unit can refine the sampling frame and make the sample
points relatively scattered, which is conducive to collecting general
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information and avoids sample bias due to too thick a sampling
frame. For the selection layer, considering that there are many
districts, county-level cities, and counties in the whole country, it is
more appropriate to use them as the primary sampling unit.

Based on past survey experience, the target sample size for the
survey is set at 12,000 households, of which 2,000 are compulsory
and 10,000 are selected. The sample size allocations covered in the
subsequent sections are all based on the target sample size.

2.2.2. Sample size

For the mandatory layer, the total sample size is 2,000 households.
Specifically, 40 primary sampling units (streets) are selected, and two
secondary sampling units (neighborhood committees) are chosen
from each primary sampling unit (PSU). The third stage of sampling
contains 25 households, which were selected from SSU.

For the selection layer, the total sample size is 10,000 households.
Specifically, 100 PSUs (districts, county-level cities, counties) are
selected, and 4 SSUs (neighborhood committees, village committees)
are chosen from each PSU. Each neighborhood committee (village
committee) selects 25 households.

Hence, a total number of 140 PSUs and 480 SSUs were drawn in
this survey.

Considering that the answer rate in the survey is difficult to reach
100%, this plan adopts the method of expanding the sample size by
using the expansion coeflicient to enlarge the sample size of the third
stage. According to the survey experience in previous years, due to
various reasons, the answer rate of residents in the municipal districts
of developed cities is 50%. That is, the expansion coefficient is around
2, so 50 households are selected from each second-level unit in the
mandatory layer, and the contact sample size of this layer is expanded
to 4,000.

The response rate of the residents in the selected layer is higher
than that of the mandatory layer. In general, based on the experience
in the previous year, the response rate of urban residents is around
65%, and the response rate of rural residents is higher than that of
urban residents, roughly about 85%. Therefore, for the selection layer,
38 households were selected for each neighborhood committee, and
30 households were selected for each village committee.

This survey’s final contact sample size is 17,664, of which 4,000 are
mandatory, and 13,664 are selection. In the mandatory layer, when
the number of primary and secondary units remains unchanged, the
number of contact samples in each secondary unit increases to 50
households. In the selection layer, the number of primary units is 100,
and the number of secondary units in each primary unit is 4. The
contact sample size in each sampling neighborhood committee was
expanded to 38 households, while in each sampling village committee
was expanded to 30 households. Therefore, the contact sample size of
the selection layer was 13,664, of which 7,904 were urban residents
and 5,760 were rural residents.

2.3. Variable selection

2.3.1. Dependent variable: Sports participation

The dependent variable in this paper is residents’ sports
participation. Unlike the previous studies, which defined sports
participation as a dummy variable—whether or not to participate in
physical exercise; this study believes that the previous method limits
the study to qualitative analysis. In fact, there are also significant
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TABLE 1 Stratified three-stage probability sampling.

Primary sampling unit (PSU)

Secondary sampling unit (SSU)

10.3389/fpubh.2023.1072944

Third stage sampling unit

Mandatory layer Street Neighborhood committee Households
Lottery layer District, county-level city, county Neighborhood committee, village committee Households
TABLE 2 The measurement of the independent variable—social factors (CGSS 2018).
‘ Social factors Question and assign Frequency Percentage ‘

Gender A2. What is your gender?
female = 0 6,441 53.01
male =1 5,708 46.99

Household registration A18. Your current household registration status is
Rural household registration = 1 6,994 54.70
Urban household registration = 0 3,123 24.42
Resident household (formerly rural household registration) = 0 1,010 7.90
Resident household (formerly urban household registration) = 0 1,628 12.73
Military status = None 5 0.04
No account = None 5 0.04
Other = None 22 0.17

Ethnicity A4.Your ethnicity is
Han=0 11,829 92.74
Montgomery = 1 36 0.28
Man =1 97 0.76
Hui=1 235 1.84
Zang =1 7 0.05
Zhuang = 1 145 1.14
Wei =1 3 0.02
Other =1 403 3.16

CGSS2010 and CGSS2018 have the same variable measurement methods in the related questions, the data of CGSS2010 will not be listed in detail.

differences in the frequency of participation among groups that
participate in physical activity. Therefore, this article will focus on the
number of participants. For example, taking the 2010 questionnaire
as an example, this research selects the following questions:

“B4: How many times a week do you do physical exercise for
at least 20 minutes or more? Here refer to those exercises that make
sweat or breathe faster.”

According to the answer, define the dependent variable sports
participation and set the five frequencies of “I do not exercise”,
“several times a year or even less”, “several times a month”, “several
times a week” and “exercise every day” as 1, 2, 3, 4, 5. Similarly, in the
2018 questionnaire, the number of specific exercises was classified as

the above five frequencies for assignment.

2.3.2. Independent variable

Considering the diversification of factors influencing sports
participation, whether or not to participate in physical exercise and
the frequency of participation are often the result of the combined
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action of multiple factors. The past literature introduces a series
of factors that may affect the dependent variable as independent
variables from three aspects: social factors, family factors, and self-
induced factors. (1) Social factors include household registration,
gender, and ethnicity; (2) Family factors include family income and
social class of the households at the age of 14; (3) Self-induced
factors include age, occupation, individual income, education level,
marital status, and religious beliefs. In addition, considering that the
changes in the times may impact on sports participation, the study
also introduces time virtual variables; the specific variable selection
and assignment are shown in Tables 2-4.

2.4. Model building

2.4.1. Descriptive statistics

The descriptive statistics of the main variables in this paper are
shown in Table 5. The dependent variable in the study is sports
participation. Regarding the frequency of sports participation, the
average value in 2010 was 2.550, which rose to 2.740 in 2018.
In the nine-year duration, the enthusiasm of Chinese residents to
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TABLE 3 The measurement of the independent variable—family factors (CGSS 2018).

Family factors Question and assign Frequency Percentage

A Family income A62.What was your family’s total household income in 2017?
hundred th d th d ten
[ | | | | | | ]
million ten thousand hundred one
Family income = In(a62 + 1)

Social class A4.When you were 14, what social class did you think your family was in?
One point =1 2,123 17.17
Two points =2 2,407 19.46
Three points = 3 2,499 20.21
Four points = 4 1,731 14.00
Five points = 5 2,177 17.60
Six points = 6 636 5.14
Seven points =7 301 2.43
Eight points = 8 172 1.39
Nine points =9 39 0.32
Ten points = 10 64 0.52
Don’t know = None 196 1.58
Refuse to answer = None 21 0.17

CGSS2010 and CGSS2018 have the same variable measurement methods in the related questions, the data of CGSS2010 will not be listed in detail.

participate in sports has increased. However, the median of 2010 and
2018 is 2, which means that although the enthusiasm of Chinese
residents to participate in sports has increased, it is still not high
overall. The standard deviations are 1.721 and 1.747, respectively,
which means that there is a big difference in the frequency of
residents’ sports participation in the two periods.
The of this
three dimensions:

independent variables study consist of

(1) Social factors dimension includes household registration,
gender, and ethnicity. In 2010, the average household
registration was 0.603; that is, 60.3% of the households were
registered as urban residents. In 2018, this figure rose to
65.5%, which is generally consistent with China’s urbanization
process. In 2010, the gender average was 0.509; that is, 50.9%
of the respondents were female. In 2018, this figure was 54.8%,
and the proportion of female respondents increased slightly. In
2010, the average ethnicity value was 0.081, showing that about
8.1% of the respondents were ethnic minorities, and this figure
dropped to 5.8% in 2018.

(2) Family factors dimension includes family income and the

social class of the respondents when they were 14 years old.

Among them, the average value of social class in 2010 was

3.037; that is, the majority of interviewees believed that their

native families belonged to the middle and lower classes.

In 2018, this number rose to 3.517, indicating that most

interviewees had jumped in class. In 2010, the average value of

household income after logarithm removal was 10.45; in 2018,

it rose to 10.93, and the standard deviations were relatively

large, indicating that the family income of different resident
groups varies considerably.
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(3) Self-induced factors dimension includes factors related to
individuals, such as age, occupation, individual income,
education level, marital status, and religious belief. In 2010, the
average age was 53.24, and in 2018 it rose to 59.08, reflecting
the acceleration of the aging process in China. In terms of
occupation, based on social experience and previous research,
influenced by the socialist system with Chinese characteristics,
people generally believe that occupations that work for the
state (or are paid by the state) are more stable. This type of
occupation is habitually called work in the system in China.
In 2010, the average occupation value was 0.163; that is, about
16.3% of the respondents were working in the system. In 2018,
this figure rose to 20.2%. For individual income in 2010 and
2018, the mean value after taking the logarithm is 8.647, and
the standard deviation is slight different, indicating that the
income difference of resident groups has changed little. The
average education level in 2010 was 8.547, and it rose to 9.145
in 2018, with a median of 9, which means that the intermediate
education level of the interviewed households is about junior
high school. The average value of marital status in 2010 was
0.829, indicating that 82.9% of the interviewed households
were married; this figure dropped to 74.9% in 2018, which
also explained the decline in the marriage registration rate. It
should be noted that in statistics, remarriage with spouse is
considered as a type of marital change, so this indicator is not
included in the statistics of married. Meanwhile, considering
that the sample size of remarried with spouse is small (n =
200), its impact on the statistical results can be ignored. The
average value of religious belief in 2010 was 0.122, indicating
that religious believers accounted for 12.2% of the total sample,
and this figure dropped to 11.6% in 2018.
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TABLE 4 The measurement of the independent variable- self-induced factors (CGSS 2018).

Self-induced factors Question and assign Frequency Percentage
Individual income A8a.What was your total individual income for last year (2017)?
hundred th d th d ten
[ | | | | | | ]
million ten thousand hundred one
Income = In(a8a+1) ‘ ‘
Age A3a. What is your date of
birth?[___| | |___Jyear[__|__ Jmonth[ | ]day
Age =2018-a3a ‘ ‘
Marital status A69.What is your current marital status?
Single =0 1,204 9.91
Cohabitation = 0 254 2.09
First marriage with spouse = 1 8,882 73.11
Remarried with spouse = 0 200 1.65
Separated but not divorced = 0 68 0.56
Divorce =0 301 2.48
Widowed = 0 1240 10.21
Education level A7a.Your current highest education level is
Without any education = 0 1,758 14.50
Private schools = 6 77 0.64
Primary schools = 6 2,612 21.54
Junior high school =9 3,260 26.89
Vocational high school = 12 167 1.38
General high school = 12 1,444 11.91
Technical secondary school = 12 556 4.59
Technical school = 12 51 0.42
University Diploma (adult higher education) = 15 369 3.04
University Associates (formal higher education) = 15 570 4.70
Undergraduate (adult higher education) = 16 269 222
Undergraduate (formal higher education) = 16 850 7.01
Postgraduate and above = 19 142 1.17
Occupation A60j.The type of affiliation or company in which your most recent off-farm job was
Party and government organs = 1 170 4.31
Enterprise = 0 2,012 50.96
Public institutions = 1 625 15.83
Social groups, village/neighborhood committees = 0 132 3.34
Unemployed/self-employed = 0 799 20.24
Army =0 34 0.86
Other = None 95 2.41
Don’t know = None 70 1.77
Refused to answer = None 11 0.28
Religious A5.What is your religion?
No religion = 0 10,852 89.32
Buddhism = 1 533 4.39
Taoism = 1 17 0.14

(Continued)
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TABLE 4 (Continued)

10.3389/fpubh.2023.1072944

Self-induced factors Question and assign Frequency Percentage
Folk beliefs (Mazu, Guan Gong, etc.) =1 256 2.11
Islam/Islam = 1 217 1.79
Catholic =1 23 0.19
Christianity = 1 234 1.93
Other Christian =1 1 0.01
Other = None 16 0.13

Time factor Era 1in 2018, 01in 2010

CGSS2010 and CGSS2018 have the same variable measurement methods in the related questions, the data of CGSS2010 will not be listed in detail.

TABLE 5 Descriptive statistics.

Variable Mean Median Standard deviation Minimum Maximum value
2010 2018 2010 2018 2010 2018 2010 2018 2010 2018
Sports participation 2.550 2.740 2 2 1.721 1.747 1 1 5 5
Household registration 0.603 0.655 1 1 0.490 0.476 0 0 1 1
Gender 0.509 0.548 1 1 0.500 0.498 0 0 1 1
Ethnicity 0.081 0.058 0 0 0.273 0.233 0 0 1 1
Social class 3.037 3517 3 3 1.838 1.859 1 1 10 10
Family income 10.45 10.93 10.19 11.00 1.703 2.303 7.474 0 16.12 16.12
Age 53.24 59.08 55 62 16.06 15.63 18 18 96 118
Occupation 0.163 0.202 0 0 0.369 0.402 0 0 1 1
Individual income 8.647 8.678 9.393 10.27 3.579 3.958 0 0 16.12 16.12
Education level 8.547 9.145 9 9 3.624 4 0 0 19 19
Marital status 0.829 0.749 1 1 0.376 0.434 0 0 1 1
Religious belief 0.122 0.116 0 0 0.328 0.321 0 0 1 1

2.4.2. Ordered Probit model

The empirical goal of this paper is to explore the influencing
factors of Chinese residents’ sports participation. Since the dependent
variable in this paper is an ordered discrete variable, when the
explained variable is a multivariate ordered discrete variable, the
ordered Probit model can better meet the needs of empirical
regression. Compared with the traditional ordered Logit model, the
ordered Probit model relaxes the assumption of the independence
of irrelevant alternatives of the sample data and has broader
applicability. Therefore, this paper establishes the ordered Probit
model. The equations are as follows:

5
Y = Z 0 + Prurban + P,sex + B3nation + Byrank
i=1

+ Bsfa_income + Bgage + P7job + Psper_income + Boedu
+ Bromarry + Pyjbelief + B time + €

Among them, Y* is the frequency of resident sports participation
in the dependent variable, which is divided into five grades: “ I do
not exercise”, “several times a year or even less”, “several times a
month”, “several times a week”, and “exercise every day”. «; is a
constant term, there are five categories of dependent variable values,

and five constant terms will be generated under the ordered multiple
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regression. f; is the regression coefficient of the corresponding i-th
influencing factor, and ¢;is the residual term. Set the threshold 1; <
Ay < A3 << Mg < As, there is the formula:

Lif Y <2
Y=2ifa <Y <k
3if <Y <3

The probability of Y looks like this:

Prob(Y = 1]X) = Prob (Y < 4;|X) = Prob (Xg"+ &)

<mlX=¢ (O — X"

Prob (Y =2|X) =Prob (<Y <1,|X) =¢ (0 — XBT) — ¢ (g — XBT)
Prob(Y = 3]X) =Prob (<Y < 131X) =¢(hs — XBT) — ¢ (12 — XBT)
Prob (Y =4|X) = Prob (i3<Y < 14X) = ¢ (hg — XBT) — ¢ (A3 — XBT)
Prob (Y =5|X) = Prob (hg<Y < 15X) = ¢ (hs — XBT) — ¢ (4 — XBT)

In the above formula, ¢ is the standard normal cumulative
distribution function.

The study concentrates on the direction and significance
of the coefficient B; of the independent variable. If it is
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TABLE 6 Benchmark regression.

10.3389/fpubh.2023.1072944

TABLE 7 Robustness test by replacing the dependent variable.

(1) (2) (3) (1) (2) (3)
Full sample Year 2010 Year 2018 Full sample Year 2010 Year 2018
Household 0.365"** 0.471%* 0.332%** Household 0.533*** 0.774** 0.479***
registration registration
(0.044) (0.100) (0.049) (0.042) (0.102) (0.047)
Gender 0.057 —0.081 0.088™* Gender 0.087** —0.012 0.108™**
(0.035) (0.079) (0.039) (0.034) (0.080) (0.038)
Ethnicity —0.122 —0.256* —0.076 Ethnicity —0.134* —0.241 —0.097
(0.074) (0.153) (0.085) (0.075) (0.176) (0.084)
Social class 0.029*** 0.002 0.035%** Social class 0.036™*** 0.060*** 0.032%*
(0.009) (0.021) (0.011) (0.009) (0.021) (0.011)
Family income 0.010 0.018 0.007 Household 0.019%* 0.024 0.018**
income
(0.008) (0.021) (0.009)
(0.008) (0.020) (0.008)
Age 0.006™** 0.012*** 0.004***
( ) ( ) ( ) Age 0.006™** 0.014™* 0.004™**
0.001 0.003 0.001
(0.001) (0.003) (0.001)
Occupation 0.099** 0.129 0.093*
( ) ( ) ( ) Occupation 0.034 —0.100 0.058
0.044 0.107 0.048
(0.043) (0.108) (0.047)
Individual 0.013*** —0.011 0.021%*
income Individual 0.009** 0.003 0.013%*
income
(0.005) (0.010) (0.005)
(0.004) (0.010) (0.005)
Education 0.027*** 0.046™** 0.023***
level Education 0.042*** 0.048** 0.041**
level
(0.005) (0.012) (0.005)
(0.005) (0.012) (0.005)
Marriage 0.050 0.082 0.043
( ) ( ) ( ) Marriage 0.043 0.047 0.045
0.039 0.100 0.043
(0.039) (0.104) (0.042)
Religious belief 0.002 —0.029 0.011
) ) ; ) ; ) Religious belief —0.035 —0.111 —0.023
0.053 0.129 0.059
. o (0.053) (0.129) (0.059)
ra .
( ) Era 0.222%%*
0.042
(0.042)
/
/
Cutl 1127 1.404"* 0.961%*
; ) ; ) ; ) Cutl 1.460** 2.057* 1.104*
0.127 0.308 0.141
(0.122) (0.311) (0.135)
Cut2 1.375%* 1.650™** 1.211%%*
( ) ( ) ( ) Cut2 1.763"** 2.436™* 1.391%*
0.127 0.310 0.141
(0.122) (0.312) (0.135)
Cut3 1.615%* 1.805™ 1.472%
( ) ( ) ( ) Cut3 1.952%* 2.710%* 1.564™*
0.127 0.311 0.142
(0.123) (0.315) (0.135)
Cut4 1.840™** 2.177%* 1.664™*
; ) ; ) ; ) Cut4 2.418* 3.001%* 2.068***
0.128 0.313 0.142
(0.124) (0.318) (0.136)
N 0.365%* 0.471%* 0.3327%%*
N 4870 999 3871
R2_p (0.044) (0.100) (0.049)
R2 0.051 0.088 0.041
Standard errors are in brackets, ***, **, *represent significant at the 1, 5, and 10% -P

levels, respectively.

ook

Standard errors are in brackets, N

levels, respectively.

, “represent significant at the 1, 5, and 10%

positive and significant, it means that the factor will promote
the increase of the frequency of residents’ sports participation;
if it is negative and significant, the factor will reduce the
frequency of residents’ sports participation; if it is insignificant,
it means that the factor has no significant relationship with

Frontiersin Public Health

the frequency of residents’ sports participation. According to
empirical needs, the study will also conduct sub-sample regression
on the two-year cross-sectional data in 2010 and 2018 to
explore the different changes in the influencing factors in
each era.
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TABLE 8 Further analysis.

Social factors

10.3389/fpubh.2023.1072944

Household registration 0.548"** Gender —0.073 Ethnicity —0.334**
(0.084) (0.073) (0.142)
Era 0.227% Era —0.010 Era 0.055
(0.075) (0.060) (0.043)
Household registration® era —0.232%%* Gender* era 0.162** Ethnicity* era 0.280*
(0.089) (0.081) (0.164)
Family Factors
Social class 0.012 Family income 0.139
(0.020) (0.233)
Era 0.006 Era 0.015
(0.084) (0.020)
Social class* era 0.022 Family income* era 0.139
(0.022) (0.233)
Self-induced factors
Age 0.012%** Occupation 0.232** Individual income 0.000
(0.002) (0.099) (0.010)
Era 0.511** Era 0.103** Era —0.064
(0.143) (0.046) (0.100)
Age* era —0.008*** Occupation* era —0.161 Individual income* era 0.016
(0.003) (0.108) (0.011)
Education level 0.043™** Marriage 0.068 Religious —0.086
(0.010) (0.096) (0.120)
Era 0.245™* Era 0.092 Era 0.062
(0.110) (0.095) (0.044)
Education level* era —0.019* Marriage* era —0.022 Religious*era 0.109
(0.011) (0.105) (0.132)

Standard errors are in brackets, ***, **, *

3. Results

3.1. Probit regression

According to the sample data, combined with the empirical
model established above, an ordered Probit regression is carried
out, and robust standard errors are used to overcome the
heteroscedasticity problem. The regression results are as follows (see
Table 6).

As shown in Table 6, in column (1), the study uses a two-
year mixed sample of 2010 and 2018 to test the influencing
factors of the dependent variable-sports participation. The results
show that in terms of social factors, the household registration
coefficient is significantly positive at the 1% significance level
while gender and ethnicity coefficients are not; that is, urban
residents have a higher frequency of sports participation than rural
residents, while men and women participate relatively equal in
physical exercise. The ethnicity coefficient is insignificant, indicating
no noticeable difference in sports preference between Han and
ethnic minorities.

Frontiersin Public Health

represent significant at the 1, 5, and 10% levels, respectively.

Regarding family factors, the coefficient of social class

is significantly positive while the coefficient of family
income is not, which means that residents of higher social
classes are more motivated to participate in sports than

residents of lower social classes; and the family income has
little effect.

For self-induced factors, age, individual income, education
level and the occupation coefficient are all significantly positive,
while religious belief and marital status are not; that is, the
elderly are more active in physical exercise than the young,
which may be because the elderly have sufficient leisure time.
It also indicates that residents who work in the system (those
who work for the state), residents with high income, and
residents with higher education levels are keener to participate
in sports.

The era (whether it is 2018) is significantly positive, indicating
that the resident’ sports participation in 2018 is more active than
that in 2010, and it also shows that the residents” sports participation
has changed significantly in the 9-year period; ascension is the
main feature.
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3.2. Sub-sample regression

The authors also conduct a sub-sample regression to verify
whether the influence of various influencing factors on sports
participation has changed from 2010 to 2018, the results can be found
in Table 6, columns (2) and (3).

For social factors, the results show that from 2010 to 2018,
the coefficient of household registration is still significant, but
the size of the coeflicient gradually decreases, indicating that
despite the current enthusiasm of urban residents to participate
in sports is more potent than that of rural areas, but the gap
with the latter has been narrowing. Meanwhile, it can be seen
that gender was insignificant in 2010 but significantly positive
in 2018, indicating that in 2010, the frequency of male and
female participation in sports had no significant difference, while
after 9 years, female’s fitness enthusiasm has improved and been
significantly higher than that of male. Also, the ethnicity coefficient
changed from significant to negative insignificant; in 2010, compared
with the Han group, the overall fitness enthusiasm of ethnic
minorities was not strong, and after 9 years, the two were
nearly indistinguishable.

For family factors, the coefficient of social class was
insignificant in 2010, while it was significantly positive in
2018, which also means that with the evolution of the times,
people with higher social status have an increasing awareness
of physical fitness, and the frequency of participation has
also increased.

For self-introduced factors, the age coefficient was significantly
positive in 2010 and 2018, but the coeflicient was reduced in
2018, showing that young people’s enthusiasm for physical exercise
increased with time. The occupation coefficient never increased,
which shows that practitioners in the system (those who work for
the state) have more enthusiasm for fitness. The individual income
coefficient is from insignificant to significantly positive, indicating
that groups with high income have a greater increase in fitness
enthusiasm. When it turns to education level, its coefficient in 2010
and 2018 were both significantly positive in the middle of the year,
but the coeflicient shrank significantly in 2018, which means that
the frequency of fitness among groups with lower education levels is
also increasing.

3.3. Robustness check

To verify the validity of the empirical conclusion of the study,
that is, whether the empirical conclusion can reveal the correct social
phenomenon, or it is only a particular result under the accidental
regression, and cannot be generalized as a general conclusion, this
paper attempts to conduct a robustness test to check.

Previously, the source of the dependent variable in this paper was
the item:

“B4: How many times a week do you do physical exercise for
at least 20 minutes or more? Here refer to those exercises that make
sweat or breathe faster.”

Considering that some sports participants prefer low-intensity
exercise without sweating, the author re-selects an item from the
questionnaire to replace current dependent variable:
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“A30i. In the past year, did you often engage in the following
activities in your spare time-physical exercise?”

The five grades of “I do not exercise”, “several times a year or even

» «

less”, “several times a month “, “several times a week”, and “exercise
every day” are, respectively, assigned to 1-5. The intensity is specified,
reflecting the degree of participation more comprehensively. Taking
this variable as the new dependent variable, the ordered Probit
regression is performed again, and the results are shown in Table 7.
The sign and direction of the coefficients are still consistent with the
previous regression, indicating that the empirical conclusions of this

paper are robust.

3.4. Further analysis

Comparing the two-year data between 2010 and 2018, the
influence of most social and self-induced factors shows a certain
rigidity. However, the coefficient estimates of the main variables have
changed to a certain extent. To test whether the influence of various
factors on residents’ sports participation has been strengthened or
weakened with the evolution of time and social transformation, the
authors introduce the multiplication term of each influencing factor
and the dummy variable of the era, and conduct an ordered Probit
regression analysis again; the results are shown in Table 8.

For social factors, both household registration and era are
significantly positive, but the interaction term between those two
is significantly negative, which shows that with the development
of the times, the impact of household registration on resident
sports participation is weakening. This result may be related to
the reform of the household registration system implemented in
China in 2014 and the improvement of rural sports facilities in
recent years. According to the Opinions on Further Promoting the
Reform of the Household Registration System promulgated in 2014,
Chinese household registration no longer distinguishes between
rural and urban household registration. Compared with rural
residents, although urban residents have long-term advantages in
sports participation, with the evolution of the times, especially the
continuous improvement of rural sports facilities and the awakening
of rural fitness awareness, the difference will continue to shrink. On
the other hand, the regression results also show that the coefficients
of gender and era are not significant, but the interaction term is
significantly positive, indicating that although there is no significant
difference in the frequency of sports participation between men and
women, as time progresses, women’s fitness levels are higher than
men’s. The frequency will be increased to a greater extent. Finally, the
regression results show that the ethnicity coeflicient is significantly
negative, while its interaction term with the era is significantly
positive, indicating that compared with the Han, ethnic minorities
have a lower frequency of sports participation, but with the evolution
of the times, ethnic minorities catch up effect is more pronounced.

For family factors, the regression results show that the coefficient
of the interaction term between social class and era is significantly
positive, which means that under the blessing of time, groups with
a higher social class will be more active in sports. On the other
hand, family income, era and their interaction items are insignificant,
indicating that family income is not a critical indicator affecting
sports participation, and the impact of family income on sports
participation will not change with the evolution of the times.
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As for self-induced factors, although times are changing, these are
still the most crucial aspect affecting residents’ sports participation.
According to the regression results, the coeflicients of age and era are
both significantly positive, while the interaction term is significantly
negative, indicating that the elderly have a higher frequency of
sports participation than the young. Still, as the times evolve, young
people will also invest more time in physical exercise, and the inter-
generational age gap in sports participation will continue to narrow.
At the same time, the occupation and era coefficients are both
significantly positive, but the interaction term between the two is
insignificant, indicating that the group working in the system is more
active in participating in physical exercise than the group working
outside the system. The difference tends to shrink, but the trend is
not apparent, indicating that the differences in sport participation in
and outside the system will persist for a considerable time. Moreover,
the education level and era coefficients are both significantly positive,
but the interaction term is significantly negative, indicating that
the group with a higher education level has a higher frequency
of sports participation than the group with a lower education
level. However, with the evolution of the times, the latter will pay
more and more attention to their health and spend more time
participating in physical exercise, and the inter-generational gap in
the education level of sports participation will continue to narrow. On
the other hand, individual income, religious belief, and marital status
do not affect the frequency of sports participation. Its interaction
items are also insignificant, indicating that these characteristics
are not the decisive factors affecting sports participation, and
the evolution of the times will not significantly impact the
change’s effectiveness.

4. Discussion
4.1. Findings

The specific issue under investigation here is whether mass sports
participation behavior appears to be characterized by inequities in
terms of social, family, and self-induced factors. Using the two-year
sample data of CGSS 2010 and 2018, the authors screened 4940 valid
observation samples and conducted an ordered Probit regression in
Stata 17 software. The empirical results are studied and the following
five conclusions are found.

First, in terms of social factors, urban residents have a higher
frequency of sports participation than rural residents.

Second, in terms of family factors, residents with higher social
classes are more likely to participate in sports than those with lower
social classes.

Third, in terms of self-induced factors, the elderly are more
motivated to exercise than the young; residents who work in the
system (those who work for the state), residents with high incomes,
and residents with higher education levels are keener to participate
in sports.

Fourth, Chinese residents’ mass sports participation rate has
generally shown an upward trend over time.

Last but not least, after the robustness test of the results to
verify its validity, the study finds that with time changes, the sports
participation rate varies between urban and rural areas, between
ethnic minorities and Han ethnic, between old and young age groups,
between higher and lower education levels will continue to shrink,
but differences between social classes will further increase over time.

Frontiersin Public Health

10.3389/fpubh.2023.1072944

4.2. Limitations

Since the study used ordered Probit regression to discuss the
influencing factors and changing trends of Chinese residents’ sports
participation, the author’ interpretation of the economic significance
of the variable coefficient is mainly based on the current situation
and previous research results. It cannot conduct a further in-depth
discussion on the impact mechanism.

As shown above, the study also used sub-sample regression to
illustrate the changing trends and effects of time. Sub-sample test
is a classic method in social science and has been used for a long
time, which may not be fashionable enough. Since we have already
added interaction terms to our variables in Probit analysis, it is
meaningless to multiply variables by interaction terms again, so we
still chose sub-sample regression. Nevertheless, to ensure the results’
robustness, we also replaced the dependent variable as a supplement
in the robustness check section; the results are meaningful and robust.
Therefore, we hope future researchers could dig out better and more
fashionable methods to replace the sub-sample regression.

Moreover, considering that the study focused on the influencing
factors of sports participation rather than discussing a specific
independent variable’s influence on the dependent variable, the
authors carefully selected the sample and adopted a method of
replacing the dependent variables to reduce the effect of endogeneity.
However, the study cannot deny that there exist more influencing
factors in real society other than the variables covered by design, and
the endogeneity could not essentially avoid. We can only guarantee
the mentioned factors have been thoroughly explained and proven to
have a non-negligible impact.

Hence, based on the limitations, the authors hope that future
research could design models that include a more comprehensive
range of indicators so that discussions on mass sport participation
can get further deepened.

5. Conclusion

This paper explores the influencing factors of residents’ sports
participation, analyzes the role of social, family, and self-induced
factors in residents’ mass sports participation, and studies the
temporal trend of the above factors.

It can be concluded that inequality existed in the access to mass
sports on social, family, and self-induced factors. Suppose China
and other developing countries would like to reduce the inequality
of sports participation caused by social and family factors such as
the urban-rural gap and social class disparity, they need to increase
investment in rural public sports facilities and fundamentally change
residents’ awareness of healthy lifestyles.

Meanwhile, considering that self-induced factors are the most
critical factors affecting the inequality of mass sports participation,
improving the educational level and individual income can also
reduce the gap. On the educational aspect, China has implemented
a 9-year compulsory education policy since 1986; as of 2018,
the average length of educated duration in China is maintained
at about nine years, which is very low. Over the past 30 years,
given that residents’ income levels and educational concepts
have changed tremendously, policymakers may consider extending
compulsory education to 12 years as most developed countries do.
On the individual income aspect, it should distinguish individual
income and family income first. Individual income measures the

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1072944
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Dong et al.

individual’s economic level, while family income reflects the family’s
survival. Although China’s economy has developed rapidly in
recent years, the fact that the agricultural population accounts
for the majority has not changed fundamentally. Measurements
based on family statistics need to consider the number of hidden
unemployed or non-labor force households in Chinese society.
Based on this situation, the relative advantage of the individual
income will disappear, because the individual has the obligation
and responsibility to help other family members financially. That
is to say, the higher overall income of individuals does not
mean that the family’s total income is also higher. This situation
should be more common in developing countries. Therefore,
while paying attention to improving personal income, policymakers
need to consider the ultimate impact of policies on personal
benefits separately.

Inequality of social class will bring socio-political and economic
instability. Although mass sports participation is only one indicator
of a healthy lifestyle, if the country continues to ignore equal access to
mass sports participation, it will eventually affect the stability of the
social structure.

As a developing country, China has already reached the upper
middle-income status by World Bank definitions. Most developing
countries are growing much slower than China and remain relegated
Based on this
consideration, inequality in mass sports participation in China can

to low-income or lower-middle-income status.

be seen as an inevitable process that other developing countries will
experience in the future, and the discussion of the study using China
as a case can provide prior experience to a certain extent. However,
China’s political system and economic development process differ
greatly from most developing countries. Developing countries should
fully understand and analyze their national conditions when learning
from China’s experience.
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tSwami Vivekananda Yoga Anusandhana Samsthana, Bengaluru, India, >Narayana Health City, Bengaluru,
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Background: The initial insights from the studies on COVID-19 had been
disappointing, indicating the necessity of an aggravated search for alternative
strategies. In this regard, the adjunct potential of yoga has been proposed for
enhancing the effectiveness of the standard of care with respect to COVID-19
management. We tested whether a telemodel of yoga intervention could aid
in better clinical management for hospitalized patients with mild-to-moderate
COVID-19 when complemented with the standard of care.

Methods: This was a randomized controlled trial conducted at the Narayana
Hrudyalaya, Bengaluru, India, on hospitalized patients with mild-to-moderate
COVID-19 infection enrolled between 31 May and 22 July 2021. The patients (n
= 225) were randomized in a 1:1 ratio [adjunct tele-yoga (n = 113) or standard
of care]. The adjunct yoga group received intervention in tele-mode within 4-h
post-randomization until 14 days along with the standard of care. The primary
outcome was the clinical status on day 14 post-randomization, assessed with
a seven-category ordinal scale. The secondary outcome set included scores on
the COVID Outcomes Scale on day 7, follow-up for clinical status and all-cause
mortality on day 28, post-randomization, duration of days at the hospital, 5th-day
changes post-randomization for viral load expressed as cyclic threshold (Ct), and
inflammatory markers and perceived stress scores on day 14.

Results: As compared with the standard of care alone, the proportional odds of
having a higher score on the 7-point ordinal scale on day 14 were ~1.8 for the
adjunct tele-yoga group (OR = 1.83, 95% Cl, 1.11-3.03). On day 5, there were
significant reductions in CRP (P = 0.001) and LDH levels (P = 0.029) in the adjunct
yoga group compared to the standard of care alone. CRP reduction was also
observed as a potential mediator for the yoga-induced improvement of clinical
outcomes. The Kaplan—Meier estimate of all-cause mortality on day 28 was the
adjusted hazard ratio (HR) of 0.26 (95% Cl, 0.05-1.30).

Conclusion: The observed 1.8-fold improvement in the clinical status on day
14 of patients of COVID-19 with adjunct use of tele-yoga contests its use as a
complementary treatment in hospital settings.

KEYWORDS

tele-yoga, COVID-19, hospitalized patients, clinical status, India
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Introduction

The rapid global spread of the coronavirus-related pneumonia
outbreak, which was described first in December 2019, led
to the evolution of one of the most extensive pandemics
in human history so far (1-3). Although the mainstay of
treatment for patients with COVID-19 pneumonia remains
symptomatic and supportive care (4-6), the devastating impact
of the pandemic led to a parallel unprecedented quest of
identifying new and/or repurposed pharmacological treatments
(5-10). Unfortunately, the initial indications from these studies
were disappointing, which aggravated the search for strategies
based on complementary and alternative medicine (5-11). Amid
this uncertainty, several key clinicians and scientists identified
and proposed the adjunct potential of yoga for enhancing the
effectiveness of standard of care with respect to COVID-19
management in acute settings (12). The authors emphasized the
relevance of certain practices of yoga and meditation in helping
reduce the severity of COVID-19, including its collateral effects
and sequelae (12), further underlining the immunomodulatory,
anti-inflammatory, and stress modulatory potential of yoga (13-
15). This notion was further strengthened by the findings of a
preliminary report wherein tele-yoga intervention was reported
to be safe, feasible, and useful in improving individual wellbeing
and reducing stress (16). However, the long duration of direct
exposure to patients during routinely delivered yoga interventions
outweighs the benefit-to-risk ratio of physically delivered yoga
interventions. Hence, we deemed the tele-mode of delivering
the intervention as a viable and safer option for acute care
in hospital settings. With the given background, this clinical
trial was conducted to address the necessity of testing the
effectiveness of tele-yoga as an adjunct to the standard of
care in improving the clinical outcomes for adults hospitalized
with COVID-19.

Design and amendments

The protocol was approved by the Institutional Ethics
Committee of Narayana Health City and conducted in compliance
with the Declaration of Helsinki. The study protocol was
approved for funding by the Department of Science and
Technology, Government of India. All patients or legally
authorized representatives provided written informed consent.
Given the uncertainty in the recruitment and random allocation
of the study subjects in chaotic hospital settings amid the
pandemic, the trial was initially planned as a non-randomized
clinical trial wherein an integrative yoga-based supportive care
was planned to be administrated as an adjunct intervention
for hospitalized patients with COVID-19. However, the protocol
was amended on 14 May 2020, based on the emerging
feasibility of conducting the randomization trial as emphasized
by the clinicians due to the superior design of randomized
vs. non-randomized trials. The study was registered at the
clinical trial registry of India (CTRI/2020/09/027915, registered
on 21/09/2020).
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Participants

Given a significant proportion of the requirement for timely
hospitalization and management of patients with COVID-19, we
recruited hospitalized patients with COVID-19 in this trial. Patients
with mild and moderate COVID-19 were referred and managed
at the Mazumdar Shaw Medical Center, Narayana Hrudyalaya,
Bengaluru, India. SARS-CoV-2 cases, confirmed by polymerase
chain reaction (PCR), were included as mild or moderate according
to FDA guidance with the following eight symptoms: (17) fever,
cough, sore throat, malaise, headache, muscle pain, gastrointestinal
symptoms, and shortness of breath with exertion. Detailed
eligibility criteria are listed below:

Inclusion criteria
The inclusion criteria are as follows:

e Age 18-60 years old, both genders.

e Willing and able to provide written informed consent prior to
performing study procedures.

e Oxygen saturation measured by pulse oximetry (SpO;) >
90% on room air at sea level/with oxygen supplement non-
invasively and not requiring intubation (18). The moderate
disease definition was based on the SpO, > 90% and
respiratory rate (RR) between 15 and 30/min.

e SARS-CoV-2 infection confirmed by PCR test < 4 days
before randomization.

Exclusion criteria
The exclusion criteria are as follows:

e Breastfeeding and pregnant patients were excluded based on
their declaration and pregnancy test results when required.

e Patients with SpO, < 90% on room air, a ratio of arterial
partial pressure of oxygen to the fraction of inspired oxygen
(PaOy/FiO;) < 300mm Hg, a respiratory rate of >30
breaths/min, or lung infiltrates of >50%.

e Patients diagnosed with critical COVID-19: respiratory
failure, septic shock, and/or multiple organ dysfunction
(MOD) or failure (MOF).

e Already enrolled in another COVID-19 trial or currently on
any physiotherapy-based interventions.

e Unable to provide informed consent (e.g., moderate-severe
dementia diagnosis).

e Those with more than 4L per minute of supplemental
oxygen (19).

Outcomes
We used the seven-category ordinal scale that has been used

in different COVID-19 therapeutic trials (7, 20). The primary
outcome was the clinical status on day 14 post-randomization,
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assessed with a seven-category ordinal scale (the COVID Outcomes
Scale) recommended by the World Health Organization (20). The
scale consisted of seven mutually exclusive categories: 1, death;
2, hospitalized, receiving extracorporeal membrane oxygenation
(ECMO) or invasive mechanical ventilation; 3, hospitalized,
receiving noninvasive mechanical ventilation or nasal high-flow
oxygen therapy; 4, hospitalized, receiving supplemental oxygen
without positive pressure or high flow; 5, hospitalized, not
receiving supplemental oxygen; 6, not hospitalized and unable to
perform normal activities; and 7, not hospitalized and able to
perform normal activities. To distinguish between categories 6
and 7, study personnel assessed the patient’s performance of usual
activities with questions consistent with validated health status
measures (21).

All the patients provided written or electronic informed
consent before randomization. The secondary outcome set
included the following: scores on the COVID Outcomes Scale
on day 7, follow-up for clinical status and all-cause mortality
on the 28th-day post-randomization, duration of days at
the hospital, 5th-day changes post-randomization for viral
load expressed as cyclic threshold (Ct), and inflammatory
markers and perceived stress scores on day 14. Other auxiliary
markers were HbAlc, blood hemogram, and kidney function
markers. All protocol amendments were authorized and
approved by the institutional review board or independent
ethics committee.

Clinical and laboratory monitoring

Assessments

Data were collected daily, from randomization until day 28,
in the patient proforma. For patients who were discharged before
day 7, structured telephone calls were made to the patient or the
family on days 7, 14, and 28 by an interviewer who was unaware
of the assigned trial group to assess the vital status and return to
routine activities. All samples were processed by PCR for genes
N and E of SARS-CoV-2. Demographic, clinical, laboratory, and
radiology data from patients’ medical records were collected by
the research team. The data were evaluated by a trained team of
physicians. The date of disease onset was defined as the day when
the symptom was noticed. Data on symptoms, vital signs, and
laboratory values on biomarkers of disease progression, biomarkers
[C-reactive protein (CRP), D-dimer, interleukin 6 (IL-6), ferritin,
and lactate dehydrogenase (LDH)], and treatment measures during
the hospital stay were collected. Patient assessments included
physical examination, respiratory status (respiratory rate, type of
oxygen supplementation, and blood oxygen saturation), adverse
events, and concomitant medications. Blood-based investigations
were done on days 1 and 5 post-randomization/hospitalization as
per the routine analysis regime followed in the hospital settings.
These investigations included measurement of blood cell counts,
serum creatinine, glucose, total bilirubin, liver transaminases, and
inflammatory biomarkers. Perceived stress was assessed using the
Perceived Stress Scale 10 (PSS-10) (22). Site investigators assessed
clinical status daily from days 1 to 14 or hospital discharge on a
7-point ordinal scale. The clinical status and mortality outcomes
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on the 28th day were assessed telephonically. In case of over
a day change in the scores observed for the clinical status,
worse scores of the hospitalized patients were documented. Final
assessments on clinical status were done on day 28 personally for
hospitalized patients or through telephonic interviews for already
discharged patients.

Intervention

We built a yoga protocol adjusted to isolated patients and
staff, including delivery through tele-(videos) and in-person
intervention. The recorded videos were used for the asynchronous
delivery of tele-intervention. Instructional short videos were
prepared in different languages constituting the intervention.
While these videos were self-explanatory, yoga was delivered as
supervised sessions with modules presented as recorded videos
supervised by trained yoga therapists along with the distribution of
practical training materials including both audio and video inputs.
On day 1, the hands-on intervention was carried out in the COVID-
19 wards through teams of certified yoga therapists in personal
protective suites, within 4h of randomization. The intervention
was further continued in the hospital settings using tele-mode until
discharge day using tele-(videos) along with facilitation through the
physical presence of an instructor. The intervention was delivered
daily two times for a duration of 10 min. For those who were
discharged before 14 days post-randomization, tele-yoga sessions
were continued from their home settings. Typical morning sessions
were of 15-min duration and included flexibility exercises [hands
in and out breathing (2min), hands stretch breathing (2 min),
and shoulder rotation (2 min) as part of their regular warm up].
These exercises were followed by quick relaxation and subsequent
8 min of pranayama (breathing exercises), consisting of abdominal
breathing (3 min), alternate nostril breathing or Nadishuddhi
pranayama (3min), and Bhramari pranayama (2min). These
practices have been reported to have effects on the strengthening
of the respiratory muscles, and respiratory function, including the
development of awareness of expansion and contraction of the
airways and continuous and rhythmic breathing, which has been
reported to aid in thorough oxygenation of the lungs and reduce
inflammation. The practice sessions ended with guided relaxation
of 2 min with a resolve. Evening sessions were 10 min and focused
on the aforementioned breathing exercises and concluded with
guided meditation.

Clinical guidelines were followed up for treating patients
via tele-yoga and hands-on techniques in cooperation with
the medical heads of departments. The instructor or therapist
monitored and ensured that the practices were done as per
the module protocol and corrected the patients along with the
doubt clarifications.

Standard of care
The standard of care was based on the recommendations of

the Indian Council of Medical Research, which was updated as per
the evolving evidence generated in drug trials and international
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consensus guidelines (23, 24). Overall, it included antibiotic
agents, antiviral agents, corticosteroids, vasopressor support, and
anticoagulants at the discretion of the clinicians.

Randomization

Randomization was done in permuted blocks of four in
sequences created by the unblinded research staff in Microsoft
Excel version 19.0 who provided masked allotment to the yoga
trainers. Owing to the nature of the intervention, blinding
was not possible, but outcome measures were blinded for the
randomization groups. Eligible patients were randomly assigned
in a 1:1 ratio to receive either standard of care or adjunct
yoga. Allocation assignment was concealed from investigators
and patients.

Statistical analysis

Sample size calculation

The sample size of 230 patients with a 1:1 randomization
of adjunct tele-yoga to the standard of care provides ~80%
power to detect a 15% difference between treatment groups in
time cumulative hospital discharge (i.e., with or without limiting
abilities) rates of 80% in the adjunct tele-yoga group and 75%
in the standard of care group, on day 14, using a two-sided 5%
alpha. Analysis was performed with SPSS version 23 [IBM Corp.,
(N.Y., USA)].

The trial was analyzed by comparing patients randomized to
adjunct tele-yoga vs. those randomized to standard of care, with
the placebo group serving as the referent. The primary outcome
was analyzed with a multivariable proportional odds model
adjusted with age, sex, and comorbidities. Further adjustments with
baseline (pre-randomization) COVID Outcomes Scale category
and duration of acute respiratory symptoms are reported as post-
hoc analysis. The results are presented with corresponding 95%
confidence intervals. As mentioned earlier, for patients who were
discharged prior to 7 days after randomization, primary outcome
ascertainment was completed by telephone calls. Patients who
could not be reached by telephone for the primary outcome
assessment on days 7, 14, or 28 had the COVID Outcomes Scale
score carried forward from the last outcome follow-up call if such
a call was successfully completed or had a category 6 score (not
hospitalized and unable to perform normal activities) imputed if no
prior follow-up calls were successfully completed (8). For patients
who remained hospitalized 14 days after randomization, primary
outcome ascertainment was completed by a review of the medical
records. Given the deviation from normality for the study variables,
analysis of covariance was done using the rank transformation
to study the influence of adjunct tele-yoga intervention on
biomarker levels. A p-value of <0.05 was considered to indicate
significant differences.

The heterogeneity of treatment effect by prespecified baseline
characteristics was evaluated by adding an interaction term
between randomized group assignment and the baseline

characteristic of interest in the primary model. Baseline
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characteristics evaluated in the heterogeneity of treatment
effect analyses included baseline COVID Outcomes Scale category,
and duration of symptoms prior to randomization, age, sex,
and race/ethnicity.

All-cause mortality was estimated using the Kaplan-Meier
product limit method. The adjunct tele-yoga group was compared
with the standard of care group using the log-rank test, and the
mean estimates and 95% Cls were provided.

We also used the paramed command in SPSS to perform
mediation analysis by fitting a linear regression model to the
outcomes with yoga treatment, and the mediators included were
the covariates. We applied the causal mediation method, to
investigate whether biomarkers could be a causal pathway between
intervention and the outcome. Regression models were fitted to the
mediators with treatments included as covariates.

Post-hoc analyses

We also conducted sensitivity analyses of the primary endpoint
adjusting for the day 1 clinical score and duration of symptoms. In
addition, given the imbalance in the proportion of breathlessness
at the baseline, we further analyzed the primary outcome with
breathlessness prevalence as a covariate in the ordinal regression
model. We also performed a post-hoc analysis that was stratified
by CRP and LDH levels. We also calculated and compared the
proportions of patients with a one-point or greater improvement,
no change, or worsening of clinical status on days 7, 14,
and 28.

Results

During the 60 days enrollment period (31 May and 22 July
2021), 326 patients were screened, 66 (20.24%) patients were
excluded for being hospitalized for more than 48h at the time
of screening, and 24 (7.36%) had tested negative for RT-PCR on
day 0 (baseline) for COVID-19. Furthermore, 11 eligible patients
refused to participate (2.76%) (see Figure 1). Hence, out of 326
eligible patients, 225 could be randomized, 113 were randomized
to the adjunct tele-yoga, and 112 were randomized to the standard
of care group. The last outcome assessment was on 31 July 2021.
Demographics and baseline disease characteristics of participants
in both groups are presented in Table 1. Overall, the median age of
the participants was 43 years (IQR, 35-53 years), 54.67% were male
subjects, 37.78% had diabetes, 20.89% had hypertension, and 6.67%
had coronary artery disease. There was an equal distribution of
age, gender, and days before the onset of symptoms, comorbidities,
and inflammatory markers between the study arms (Table I;
Supplementary Table S2). Overall, at baseline, 70.22% of patients
presented with perceived or objective fever, 72.44% presented with
cough, 12.44% presented with a sore throat, 25.33% presented
with headache, and 50.72% presented with breathlessness. Other
than the prevalence of breathlessness (P = 0.006), there were
no remarkable differences between groups with respect to the
distribution of covariates. The median duration of symptoms prior
to randomization was 3 days (IQR, 2-4 days) in both groups. There
were no differences in either vital signs or full blood count between
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Trial profile.
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the groups (Supplementary Table S2). Of the 113 patients in the
adjunct yoga group, 29 (76%) were discharged before 7 days post-
randomization and thus continued with tele-yoga sessions until the
14th day.

Primary outcome

For the analysis of outcomes, 113 and 112 patients were
included for the adjunct tele-yoga and the standard of care groups,
respectively; the analysis was by the originally assigned groups. The
primary outcome (status on the 7-point ordinal scale on day 14)
was assessed in all patients who were still hospitalized on day 14 or
who were telephonically interviewed after being discharged from
the hospital. The distribution of patients’ scores on the seven-level
ordinal scale at 14 days is shown in Figure 2. Patients randomized
to the adjunct tele-yoga group had significantly higher odds of
a better clinical status distribution on the 7-point ordinal scale
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compared with those randomized to standard care (odds ratio, 1.83,
95% CI = 1.11-3.03) (Figure 2). The model was adjusted for age,
sex, and comorbidities. Sensitivity analyses of the primary endpoint
adjusting for day 1 clinical status score and symptom duration
using the intention-to-treat population produced no significant
difference (Supplementary Table S3). Given the imbalance in the
baseline distribution, we additionally adjusted the model for
the prevalence of breathlessness, which did not lead to any
significant reduction in effect size (Supplementary Table S3) (odds
ratio, 1.84, 95% CI = 1.09-3.12). The results for the primary
outcome were not different across the prespecified subgroups
(Supplementary Table S4).

Secondary outcomes

There were significant differences between the adjunct tele-
yoga and standard care groups in terms of improvement in
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Variable Overall (n = 225) Tele—yoga (n = Control (n = 112)

113)
Age, median IQR 43 (35-53) 42 (35-53.5) 43 (36-52) 0.657
Sex
Female 102 (45.33) 51 (45.13) 51 (45.54) 1.00
Male 123 (54.67) 62 (54.87) 61 (54.46)
Coexisting conditions
Hypertension, n (%) 47 (20.89) 21 (18.58) 26 (23.21) 0.416
Diabetes, n (%) 85 (37.78) 42 (37.17) 43 (38.39) 0.891
Coronary artery disease, 1 (%) 15 (6.67) 5(4.43) 10 (8.93) 0.193
Hypothyroidism, 7 (%) 25 (11.11) 14 (12.39) 11(9.82) 0.672
COPD, n (%) 3(1.33) 3(2.65) 0(0) 0.222
Asthma, 1 (%) 2(0.89) 0 2(1.80) 0.244
Symptoms
Fever/chills, n (%) 158 (70.22) 73 (64.61) 85 (75.89) 0.080
Cough, 7 (%) 163 (72.44) 82 (72.57) 81(72.32) 1.000
Sore throat, 1 (%) 28 (12.44) 16 (14.16) 12 (10.71) 0.545
Nausea/vomiting, n (%) 13 (5.78) 7(6.19) 6 (5.36) 1.000
General weakness, 1 (%) 92 (40.89) 48 (42.48) 44 (39.28) 0.685
Breathlessness, 1 (%) 105 (50.72) 44 (41.90) 61 (59.80) 0.006**
Headache, n (%) 57 (25.33) 34 (30.09) 23 (20.54) 0.125
Diarrhea , n (%) 11 (5.31) 4(3.81) 7 (6.86) NS
Previous medication use—no. (%)
Glucocorticoid 7(3.03) 5(4.35) 2(1.67) NS
ACE inhibitor 12 (5.19) 7(6.19) 5 (4.46) NS
Angiotensin II-receptor antagonist 8 (3.46) 3(2.61) 5(4.35) NS
Baseline ordinal COVID outcome score—no. (%)
3. Hospitalized, not receiving supplemental oxygen 92 (40.89) 54 (47.79) 38(33.93) 0.60
4. Hospitalized, receiving supplemental oxygen without positive 125 (55.56) 57 (50.44) 68 (60.71)
pressure or high flow; requiring low-flow supplemental oxygen
5. Hospitalized, receiving non-invasive ventilation or high-flow 8 (3.56) 2(1.77) 6 (5.36)
nasal cannula
Ct value 28.00 (22.5-32.00) 27.00 (22.50-30.00) 28.0 (22.50-33.00) 0.125
Inflammatory markers
C-reactive protein, mg/l 24.82 (8.09-63.67) 28.16 (8.43-65.46) 26.71 (8.47-67.40) 0.854
Ferritin, ng/ml 196 (81.85-421) 179 (82.30-404.50) 203 (77.40-441) 0.616
D-dimer, ng/ml 167 (94.00-242.00) 170 (94-245) 179 (95-250) 0.953
LDH, U/1 302 (241-392) 296 (226.50-355) 319 (248-436.94) 0.057
IL-6, mg/dl 37.65 (11.27-80.02) 31.89 (11.93-79.99) 39.76 (10.21-76.15) 0.808
Haemogram
Hemoglobin (g/dl) 13.50 (12.20-14.60) 13.6 (12.10-14.70) 13.2 (12.20-14.45) 0.406
ALC (x10°/L) 1.27 (0.87-1.92) 1.21 (0.84-1.86) 1.34 (0.88-1.95) 0.472
AMC (x10°/L) 0.46 (0.29-0.74) 0.45 (0.28-0.72) 0.50 (0.32-0.77) 0.343
ANC (x10°/L) 4.23 (2.85-6.71) 4.17 (2.91-6.64) 4.39 (2.73-6.83) 0.606
PSS 19 (15-24) 20 (16-25) 19 (13.25-23) 0.023*

For continuous variables, median and interquartile range (IQR) have been presented due to the non-normality of the data. Correspondingly, Mann-Whitney tests were used to assess whether
differences between the study groups were statistically significant. For categorical variables, chi-square/Fisher’s exact tests were used to check whether there was any association between the
groups. Ct, cyclic threshold value; ALC, absolute lymphocyte count; AMC, absolute monocyte count; ANC, absolute neutrophil count; PSS, Perceived Stress Scale. *P < 0.05; **P < 0.001; NS,

Not significant.
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FIGURE 2

was considered significant.

Clinical status on the coronavirus disease (COVID) outcomes scale 14 days. The primary outcome was assessed in all patients who were still in the
hospital on day 14 exactly and in outpatients (by means of telephonic interview) as close to day 14 as possible. OR—odds ratio was derived from the
multivariable proportional odds model adjusted for baseline age, sex, and comorbidities (diabetes, hypertension, and hypothyroid). P-value <0.05

clinical status on the 7th day (partially adjusted for age odds
ratio, 3.61; 95% CI, 2.11-6.05; P < 0.001), but the follow-up
outcome on 28th day was not significant (adjusted odds ratio,
1.70% CI = 1.03-3.44) (Supplementary Table S5). On day 5,
there were significant reductions in CRP (p = 0.001) and LDH
levels (P = 0.029) in the adjunct yoga group compared to the
standard of care alone (Figure 3; Supplementary Table S6). There
were no significant differences between the treatment groups in
the duration of hospitalization, viral load (cyclic threshold values),
and other markers of inflammation such as ferritin and D-dimer
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(Figure 3). The Kaplan-Meier estimates of all-cause mortality on
day 28 were 1.80 vs. 5.40% for the standard of care [log-rank
P-value = 0.144; adjusted hazard ratio (HR), 0.26; 95% CI, 0.05-
1.30] (Supplementary Figure S1).

Exploratory outcomes
Since we could establish significant reductions in CRP and

LDH on day 5 from post-randomization in the adjunct yoga
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FIGURE 3
Biomarker levels on day 5 post-randomization. Changes in the biomarkers on day 5 were analyzed with respect to the baseline values. Analysis of
covariance was done using the rank transformation to study the influence of adjunct tele-yoga intervention on biomarker levels. *Indicates
P-value <0.05.

group compared to the standard of care group alone, we
further tested for their mediating effects on the intervention
(Table 2). The analyses indicated CRP as a potential mechanistic
mediator of adjunct yoga on the improved clinical status on
the 14th day post-intervention. There were also differences
between proportions of subjects with at least 1 unit change
in outcomes on day 7 from baseline between adjunct tele-
yoga as compared to the standard of care groups. However,
the distributions were not different for days 14 and 28
(Supplementary Figure S2).

Adverse effects

None of the eight deaths through day 28 [five (1%) in the
standard of care, and three (2%) in the adjunct tele-yoga group]
occurred in the patients with COVID-19 could be attributed to the
tele-yoga intervention (Supplementary Table S7). In the tele-yoga
group, the extension of hospitalization was 10.62%, whereas in the
standard of care alone it was (21) 18.75%. Single cases of sinus
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tachycardia and pulmonary embolism were observed in the yoga
group as compared to no cases in the standard of care.

Discussion

This study is a pioneer clinical trial that investigated the short-
term acute interventional benefits of adjunct tele-yoga practice for
the clinical management of hospitalized patients with COVID-
19. We could establish a ~1.9-fold improvement in the clinical
status on the 14th day, in hospitalized patients with mild and
moderate COVID-19 (odds ratio = 1.83, 95% CI = 1.11-3.03) as
compared to those with the only standard of care. The odds of
improvement with yoga intervention were higher on the 7th day
(odds ratio = 3.61, 95% CI = 2.13-6.10). However, the effectiveness
of the intervention was not found to be sustained at the 28th-day
follow-up (odds ratio 1.70, 95% CI = 0.97-2.99, P = 0.07). Since
patients had several coexisting diseases and were subjected to a
diverse medication regimen, the complementary effects of tele-yoga
could have been influenced by the heterogeneity of the sample and
its treatment. However, when analyzed in the post-hoc subgroup
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TABLE 2 Indirect, direct, and total effects of the mediation models on
COVID-19 outcomes at 14-day post-randomization.

Effect size Proportion
mediated
Direct effect of the adjunct 0.41 (0.03-0.78) -
tele-yoga vs. standard of
care adjunct yoga
Total effect of the model 0.54 (0.17-0.91) -
Indirect (mediating) effects
LDH —0.01 (—0.10 to 0.04) Not significant
CRP 0.06 (0.05-0.16)* 11.11%

LDH, lactate dehydrogenase; CRP, C-reactive protein. *P < 0.05.

Direct effect measures the direct influence of the intervention on the primary outcome that
is not mediated by other variables in the model. An indirect or mediated effect expresses the
portion of the intervention effect that is mediated through a specific mediator. The total effect
is the sum of the direct and indirect effects of the BFY and mediators on the study outcomes.

analysis, adjunct yoga was found to be effective across all the strata
of covariates. Concerning the influence of the intervention on
mortality-related outcomes, no benefit could be observed for the
adjunct yoga intervention with respect to mortality (hazards ratio
=0.26;95% CI, 0.05-1.30). However, we could establish support for
the primary endpoints with the observed secondary improvement
in crucial biomarkers in the tele-yoga group compared to the
standard of care on 5th-day post-randomization, CRP (P = 0.001)
and LDH (P = 0.029). Both CRP and LDH have been reported
as prognostic markers of deterioration in patients with COVID-
19 including mild/non-severe cases as well (25, 26). We could
also establish a mediation effect of CRP modulation underlying
the effectiveness of tele-yoga intervention (~11% proportion
mediation on the observed improved outcome of clinical status
on day 14). This inflammation-reducing effect of yoga well-aligns
with the physiological modulation of vagal tone, one of the
widely reported effects of yoga and meditation (12, 13). The anti-
inflammatory potential of yoga could serve as a step forward in
the fight against other serious forms of infectious diseases with a
dominant inflammatory component, as proposed for malaria, HIV/
AIDS, and SARS, among others. However, there was no significant
modulating influence of the adjunct yoga intervention observed on
other prognostic markers of COVID-19, in particular D-dimer and
ferritin levels, which could be explained by their not so deregulated
status at the baseline (D-dimer, median = 167 ng/ml (IQR, 94.00-
242.00), and Ferritin levels, median = 196 ng/ml (IQR, 81.85-421).

We could not observe a significant effect of adjunct tele-yoga on
the Perceived Stress Scale in patients with COVID-19 (P = 0.69).
We speculate that the failure to obtain the desired effect on stress
and several other variables could be due to the primarily virtual
mode of the delivery of the intervention and the short duration
of the intervention. However, the beneficial clinical outcomes
observed in the study hold special significance in the present era
with reemerging and recurring viral infections (27, 28). Overall, the
findings of this study support the exploratory notions of several
researchers and clinicians that certain meditation, yoga asana
(postures), and pranayama (breathing) practices may be effective
adjunctive means of treating SARS-CoV-2 infection (12). The
findings also pave the foundation for the clinical implementation
of tele-yoga-based adjunct interventions in hospital settings for
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the management of infectious diseases. A previous study on
yoga had also reported it to be effective as an adjunct to
anti-tuberculosis treatment (ATT) in patients with pulmonary
tuberculosis by reducing the symptom scores, sputum conversion
on microscopy, and improvement in the lung capacity and
radiographic pictures (29).

This clinical exploration is one of the earliest to be reported
among several other concomitant attempts to establish the efficacy
of additional systems of medicine, against the combat of COVID-
19, as evidenced by 67 such registered trials in the Clinical
Trial Registry of India (CTRI) (30). Hence, given the lack of
available findings from clinical trials on COVID-19 and yoga-based
interventions, the findings of this trial could not be presented
with comparisons.

The study has several strengths. One of the strengths of
the study is the inclusion of WHO criteria for assessing the
benefit on clinical status for patients hospitalized with mild
and moderate COVID-19. This is the first report wherein yoga-
based intervention was provided in a tele-mode to patients
with COVID-19. This was done to prevent healthcare employees
from being infected. Importantly, the trial included inflammatory
markers as study outcomes, wherein an anti-inflammatory
mediating influence of yoga intervention could be established
to improve the outcomes of hospitalized patients with mild-
to-moderate COVID-19. A key feature of the trial was the
early implementation of treatment within 7 days of symptom
onset (median duration of 3 days) which has been considered
important for the treatment protocol, in particular antivirals such
as remdesivir.

The trial was limited to hospitalized patients with COVID-
19 which restricts the generalizability of the findings to other
populations involving home-based care. The intervention duration
was limited to 14 days, and assessments were limited to 28 days
follow-up; however, the continued intervention could have led
to sustained positive effects with respect to late complications of
COVID-19. Reporting long-term outcomes of trial participants
should have been considered. Given the nature of the intervention,
the study used an open-label design, which could have led
to biases in patient care and reporting of data. Due to
logistic challenges, the laboratory-based parameters could not be
collected on the prespecified 14th day time point. There was
also an imbalance in the baseline distribution of the covariate,
breathlessness, indicating differences in the severity status of the
subjects between groups. However, we confirmed the robustness
of the primary outcome with a post-hoc analysis adjusting
for the baseline distribution of the covariate in the ordinal
regression model.

Overall, we could observe clinically relevant effects among
COVID-19,
contesting the use of tele-yoga as a complementary treatment

hospitalized patients with  mild-to-moderate

for patients with this disease. However, the positive signal found in
this small-scale trial warrants the conduction of larger trials using
tele-yoga for the treatment of COVID-19.
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visceral adiposity index and
atherogenic index of plasma of
all-cause and cardiovascular
disease mortality in middle-aged
and elderly Lithuanian population
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Daina Kranciukaite-Butylkiniene'**, Ricardas Radisauskas®?,
Diana Sopagiene* and Martin Bobak®
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2Department of Environmental and Occupational Medicine, Medical Academy, Lithuanian University of
Health Sciences, Kaunas, Lithuania, *Department of Family Medicine, Medical Academy, Lithuanian
University of Health Sciences, Kaunas, Lithuania, *Department of Radiology, Medical Academy,
Lithuanian University of Health Sciences, Kaunas, Lithuania, °Institute of Epidemiology and Health Care,
University College London, London, United Kingdom

Background: Two indices: visceral adiposity index (VAI) and atherogenic index of
plasma (AIP) during several recent years were implemented into epidemiological
studies for predicting of cardiovascular diseases (CVD) and mortality risk. Our study
aimed to evaluate the association of VAl and AIP with the risk of all-cause and CVD
mortality among the Lithuanian urban population aged 45-72 years.

Methods: In the baseline survey (2006—2008), 7,115 men and women 45-72
years of age were examined within the framework of the international study
Health, Alcohol and Psychosocial Factors in Eastern Europe (HAPIEE). Six thousand
six hundred and seventy-one participants (3,663 women and 3,008 men) were
available for statistical analysis (after excluding 429 respondents with the missed
information on study variables) and for them, VAl and AIP were calculated.
The questionnaire evaluated lifestyle behaviors, including smoking and physical
activity. All participants in the baseline survey were followed up for all-cause and
CVD mortality events until December 31st, 2020. Multivariable Cox regression
models were applied for statistical data analysis.

Results: After accounting for several potential confounders, higher levels of VAI
(compared 5th quintile to 1st quintile) were associated with significantly higher
CVD mortality in men [Hazards ratio (HR) = 1.38] and all-cause mortality in women
(HR = 1.54) after 10-year follow-up. CVD mortality significantly increased in
men with O the highest AIP quintile compared with that for the lowest quintile
(HR = 1.40). In women, all-cause mortality was significantly higher for the 4th
quintile of AIP as compared with the 1st quintile (HR = 1.36).

Conclusions: High-risk VAl levels were statistically significantly associated with
all-cause mortality risk in men and women groups. The higher AIP level (5th
quintile vs. 1st quintile—in men and 4th quintile vs. 1st quintile—in women) was
significantly associated with increased mortality from CVD in the men group and
increased all-cause mortality in the women group.

KEYWORDS

visceral adiposity index, atherogenic index of plasma, cardiovascular diseases, mortality,
gender
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1. Background

Cardiovascular diseases (CVD) are the leading cause of death in
most countries of Europe and other regions of the World (1, 2). The
mortality from diseases of the circulatory system in a population
aged 0-64 years in Lithuania during the period 2001-2016 has
been decreasing from 131 to 103 cases per 100,000 population
(1). Both increasing and decreasing trends of CVD morbidity
and mortality indicators in the population are closely related to
changes in the prevalence of biological and lifestyle risk factors
such as arterial hypertension, smoking, hyperlipidaemia, physical
inactivity, overweight and obesity, and other factors (3-6). Obesity
is well-known and highly prevalent in most regions of Europe risk
factor for CVD (7). In Lithuania, the prevalence of obesity during
the period from 1999 to 2009 increased by 4.2% in men aged over
20 years (from 26.1 to 27.2%) and by 1.9% in women (from 26.1 to
26.3%). In 2030, the obesity prevalence in Lithuania maybe 35.7%
in men and 36.0% in women (7). Body mass index (BMI) is the most
widely used measure of obesity both in epidemiological studies
of chronic non-communicable diseases and in clinical practice.
However, BMI similar to waist circumference (WC), and another
simple anthropometric measurement, cannot measure visceral and
subcutaneous fat levels. It is demonstrated that visceral adipose and
subcutaneous adipose tissues are related to the risk of CVD (8).
The level of visceral adipose tissue and subcutaneous abdominal
fat could be very precisely evaluated using magnetic resonance
imaging (MRI) or computed tomography (CT), but these methods
are very expensive to be applied in epidemiological studies of
CVD or even in the practice of family doctors (9). Amato et al. a
decade ago identified the visceral adiposity index (VAI) (10) which
is calculated using a mathematical model and evaluates the level
of visceral adipose tissue. The model uses both anthropometric
(BMI and WC) and lipid parameters [triglyceride and high-density
lipoprotein (HDL) cholesterol concentrations]. This index is also
gender-specific: calculated separately for men and women using in
the model different coefficients.

The atherogenic index of plasma (AIP) is another index quite
recently been implemented in some epidemiologic studies of CVD
(11-13). AIP is a logarithmic conversion of triglycerides into HDL
cholesterol ratio, which as results of some epidemiological studies
show is a stronger predictor of CVD risk as compared to individual
lipid risk factors [total cholesterol, triglycerides, HDL cholesterol,
and low-density lipoprotein (LDL) cholesterol] (14-16).

The association between individual lipid risk factors,
overweight, and obesity same as some individual anthropometric
measurements with risk of CVD incidence and mortality in the
Lithuanian population was quite intensively studied, analyzed,

Abbreviations: AIP, Atherogenic index of plasma; BMI, Body mass index; BP,
Blood pressure; CAD, Coronary artery disease; CHD, Coronary heart
Confidence interval;
ECG,

HR, Hazards ratio;

disease; ClI, CT, Computed tomography; CVD,

Cardiovascular disease; Electrocardiogram; HDL,
ICD-10,

diseases, 10th Edition; LDL, Low-density lipoprotein; MC, Minnesota codes;

High-density
lipoprotein; International classification of
MI, Myocardial infarction; MRI, Magnetic resonance imaging; SD, Standard
deviation; VAI, Visceral adiposity index; VAT, Visceral adipose tissue; WC,

waist circumference.
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and presented (17-19). But to the best of our knowledge, no study
assessing the association between VAI and AIP with risk of all-cause
and CVD mortality not only in the Lithuanian population but also
in populations in other Baltic Sea countries: Latvia and Estonia.
Therefore, our cohort study aimed to evaluate the association of
VAI and AIP with the risk of all-cause and CVD mortality among
the Lithuanian urban population aged 45-72 years.

2. Materials and methods

2.1. Study sample

This prospective cohort study was performed as part of the
international project Health, Alcohol and Psychosocial Factors in
Eastern Europe (HAPIEE) (20). The baseline survey was carried out
(during 2006-2008) on Kaunas city (Lithuania) men and women
aged 45-72 years. The study sample of 10,980 individuals, stratified
by gender and age group, was randomly selected from the National
population register. Seven thousand one hundred and fifteen
individuals responded to the invitation to participate in the baseline
survey (the response rate was 65%). All participants in the baseline
survey follow-up for all-cause and CVD mortality events until
December 31st, 2020. A total of 6,671 participants (3,663 women
and 3,008 men) were available for statistical analysis after excluding
429 respondents with the missed information on study variables.
Exclusion criteria: respondents for whom the nurses could not take
ablood sample; respondents who refused to give blood for tests, and
respondents who did not fill in the questionnaires correctly. The
study was approved by the Kaunas Regional Biomedical Research
Ethics Committee, Lithuania (11 January 2005; No. 05/09) and by
the Ethics Committee at University College London, UK. Written
informed consent was obtained from all study participants.

2.2. Variables determined using a standard
questionnaire

Sociodemographic factors (age and education), lifestyle factors
(smoking habits and physical activity), angina pectoris, and the
history of CVD [previous coronary heart disease (CHD) and
stroke] were determined at the baseline survey using a standard
questionnaire. The reliability and validity of the questionnaire were
checked during a pilot study.

The education of the participants was categorized into 2 groups:
(1) secondary, vocational, or lower education; (2) college and
university education.

Smoking habits were categorized as never smoking, former
smoking, and current regular smoking (regular smoking at least 1
cigarette per day).

The physical activity of the participants in their leisure time was
assessed using 5 questions in the standard questionnaire. Physical
activity was calculated by summarizing time spent per week during
leisure time separately in autumn-winter and spring-summer
seasons for activities such as walking, gardening, maintenance of
the house, and other physical activities. The participants were
divided into three equal groups (tertiles) according to their mean
length of time spent per week on physical activities. The first tertile
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TABLE 1 Visceral adiposity index (VAI) and atherogenic index of plasma (AIP) levels.

Mean (SD) Mean (SD)

VAI quintiles

Ist quintile 0.16 to 0.69 0.51 (0.12) 0.27 to 0.85 0.65 (0.14)
2nd quintile 0.69 to 1.03 0.85 (0.10) 0.85to 1.22 1.03 (0.11)
3rd quintile 1.03 to 1.44 1.22(0.12) 1.22t0 1.71 1.44 (0.14)
4th quintile 1.44t02.21 1.78 (0.23) 1.71 t0 2.57 2.08 (0.24)
5th quintile 2.21t019.3 3.68 (1.94) 2.57 t0 24.0 4.13 (2.03)
AIP quintiles

Lst quintile —0.87 to —0.27 —0.40 (0.11) —0.76 to —0.30 —0.42 (0.10)
2nd quintile —0.27 to —0.10 —0.18 (0.05) —0.30 to —0.15 —0.23 (0.04)
3rd quintile —0.10 to 0.04 —0.03 (0.04) —0.15 t0 0.01 —0.08 (0.04)
4th quintile 0.04 to 0.22 0.13 (0.05) 0.01 t0 0.16 0.07 (0.05)
5th quintile 0.22to 1.15 0.40 (0.16) 0.16 to 1.10 0.33 (0.15)

SD, standard deviation.

maximal cut-off was 10h per week. This cut-off was used for
determining of insufficient physical activity of study participants.

To assess the history of previous myocardial infarction of
the participants, 2 questions from the standard questionnaire
were asked: “Has a doctor ever told you that you have had a
myocardial infarction?” and “Has a doctor ever told you that you
have had a stroke?”. Angina pectoris was evaluated by G. Rose’s
questionnaire (21).

2.3. Anthropometric measurements

Height, weight, and WC were measured directly by trained
nurses. Weight was measured, with participants minimally clothed
without shoes, using medical scales. Weight values were recorded
to the nearest 100 g. The height of participants (without shoes) was
measured with an accuracy of one centimeter, using a stadiometer.
WC was measured at the midpoint between the lower rib and the
iliac crest over light clothing, using a tape meter. Measurements
of the WC were recorded to the nearest 0.5cm. BMI (kg/m?)
was calculated as weight (kg) divided by the square of the
height (m?).

2.4. Other clinical and laboratory
measurements

Blood pressure (BP) was measured three times with an
oscillometric device (Omron M5-1) after at least 5min of rest in
a seated position, and mean values of systolic BP and diastolic BP
were taken.

A resting electrocardiogram (ECG) was recorded in the 12
standard leads, with calibration of 10 mm per 1 mV and a paper
speed of 25mm per s. ECG records were read by 2 independent

Frontiersin Public Health

experienced coders (trained cardiologists) using the 1982 edition of
the Minnesota Code (MC) (22).

Blood samples were drawn for the measurement of total
cholesterol, HDL cholesterol, LDL cholesterol, and triglyceride
levels the morning after study participants fasted overnight. All
these biochemical determinations were performed in the same
laboratory (the WHO Regional Lipid Reference Center, Institute
of Clinical and Experimental Medicine, Prague (Czech Republic)
using standard laboratory methods. The concentration of glucose
in capillary blood was determined by a Glucotrend glucometer (23).

VAI score was calculated according to the definition of
Amato et al. (10) using the following sex-specific equations
where triglycerides and HDL-cholesterol levels are expressed
in mmol/L:

Males: VAI = [WC (cm)/(39.68 + 1.88 x BMI (kg/m?))] x
(triglycerides/1.03) x (1.31/HDL cholesterol)

Females: VAT = [WC (cm)/(36.58 + 1.89 x BMI (kg/m?))])] x
(triglycerides/0.81) x (1.52/HDL cholesterol)

The AIP was calculated using the formula proposed by Frohlich
and Dobiasova (11) (logjo (triglycerides (mmol/L)/HDL
cholesterol (mmol/L))).

2.5. Definitions

Arterial hypertension was defined as systolic BP > 140 mmHg
and/or diastolic BP > 90 mmHg, or usage of anti-hypertensive
medication during last 2 weeks (24).

Increased level of total serum cholesterol was determined as
total cholesterol concentration >5.0 mmol/L and increased fasting
glucose level as glucose concentration in capillary blood >6.1
mmol/L (25, 26).

Insufficient physical activity was determined in the case
when the mean time spent per week by study participants
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TABLE 2 Baseline characteristics by survival status of men of the Kaunas HAPIEE study (2006—2008).

Variables* Living status

Alive (n = 2,126) All causes of death Dead from CVD (n = 414)

(n = 882)

Age, years, mean (SD) 56.0 (7.46) 62.3 (7.55)* 63.1(7.20)*
Systolic blood pressure, nmHg, mean 142.9 (20.0) 150.9 (23.4)* 153.7 (24.4)*
(SD)
Diastolic blood pressure, mmHg, mean 92.3 (12.5) 94.8 (13.6)* 92.3 (12.5)*
(SD)
Arterial hypertension, % 74.6 83.7% 86.3*
Total cholesterol, mmol/L, mean (SD) 5.81 (1.08) 5.71 (1.15)* 5.73 (1.13)
HDL cholesterol, mmol/L, mean (SD) 1.41 (0.37) 1.39 (0.39) 1.34 (0.38)*
Triglyceride, mmol/L, mean (SD) 1.48 (0.89) 1.55 (0.98) 1.69 (0.18)*
Fasting blood glucose, mmol/L, mean 5.72 (1.07) 6.01 (1.66)* 6.25 (2.00)*
(SD)
Body mass index, kg/m?, mean (SD) 28.3 (4.30) 29.0 (5.19)* 29.9 (5.39)*
WC, cm, mean (SD) 94.3 (11.8) 97.9 (13.7)* 100.3 (13.8)*
VAI mean (SD) 1.59 (1.37) 1.75 (1.71)* 2.00 (2.12)*
AIP, mean (SD) —0.02 (0.29) 0.001 (0.30) 0.047 (0.32)*
Diabetes mellitus, % 53 14.4* 18.7*
CVD, % 12.6 33.9° 43.3%
Physical active in leisure time, % 67.5 61.3* 59.5%
Smoking habits, %
Smokers, % 34.0 36.5 333
Never smokers + former smokers, % 66.0 63.5 66.7
Education, %
Secondary + vocational 4.7 58.8% 58.3%
College + university 57.3 41.2% 41.7%

*All variables are age-adjusted.
?p < 0.05 compared to the alive group.

CVD, cardiovascular diseases; HAPIEE, Health, Alcohol and Psychosocial factors In Eastern Europe; HDL, high-density lipoprotein; WC, waist circumference; Al visceral adiposity index; AIP,

atherogenic index of plasma.

during leisure time for physical activities was lower
than 10 h.

The participants were ranked from the lowest to the
highest values of VAI and AIP and divided into five
equal groups (quintiles) according to the levels of these
variables (Table 1).

Coronary heart disease (CHD) at baseline was determined by:
(1) a documented history of myocardial infarction (MI) and/or
ischemic changes on ECG coded by MC 1-1 or 1-2 (22); (2)
angina pectoris as defined by G. Rose’s questionnaire (without
MI and/or MC 1-1 or 1-2) (21); (3) ECG findings coded by
MC 1-3, 4-1, 4-2, 4-3, 5-1, 5-2, 5-3, 6-1, 6-2, 7-1, or 8-3
(without MI and/or MC 1-1, 1-2 and without angina pectoris). The
previous stroke was determined according to a documented history
of stroke.

CVD included CHD and/or stroke which were determined at
the baseline survey.
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2.6. Mortality outcome

We used data from the Kaunas mortality register based
on death certificates with follow-up through December 31,
2020. Cause of death was categorized using the International
Classification of Diseases, 10th Edition (ICD-10). All causes of
death included ICD-10 codes A00-Z99. CVD-specific mortality was
categorized using codes 100-199.

2.7. Statistical analysis

All statistical analysis was performed using IBM SPSS Statistics
(Version 27.0) (IBM Corp. Released 2020. IBM SPSS Statistics
for Windows, Version 27.0. Armonk, NY, USA). We performed
an analysis of study data separately for men and women. All
descriptive characteristics [proportions, means, and standard
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TABLE 3 Baseline characteristics by survival status of women of the Kaunas HAPIEE study (2006—2008).

Variables* Living status

Alive (n = 3,101) All causes of death Dead from CVD (n = 268)

(n = 562)

Age, years, mean (SD) 56.4 (7.53) 63.4 (7.48)* 66.5 (5.43)*
Systolic blood pressure, nmHg, mean 133.3(19.9) 143.4 (24.3)* 148.9 (23.9)*
(SD)
Diastolic blood pressure, mmHg, mean 87.3(11.4) 90.9 (12.8)* 92.5(12.9)*
(SD)
Arterial hypertension, % 65.5 79.7% 88.3*
Total cholesterol, mmol/L, mean (SD) 6.06 (1.12) 5.96 (1.14) 6.03 (1.19)
HDL cholesterol, mmol/L, mean (SD) 1.60 (0.37) 1.50 (0.36)* 1.47 (0.34)*
Triglyceride, mmol/L, mean (SD) 1.39 (0.75) 1.53 (0.81)* 1.60 (0.94)*
Fasting blood glucose, mmol/L, mean 5.73 (0.99) 6.16 (1.77)* 6.34 (2.03)*
(SD)
Body mass index, kg/m?, mean (SD) 29.4 (5.56) 31.4 (6.43)* 31.9 (6.82)*
WC, cm, mean (SD) 87.9 (13.4) 93.9 (15.1)* 95.1 (15.6)*
VAI mean (SD) 1.74 (1.49) 2.08 (1.78)* 2.25(2.18)*
AIP, mean (SD) —0.098 (0.27) —0.026 (0.26)* —0.006 (0.27)*
Diabetes mellitus, % 6.1 17.5° 24.1*
CVD, % 17.7 33.6° 43.6*
Physical active in leisure time, % 81.7 74.0* 68.4*
Smoking habits, %
Smokers 14.0 9.2% 5.3%
Never smokers + former smokers 86.0 90.8* 94.7%
Education, %
Secondary + vocational 352 51.8% 59.9
College + university 64.8 48.2% 40.1*

*All variables are age-adjusted.
?p < 0.05 compared to the alive group.

CVD, cardiovascular diseases; HAPIEE, Health, Alcohol and Psychosocial factors In Eastern Europe; HDL, high-density lipoprotein; WC, waist circumference; VAI, visceral adiposity index;

AIP, atherogenic index of plasm.

deviations (SD)] were calculated and presented across the groups
by vital status at the end of follow-up in two ways (alive and
died from all causes; alive, died from CVD and died from
other causes). Differences between groups were detected by
independent sample t-test and ANOVA analysis with Bonferroni
corrections for continuous variables. A Chi-squared test and
Z-test with Bonferroni corrections were used for determining
differences in categorical variables. P-values < 0.05 were considered
statistically significant.

We fit Cox proportional hazards regression models to estimate
the hazard ratio (HR) and 95% confidence interval (CI) for quintiles
of VAI and AIP with all-cause and CVD mortality. The participants
who previously had CVD (CHD or/and stroke) were removed from
the analysis of CVD mortality risk. Standardized multivariable Cox
regression models were used to evaluate the effect size of VAI
and AIP with three steps. Model 1 includes a single VAI and
AIP quintile with 1st quintile as the reference group. In Model
2 age as, a continuous variable, is added. Model 3 was adjusted
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for all the variables in Model 2 plus education, physical activity,
smoking status, and biological factors (arterial hypertension, total
cholesterol, and fasting glucose) (all categorical). Risk of all-cause
and CVD mortality was also assessed using the same 3 Cox
regression models when VAI and AIP values in the model changed
per 1 quintile.

3. Results

The mean duration and SD of the follow-up of the participants
were 12.6 £ 2.79 years. During the follow-up, there were 1,444 all-
cause deaths (882 men and 562 women) and 682 deaths from CVD
[414 men and 268 women (232 and 150 deaths, respectively, among
participants without CVD at baseline survey)] registered.

The characteristics of the respondents at the baseline survey,
according to their survival status are presented in Tables 2, 3. Men
and women who died from all-cause deaths and CVD deaths during
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TABLE 4 Risk of all-cause and cardiovascular mortality for visceral adiposity index (VAI) levels status according to gender over 10 years [follow-up for
endpoints mean period (SD) 12.6 (2.75) years].

All-cause deaths CVD deaths*
VAI level/cox models 95% Cl 95% ClI
Men (n=882) (n=232)
Model 1
1st quintile 1 1
2nd quintile 0.87 0.70-1.08 0.201 1.04 0.74-1.47 0.803
3rd quintile 1.07 0.86-1.32 0.552 1.47 1.07-2.01 0.018
4th quintile 1.03 0.83-1.27 0.780 1.16 0.83-1.61 0.398
5th quintile 1.26 1.03-1.55 0.024 1.78 1.31-2.42 <0.001
Per quintile 1.07 1.02-1.12 0.006 1.14 1.06-1.22 <0.001
Model 2
1st quintile 1 1
2nd quintile 0.85 0.68-1.06 0.141 1.02 0.73-1.44 0.903
3rd quintile 0.99 0.81-1.23 0.990 1.37 0.995-1.88 0.054
4th quintile 1.01 0.82-1.25 0.935 1.13 0.81-1.58 0.473
5th quintile 1.31 1.07-1.60 0.010 1.85 1.36-2.52 <0.001
Per quintile 1.08 1.03-1.13 0.002 1.15 1.07-1.24 <0.001
Model 3
1st quintile 1 1
2nd quintile 0.91 0.73-1.14 0.411 1.05 0.75-1.48 0.788
3rd quintile 0.99 0.81-1.23 0.982 1.28 0.93-1.76 0.134
4th quintile 1.01 0.82-1.25 0.923 0.94 0.67-1.32 0.721
5th quintile 1.21 0.98-1.49 0.080 1.38 1.00-1.90 0.047
Per quintile 1.05 1.00-1.10 0.046 1.06 0.99-1.14 0.116
Women (n=562) (n=150)
Model 1
1st quintile 1 1
2nd quintile 1.74 1.28-2.36 <0.001 1.93 1.22-3.06 0.005
3rd quintile 1.75 1.29-2.37 <0.001 1.99 1.26-3.15 0.003
4th quintile 2.13 1.59-2.87 <0.001 2.26 1.44-3.54 <0.001
5th quintile 2.33 1.74-3.12 <0.001 2.75 1.78-4.25 <0.001
Per quintile 1.19 1.12-1.26 <0.001 1.22 1.12-1.33 <0.001
Model 2
1st quintile 1 1
2nd quintile 1.49 1.09-2.02 0.011 1.55 0.98-2.45 0.060
3rd quintile 1.41 1.03-1.91 0.030 1.50 0.95-2.36 0.084
4th quintile 1.60 1.19-2.15 0.002 1.55 0.99-2.43 0.056
5th quintile 1.72 1.28-2.31 <0.001 1.87 1.21-2.89 0.005
Per quintile 1.11 1.05-1.18 0.001 1.12 1.02-1.22 0.014
Model 3
1st quintile 1 1
2nd quintile 1.48 1.08-2.01 0.014 1.51 0.95-2.40 0.081

(Continued)
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TABLE 4 (Continued)
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All-cause deaths CVD deaths*
VAl level/cox models HR 95% ClI HR 95% ClI
3rd quintile 135 0.99-1.84 0.057 128 0.81-2.04 0.291
4th quintile 1.51 1.11-2.04 0.008 1.30 0.83-2.06 0256
5th quintile 1.54 1.13-2.08 0.006 1.50 0.96-2.36 0.078
Per quintile 1.08 1.01-1.15 0.020 1.06 0.962-1.16 0.254

* Among participants without CVD at baseline survey.
HR, hazard ratios; CI, confidence interval; CVD, cardiovascular diseases.

Model 1 unadjusted data. Model 2 adjusted for age. Model 3 adjusted for age, education, physical activity and smoking status, and biological factors (arterial hypertension, total cholesterol, and

fasting glucose). For details see “Methods” and “Statistical analysis”.

Bold values means statistically significant difference of HR values compared with Ist quintile HR.

the follow-up period were significantly older and less educated at
the baseline survey than those alive at the end of the follow-up.
During the initial study, the age-adjusted means of some biological
factors, such as systolic and diastolic BP, triglycerides, the fasting
glucose level had been higher, and HDL cholesterol level had been
lower in men and women who died from all-cause deaths and CVD
deaths during the follow-up period compared to those who were
alive. Moreover, it was determined that the respondents who died
from all-cause deaths and CVD deaths during the follow-up period
had been more often diagnosed with diabetes mellitus, CVD, and
arterial hypertension than those who were alive at the end of the
follow-up. Men and women who died from all-cause deaths and
CVD deaths during the follow-up period were lower physically
active in their leisure time and their mean BMI and WC levels
had been higher than those alive at the end of the follow-up. Its
important, that mean levels of VAL, and AIP had been higher in
men and women who died from all-cause deaths and CVD deaths
during the follow-up period compared to those who were alive.

In Table 4, we present the multiple cox regression assessments
of VAI in the prediction of risk of all-cause and cardiovascular
mortality according to gender over 10 years. Based on the crude
model (Model 1) assessments, the men with higher VAI levels (5th
quintile) had a 1.26-fold increased risk of all-cause mortality and
1.78-fold increased mortality from CVD risk compared with men
with lower VAI levels (1st quintile). An increase per quintile in the
VAL significantly increased the risk of all-cause mortality (by 7%)
and the risk of mortality from CVD (by 14%) in the men group.
After additional adjustment for age (Model 2) the same risk of
all-cause mortality and mortality from CVD remained statistically
significant in the men group. However, after adjustment for age,
education, physical activity, smoking status, and biological factors
(Model 3) a significant relationship was determined for all-cause
mortality risk per quintile of VAI (by 5%), and for risk of mortality
from CVD (by 38%) than compared the men with higher VAI level
(5th quintile) to men with lower VAI level (1st quintile).

In the women group, an increase per quintile in the VAI
significantly increased the risk of all-cause mortality (by 19%) and
the risk of mortality from CVD (by 22%) (Model 1). Also, by
increasing the quintile of VAI (2nd, 3rd, 4th, 5th quintile) the
risk of all-cause mortality risk and CVD mortality risk increased
compared with the lowest VAI quintile (1st quintile). However,
after adjustment for age, education, physical activity, smoking
status, and biological factors (Model 3) a significant relationship
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was determined only for all-cause mortality risk per quintile of
VAI (by 8%) in the women group. Such a significant relationship
was not determined for the risk of mortality from CVD in the
women group.

In Table 5, we present the multiple Cox regression assessments
of AIP in the prediction of risk of all-cause and CVD mortality
according to gender over 10 years. Based on the crude model
(Model 1) an increase per quintile in the AIP significantly increased
the risk of all-cause mortality (by 5%) and the risk of mortality from
CVD (by 13%) in the men group. After additional adjustment for
age (Model 2) the same risk of all-cause mortality and mortality
from CVD remained statistically significant in the men group.
However, after adjustment for age, education, physical activity,
smoking status, and biological factors (Model 3) the men with
higher AIP levels (5th quintile) had a 1.40-fold increased risk
of mortality from CVD risk compared with men with lower
AIP level (1st quintile).

In the women group, an increase per quintile in the AIP
significantly increased the risk of all-cause mortality (by 16%) and
the risk of mortality from CVD (by 17%) (Model 1). Also, by
increasing the quintile of AIP (2nd, 3rd, 4th, 5th quintile) the
risk of all-cause mortality risk and CVD mortality risk increased
compared with the lowest AIP quintile (1st quintile). However, after
adjustment for age, education, physical activity, smoking status,
and biological factors (Model 3) a significant association was not
determined between AIP levels and all-cause mortality risk and the
risk of mortality from CVD in the women group.

4. Discussion

In this study, we presented an independent association of two
indices—VAI and AIP with risk of all-cause and CVD mortality in
the middle-aged and elderly Lithuanian urban population.

We found that in Cox regression analyses, compared to the 1st
VALI quintile, the 5th quintile was an independent positive predictor
of all-cause and CVD mortality risk in males and females. This
significant association remained after adjusting for several lifestyles
and biological confounding factors for CVD mortality in men (HR
= 1.38) and all-cause mortality in women (HR = 1.54). These
data are consistent with previous studies in which researchers also
found a positive association between increasing levels of VAI and
risk of all-cause and CVD mortality (27, 28). Other researchers
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TABLE 5 Risk of all-cause and cardiovascular mortality for the atherogenic index of plasma (AIP) levels status according to gender over 10 years
[follow-up for endpoints mean period (SD) 12.6 (2.75) years].

All-cause deaths CVD deaths*
AIP level/cox models HR 95% ClI HR 95% ClI
Men (n=882) (n=232)
Model 1
1st quintile 1 1
2nd quintile 0.85 0.68-1.05 0.127 0.94 0.67-1.31 0.703
3rd quintile 0.98 0.79-1.21 0.830 1.36 0.99-1.85 0.055
4th quintile 0.96 0.78-1.19 0.709 1.00 0.72-1.40 0.995
5th quintile 1.19 0.97-1.46 0.092 1.72 1.27-2.32 <0.001
Per quintile 1.05 1.00-1.10 0.039 1.13 1.06-1.21 <0.001
Model 2
1st quintile 1 1
2nd quintile 0.82 0.66-1.01 0.064 0.90 0.64-1.26 0.539
3rd quintile 0.94 0.77-1.16 0.581 1.30 0.96-1.78 0.094
4th quintile 0.95 0.77-1.17 0.629 0.99 0.71-1.38 0.950
5th quintile 1.24 1.02-1.52 0.035 1.81 1.34-2.44 <0.001
Per quintile 1.06 1.01-1.12 0.011 1.15 1.07-1.24 <0.001
Model 3
1st quintile 1 1
2nd quintile 0.88 0.71-1.09 0.248 0.95 0.68-1.34 0.782
3rd quintile 0.95 0.77-1.18 0.655 1.25 0.91-1.71 0.171
4th quintile 0.96 0.78-1.19 0.698 0.85 0.61-1.20 0.354
5th quintile 1.16 0.95-1.43 0.152 1.40 1.03-1.91 0.033
Per quintile 1.04 0.99-1.09 0.102 1.07 0.99-1.15 0.079
Women (n=562) (n=150)
Model 1
1st quintile 1 1
2nd quintile 1.46 1.09-1.97 0.012 1.55 1.00-2.39 0.047
3rd quintile 1.54 1.15-2.07 0.004 1.63 1.06-2.51 0.025
4th quintile 1.88 1.42-2.50 <0.001 1.85 1.22-2.82 0.004
5th quintile 1.92 1.45-2.55 <0.001 2.08 1.38-3.14 <0.001
Per quintile 1.16 1.09-1.23 <0.001 1.17 1.07-1.27 <0.001
Model 2
1st quintile 1 1
2nd quintile 1.23 0.92-1.66 0.168 1.23 0.80-1.89 0.355
3rd quintile 1.31 0.98-1.76 0.070 133 0.87-2.05 0.189
4th quintile 1.41 1.06-1.87 0.019 1.27 0.83-1.93 0.273
5th quintile 1.46 1.10-1.93 0.009 1.47 0.97-2.21 0.069
Per quintile 1.09 1.02-1.15 0.007 1.08 0.99-1.18 0.094
Model 3
1st quintile 1 1
2nd quintile 1.25 0.92-1.68 0.150 1.19 0.77-1.84 0.433

(Continued)
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TABLE 5 (Continued)
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All-cause deaths CVD deaths*
AIP level/cox models HR 95% ClI HR 95% ClI
3rd quintile 1.29 0.96-1.73 0.096 1.19 0.77-1.84 0.425
4th quintile 1.36 1.01-1.81 0.040 1.08 0.71-1.67 0.714
5th quintile 131 0.98-1.76 0.068 1.20 0.78-1.83 0412
Per quintile 1.06 0.99-1.12 0.081 1.02 0.93-1.12 0.662

* Among participants without CVD at baseline survey.
HR, hazard ratios; CI, confidence interval; CVD, cardiovascular diseases.

Model 1 unadjusted data. Model 2 adjusted for age. Model 3 adjusted for age, education, physical activity and smoking status, and biological factors (arterial hypertension, total cholesterol, and

fasting glucose). For details see “Methods” and “Statistical analysis”.

Bold values means statistically significant difference of HR values compared with Ist quintile HR.

demonstrated results that higher VAI was related to the risk of the
incidence of CVD and cancer (29, 30).

VALI indirectly indicates visceral adipose tissue (VAT) deposits
and functions in the human body (10). This index could be used
in epidemiological studies and even clinical practice instead of
expensive diagnostic methods such as CT, MRI, or sonographic
assessment (31, 32). The anthropometric measurements such as
WC, waist-to-hip ratio or abdominal sagittal diameter also could be
used for the evaluation of regional intraabdominal fat deposition,
but those measurements are characterized by low accuracy (33).
WC also could not differentiate VAT from subcutaneous adipose
tissue in the abdomen which has a lower CVD risk level (29, 34).
A similar indicator recently proposed for the evaluation of VAT
is anthropometrically predicted VAT (34, 35). This indicator is
also VAI sex-specific and the equations for calculation of the
indicator include anthropometric measures (BMI, WC, and thigh
circumference) and age. VAI is the more specific and precise index
for evaluation of VAT as compared to anthropometrically predicted
VAT because models for calculation of such includes not only
anthropometric data (BMI and WC) but also lipid levels (HDL
cholesterol and triglycerides) (10). Several studies demonstrated
that VAI was a better predictor of the incidence and mortality risk as
compared to BMI and WC in the prognostic models alone (28, 36).
Whereas, some studies presented research data indicating that the
impact of VAI was not significantly different for predicting CVD
risk in women and type 2 diabetes in the non-diabetic population
as compared with simply measured anthropometric biomarkers
(30, 37). In this study, we did not compare the impact of VAI
and such anthropometric measurements as BMI, WC, waist-to-
hip ratio, or waist-to-height ratio on the CVD mortality risk.
Data from our previous study showed that among participants
from three surveys the anthropometric measurements (BMI, WC,
waist-to-hip ratio, and waist-to-height ratio) changing per 1
SD in multivariable-adjusted Cox’s regression model significantly
increased CVD mortality risk in men (HR varied from 1.40 to 1.49)
but not in women (18).

The AIP is a logarithmically converted ratio of triglycerides to
HDL cholesterol (11). The results of our study showed that values
of AIP were higher among males as compared to females. Such
gender differences in AIP values were demonstrated in most similar
studies (38, 39). The results of ten observational studies performed
in China, Turkey, and South Korea demonstrated that higher AIP
values may be independently associated with the odds of coronary
artery disease (CAD) (40). The AIP could be also considered
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an independent predictor of CVD incidence and mortality risk
(38, 41). Results from a large-scale nationwide population cohort
study carried on in the Republic of Korea showed that AIP HRs
for CVD risk were higher as compared to HRs of triglycerides
and HDL cholesterol when those variables were applied in the
regression model alone (42). Whereas, a study performed among
1,131 male patients with angiographically diagnosed CAD and
without CAD found that the AIP predictive value for diagnosing
CAD was not significantly different as compared with traditional
blood lipids (43). Our results have shown a positive association
between increasing values of AIP and risk of CVD mortality
after adjustment to many confounders in men but not women
responders. In women responders, the risk of all-cause mortality
was significantly higher by 36% when the 4th quintile of AIP was
compared with the 1st quintile. The association between AIP and
CVD incidence and mortality is mainly explained by the correlation
of the index with lipoprotein particle size: it is inversely related
to LDL cholesterol particle diameter (44). Results of some studies
showed that small dense LDL cholesterol particles were related to
higher risk of CVD (45, 46). However, the methods for determining
small dense LDL cholesterol particles are quite complicated and the
cost-effectiveness of such methods is low, therefore those methods
are not recommended for use in clinical practice and large-scale
epidemiological studies of CVD (47).

VAI and API calculations are cheap methods and could be
used not only in epidemiological studies but especially in clinical
practice for cardiologists or endocrinologists instead of expensive
diagnostic methods.

4.1. Strength and limitations of the study

The main strength of our study was: a large sample size,
adjustment using many confounding variables, and a cohort study
design. Our study also has some limitations. Despite many variables
used in the adjustment procedure, it is still possible that some not
measured confounding variables could interfere with a part of the
associations between AIP or VAI and CVD or all-cause mortality
risk. The findings of this study cannot be generalized to the
Lithuanian countrywide population because our study was carried
out only in an urban one-city a middle-aged and elderly population.
Therefore, further epidemiological investigations are needed to be
performed in different regions of the country. Finally, we used the
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baseline AIP and VAI levels for the assessment of the association
of those indices with the risk of all-cause and CVD mortality. Any
changes during the follow-up both of AIP, VAI, and confounding
variables are missing. Despite the mentioned limitations, our study
provided additional insight into the association between higher
levels of these indices and the risk of mortality.

5. Conclusion

High-risk VAI levels were statistically significantly associated
with all-cause mortality risk in men and women groups. The higher
AIP level (5th quintile vs. 1st quintile—in men and 4th quintile vs.
Ist quintile—in women) was significantly associated with increased
mortality from CVD risk in the men group (HR = 1.40) and
increased all-cause mortality risk in the women group (HR =
1.36). Thus, the calculation of VAI and AIP levels is simple and
universally available, which makes study results easily applicable to
clinical practice.
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Background: The design of social programs at the environmental level such as in
schools, parks, bicycle paths, or workspaces generates changes in the behavior of
individuals and modifies lifestyles by increasing physical activity (PA) levels.

Objective: To determine the effectiveness of environmental interventions based
on social programs by changing the population’s level of PA.

Methodology: Natural experiment studies that involved environmental interve
ntion programs at a social level were included. The primary outcome was PA levels
with consideration of both objective and subjective measurements. An electronic
search was carried out in Medline/Pubmed, SCIENCE DIRECT, WEB OF SCIENCE,
and CINAHL databases up to January 2022 with two reviewers screening titles and
abstracts and selecting studies for full-text reading. Two reviewers also acquired
relevant data and evaluated study quality using the ROBINS | tool. A qualitative
analysis was performed.

Results: Three thousand eight hundred and sixty-five articles were found in the 4
consulted databases. After eliminating duplication (200), two reviewers screened
3,665 titles and abstracts and excluded 3,566 that did not meet the inclusion
criteria, leaving 99 articles to be read in full text. The 99 full texts were reviewed of
which 24 papers met the eligibility criteria. All were natural experiments published
between 2011 and 2020 and all evaluated environmental social programs
revealing that social programs at the environmental level promoted PA in various
populations at the community level worldwide.

Conclusion: The 24 reviewed studies suggest innovative proposals for social
programs that seek to increase PA and promote healthy lifestyles related to
public activity policies developed in the countries in which they were generated.
Environmental social programs can positively impact PA levels among children
and adults.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_re
cord.php?RecordlD=229718, identifier: CRD42021229718.
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Introduction

A variety of factors worldwide have altered patterns of physical
activity (PA), with an increase in the level of sedentary lifestyles
especially in middle and low-income countries (1). Low level of
PA is one of the key factors related to the development of chronic
diseases. In addition, morbimortality due to chronic diseases
secondary to physical inactivity has been found to be related
to the worldwide prevalence of type 2 diabetes, coronary artery
disease, and cancer among others, with relative risk (RR) of physical
inactivity of 1.16 (95% CI 1.04-1.30)for all causes worldwide (2).

The world’s economic and health behavior changes, such as
an increase in working hours especially for mothers, unhealthy
food consumption, a reduction in leisure and recreation time,
the reduced metabolic expenditure given the influence of the
obesogenic space because of less PA and the imbalance between
intake and consumption lead to the presence of childhood and
adult obesity (3). In this sense, the evidence shows that the
economic market has a substantial influence on the commercial
aspect of food in advertising for children, television time, and
high investments in fast food restaurants. In contrast to the
above investments there is a low investment in environmental
modifications that may have a greater effect on the time spent in PA
which may have a favorable effect on the imbalance between intake
and demand and decrease obesity (4, 5).

Health policies, especially the guidelines generated by the
World Health Organization (WHO) are aimed to increase PA
in populations, with a minimum of 150 min and nutritional
improvement with a balanced diet, to reduce the presence
diseases (6, 7).
PA interventions or strategies at the individual, community,

of chronic non-communicable Moreover,
environmental, and social levels may favorably alter poor health
behaviors and have a positive impact on levels of PA improving
the population’s general health and chronic non-communicable
diseases (8, 9).

The WHO describes environmental strategies regarding
social programs as global actions, community approaches and
public policy developed to allow the implementation of social
determinants of health within community spaces as schools,
parks, bicycle routes, bicycle lanes, companies, or cities (10-13).
Examples of such programs have been implemented worldwide
as methods to promote PA (1, 14, 15). In the United Kingdom
and other countries, national guidelines have been developed for
environmental modification and the creation of social programs
to encourage greater PA and reduce sedentary lifestyles (16, 17).
The conceptual background of environmental social programs has
been described in international documents such as the National
Institute for Health and Care Excellence (NICE) in which the
role of PA is highlighted stating “Local strategies, policies and
plans to encourage and enable people to be more physically active”
(18). The socio-ecological models of PA explain how to facilitate
and implement PA at different levels of the individual including
behavioral, social, and physical environmental constructs (19, 20).
For example, schools with in-school or out-of-school programs for
children are likely to promote more PA and less sedentary lifestyles.
In addition, the implementation of active walking or cycling routes,
modification of cities with the inclusion of active programs, and
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the reduction of spaces that induce obesity to reduce the level of
sedentary lifestyles in men, women, and children throughout the
life cycle have been reported (15, 21-25).

Worldwide, environmental modification programs from the
social perspective have gained relevance for the implementation
of policy-based programs in countries whose impact has been
evaluated through natural experiments. Natural experiments have
been described as observational studies in which an event or
a situation that allows for the random or seemingly random
assignment of study subjects to different groups is used to answer
a particular question (24). Thus, natural experiments can observe
large populations in a real-world environment to examine the
effects of global actions or community approaches. The medical
research council has recommended the use of natural experimental
approaches to evaluate population health interventions. Thus,
natural experiments are extremely important since the exposure
to an event or intervention of interest has not been manipulated
by a researcher making the natural experiment not only an
observational study, but an experimental study especially when a
clinical trial may be impractical or unethical (26).

The effect of social programs at the environmental level can be
assessed by natural experiments and appear to generate favorable
change in the behaviors and lifestyles of individuals in work, school,
and university settings. The use of transportation methods to
facilitate healthy lifestyle habits has also been suggested as a strategy
to improve PA, however, the results are inconclusive (15, 27-30).
Therefore, this systematic review aims to examine the effectiveness
of environmental interventions based on programs at a social level
on levels of PA in studies that have employed natural experiments.

Methodology

This study is a systematic review conducted according to
the guidelines of Cochrane methodology (31) and PRISMA
guidelines (32). The protocol is registered in the international
database of systematic PROSPERO
number CRD42021229718.

reviews under the

Selection criteria

Type of study

The type of study is natural experiments that involve
environmental interventions at the social level which includes local
strategies, plans, programs, or policies to promote PA with the
understanding that a natural experiment is a research study in
which the exposure to an event or intervention of interest has not
been manipulated by a researcher (26).

Type of participants or population of interest

The type of participants and population of interest includes the
general population such as students in schools and universities,
individuals in the workplace, the population of individuals in
cities and neighborhoods, and older adults in institutions. Studies
that have targeted specific populations with diseases or conditions
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such as neuromuscular disease (sclerosis, cerebrovascular disease,
and dystrophies), musculoskeletal diseases (lupus, arthritis, and
osteoarthritis), or cardiovascular diseases (infarction, arrhythmia,
valve diseases, etc.) as well as studies on athletes were excluded.

Type of interventions

Studies that evaluated programs focused on the promotion of
PA from an environmental perspective at the social level such
as programs involving parks, bicycle commuting, bicycle lanes,
school curriculum modifications, or city programs to promote PA
such as muevete and recreovia Bogota, Biking Barcelona, Biking
Boulevards Australia, Agita Sdo Paulo, role of public policy in active
schools in Ontario, and others.

Type of outcomes

The primary outcome is PA defined as variation or levels
reached and measured objectively or subjectively. Objective
measurements  included PA  measured by pedometers,
accelerometers, heart rate monitors, and direct and indirect
calorimetry. Subjective measurements included self-reports or
questionnaires such as the IPAQ, CHAMPS, or the PA Recall,
among others. Both the objective and subjective measurements
could be expressed continuously [such as total energy expenditure
(Kcal/Kg/week, kcal/week), metabolic consumption in METS,
oxygen consumption or differences in CO,/Vo,, heart rate, heart
variability, total minutes of physical activity or the number of
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steps, among others] or categorically (such as of light, moderate, or
vigorous PA). Participation in the programs, percentage or amount
of PA performed, measures of fitness level if they were reported in
metabolic expenditure or oxygen consumption, and measurement
scales of individual or group physical activity were also examined.

Search strategy

A search for studies was performed through January 2022
using the following electronic databases: Medline/Pubmed, Web
of Science, Science Direct, and CINAHL, using Mesh, Decs, and
Emtree terms. Appendix 1 provides the search strategies employed
in the study. Additionally, a search of crossed references was done
manually as well as a search of gray literature in specialist journals,
university repositories or general websites related to the topic.

Study selection

Study selection involved two reviewers (EH, EC) who screened
the articles by title and abstract according to the inclusion criteria.
The selected studies were then blinded, read in full text format
by both reviewers and the results and conclusions compared.
In the case of disagreements, a third reviewer acted as a peer
evaluator to settle disagreements for the definitive selection of
studies. To optimize the work at this stage, the Rayyan© software
was used (33).
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Flowchart of the selection process.
Data extraction and risk of bias evaluation Results

Data extraction was accomplished using a spreadsheet in
which the characteristics of the studies were recorded, such as
title, authors, year and place of publication, program undertaken
and its characteristics, start and end date, the scope of the
program’s intervention, outcomes and considered measurements,
and reported results.

The risk of bias was assessed using the recommendations
and evaluation criteria of the ROBINS I tool for non-randomized
intervention studies (34). Which made it possible to evaluate
specific risks of bias at three points in the study: (1) pre-
intervention where the bias of confounding and participant
selection were considered, (2) during the intervention where
measurement bias was assessed, and (3) post-intervention
where the bias of the interventions performed and outcome
measurements as well as attrition bias were considered.

Data analysis

The data analysis was undertaken qualitatively through figures
and tables showing the information obtained in the data extraction
process which provided an organized and visual presentation of
the intervention programs, methodological findings, and results of
each study.

Frontiersin Public Health

Three thousand eight hundred and sixty-five articles were
found in the 4 databases. After eliminating duplicates (200), two
reviewers screened 3,665 titles and abstracts and excluded 3,566
articles because they did not meet the inclusion criteria. Thus,
99 full texts were reviewed in depth to determine that 28 studies
fulfilled the eligibility criteria. The reasons for exclusion were: 20
articles were not natural experiments, 27 did not have outcomes of
interest, and 24 were natural experiments but focused on physical
environmental structural modification. It is important to note that
of these 28 full-text readings, 4 had double reporting in different
articles, resulting in a total of 24 reports. Of these 24, 7 studies
examined both physical environmental modifications and social
programs. The 24 papers used in this study as well as those with
double reports are shown in Figure 1.

Characteristics of the selected studies

The 28 study reports (35-62). That were selected were natural
experiments published between 2011 and 2020, with the evaluation
of environmental social programs from different parts of the world
(Figure 2). Regarding the scope, 10 were implemented at school
programs, 6 were related to active transportation, 4 were in active
cities, 2 were in parks, and 2 were in workspaces (Table 1).
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TABLE 1 Characteristics of the studies included and areas of emphasis.

References

Intervention program

Dill et al. (36)

Country/Continent

United States/North America

Infrastructural focus

Active transport

Bicycle paths were planned and built and compared to the
control.

Description of the

Six studies focus on the implementation of active
transportation or commutation, whether understood as
walking spaces, bicycle programs, or transportation

cities that participated in the activity in three groups.

Nicosia and Datar (50)

United States/North America

Active community cities

Projected exercise and nutrition environment of military
housing, measured days of physical activity with activity
minutes and follow-up.

Molenberg et al. (52)

Holland/Europe

Active community cities

18 new spaces in economically depressed sectors, in which
spaces for the promotion of physical activity were created in
Rotterdam.

Sharma et al. (54)

United States/North America

Active community cities

Multicomponent healthy eating and physical activity
program for pregnant women, the program promotes
breastfeeding, nutrition and physical activity,
community-based 6-week program

Panter et al. (37) United Kingdom/Europe Active transport commute A new transportation system was built in Cambridge interchange between bus and walking. Four of these studies
between 2007 and 2011 19 kilometers of busway and focus on bicycle programs in the community environment to
!;)ike/ walking lanes and the commuter program was encourage the use of this form of transportation, focusing on
implemented. commuting to work. And two of the subway system in which
Goodman et al. (40) United Kingdom/Europe Active transport bicycling 18 cities with bicycle programs were included for use of the use of non.—escalator's vS- escalators at station exits is
bicycles for commuting to work, school, bus and subway encouraged with a cognitive program to encourage the use of
stations. escalators and the other on a new subway line measures the
use of commutation transportation related to transportation
Allais et al. (46) France/Europe Active transport Activity worked with three stations of the French subway to to the subway line and distance to stations with the objective
promotion encourage the use of stairs, three experimental and control of encouraging physical activity.
stations to see the change in the pattern of use of stairs.
Sun etal. (51) China/Asia Active transport A new metro line with 24 stations in a population that had
no metro line and the change of habits in the type of
transport was determined.
Heinen et al. (60) Australia/Oceania Active transport Based on the habitat cohort in which a program is designed
in which we seek to look at changes in the pattern of
transport with cycling and its effect on physical activity
Simoes et al. (41) Brazil /South America Active community cities Academy program of city of Pernambuco Brazil with 184 4 studies carried out in urban environments at the

community level, all different from each other but with the
same perspective, which is the community work to promote
physical activity, within the framework of the activity policy.
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TABLE 1 (Continued)

References

Gesell et al. (38)

Country/Continent

United States/North America

Infrastructural focus

After School Program

Intervention program

After-school activity program with the department parks
with its modified areas and spaces for physical activity at the
community level.

Esdaile et al. (42)

Australia/Oceania

Intra-school School Program

Parent-led physical activity and nutrition program known as
PEACH, which consists of a 90-min activity program for
school children.

Hunt et al. (44)

United States/North America

After-school program

First and second grade students were included in a 7-week
summer learning and activity program.

Lee et al. (45)

United States/North America

School infrastructure

Transfer of a group of students at a school outside a
neighborhood to one with the school in the neighborhood
and to see the change in behavior from sedentary to active
and to the transport.

Tarp et al. (48)

Denmark/Europe

Interschool school program

Effect of the multimodal CHAMPS (Childhood Health,
Activity, and Motor Performance School study DK) program
in an intervention group relative to the control group in
response to presenting risk factors in 10 schools in Denmark.

D’Agostino et al. (49) United States/North America After School Program A 10-month after-school program called FIT2PLAY,
generated for ethnic minorities in a Miami county.
Kapinos et al. (53) United States/North America College program To determine how proximity of dormitories to the

gymnasium or dining areas or food courts influences
freshmen college students’ weight gain or sedentary behavior
and obesogenic environment

Madsen (55)

United States/North America

After school program

California fitness program evaluates the physical condition
of children in grades 5-7th and 9th through the Fitness
Gram.

Stone et al. (58) Canada /North America In-school school program The study takes place in Ontario’s statewide policy of a
minimum of 20 min per day of moderate and vigorous
physical activity in school structure and schedules, 16
districts are involved

Azevedo et al. (59) United Kingdom/Europe In-school school program Dance mat program for students in grades 9-11 at the school

level to see the effect on physical activity level, 16 mats and a
driving unit were delivered to the schools to be used for 12
weeks.

Description of the group

10 studies focused on educational environments, 9 in schools
and 1 at the university level, all based on environmental
social activities either inside or outside the educational
environment but with the objective of promoting physical
activity. Of the 10 school-based, 6 are associated with the
curriculum and 4 are after school associated with summer
programs or park activities. The program at the university
level is focused on determining whether the distance
between university dormitories to gyms and dining halls
influences the level of physical activity of students.
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Designs of the natural experiments found

Several approaches were used in the natural experiments as
shown in Table 2. From pre- and post-cohorts with a control group
or prospective cohorts (36, 38, 43, 52, 53, 60), controlled before
and after studies (40, 46-48, 57, 59, 62) before and after studies
with and without a control group (49-51, 54, 55), as well as quasi-
experimental (37, 56), cross-sectional pre- and post-intervention
studies with or without a control group (35, 39, 41, 42, 58, 61)
providing repeated measures and retrospective studies (44, 45).
The 24 studies indicated that they were working on PA policies
worldwide or nationally, but 25% did not specify the specific PA
policy Using natural experiments to evaluate population health
interventions: new Medical Research Council guidance (36, 44, 47,
51, 59, 62), 37.5% described the PA policy, but did not evaluate
its development (35, 37, 40-42, 55, 57, 58, 60) and the remaining
studies were framed within national public policies on PA or active

areas, one uses the frozen roads to create trails for walking,
measures the use of these and the activity physical activity
developed in contrast the other works with the development
of physical activity classes in the city and how this allows to
modify the life habits of the populations

desks and furniture that allow the practice of activity, or the
switching of the type of transportation of the company to
homes with adaptation of lanes and roads for the use of

from Europe, both focus on physical activity at work, with
bicycles and walking.

physical activity with the development of physical activity
classes in the free time in the participants in recreational
adaptation of the spaces and the inclusion of adjustable

Two programs focused on parks aimed at promoting
2 experiments, one from the Asian region and the other

Description of the group

transportation clearly showing the evaluation of implementation at

the level of parks, cities, schools or active transportation (Table 2).

Measurements of physical activity in the
studies

All included studies reported the outcome of PA with valid

experiment, one of intervention with modification of the job,

Two-arm natural experiment with two groups of companies
in a two-phase socioecological model to determine the use of

Impact of a frozen pathway on the users’ visits to estimate
company in response to job modification, it is a two-arm

Effect of physical activity in free time on participants in 9
PA and sedentary behavior among the employees of a

2 g
= =}
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ol < £ g = 2 and reliable measurements as shown in Table 2. At the non-

3 =t % (é 5 B instrumental level, the IPAQ PA questionnaire was used in 2
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_5 & Dé = 2 g parks in another 2 studies, and the RPARQ PA level measurement
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= Objective measurement data of PA was measured with the

3 2 following instruments including an accelerometer in 7 studies
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;C; E .‘.: % = was examined in 10 studies (36, 38, 40, 41, 47, 48, 52, 58, 59, 61) as

g = . . - .

8 Gg 5 g E shown in Table 3. The level of PA in the majority of the populations
was found to be light PA (LPA). For example, the reports in two of
the largest studies, one conducted in Pernambuco Brazil on active
cities (41) and another one recreo via in Colombia (61), found

§ I _ that 25.8 and 57.8% of the population performed LPA, respectively.
-‘E o i % \”'\l In addition, the greatest effects of environmental interventions at
= s 3 = e social level were in schools and workplaces. In schools, the
S B = z 3 o th 1 level hools and workpl In schools, th
- g;) g g ;“: 2 percentage increase of PA was 2.3-6 points after a period of 12—
E gl:_) E é ,5 % 16 weeks of the program (38). Regarding workplaces, the increase
& from moderate to vigorous activity was 19.3% in 1 week (47).
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TABLE 2 Main methodological characteristics of the studies.

References Population Physical activity Type of natural experiment Public policy
measurements
Torres et al. (35) 1,533 participants over 18 years of 3 groups of parks with new TPAQ Cross-sectional Pre-post comparison with Recreovia program in Bogotd, Colombia,
age in the recreation track and 9 recreation track, old recreation Accelerometers control group Muevete Bogota
parks track and without recreation track MVPA
Activity level
Dill et al. (36) 8 bicycle lanes and 11 control Pre- and post-intervention with IPAQ Cohort pre-post with control group Part of the policy but does not express it,
streets, 353 adults two groups in bicycle lanes Accelerometers
MVPA level of activity
Location with GPS
Prinss et al. (37) 8,783 participants 175 trips 40,000 1km green corridor compared to SOPARC Quasi-experimental nested in a cohort Be active, be healthy: a plan for getting the
users control group Physical activity nation moving London: Department of

level MPA—MVPA

Health; 2009.

Gesell et al. (38)

400-800 users in the 4 parks

Two intervention parks and two

Level of physical activity

Prospective cohort

Strategic Plan for NIH Obesity Research.

GPS location monitored

control parks MPA—MVPA Shaping America’s Youth.
Metabolic expenditure in METS ‘White House Task Force on
Childhood Obesity.
Barradas et al. (39) 1,533 participants over 18 years of 3 groups of parks with new IPAQ Cross-sectional Pre-post comparison with Recreovia program in Bogotd, Colombia,
age in the recreation track and 9 recreation track, old recreation Accelerometers control group Muevete Bogota
parks track and without recreation track MVPA
Activity level
Goodman et al. (40) 1,164 individuals, both genders New transportation system in RPAQ Controlled before and after Cycling-England-cycling-city-and-towns-
Cambridge 19 kilometers of Accelerometers end-of-program
busway and bike/walking lanes MVPA
Activity level

Simoes et al. (41)

8,900 users in 84 cities in
Pernambuco

Two intervention groups with
modification and physical activity
programs and control without
modification

IPAQ leisure and transport
Level of activity according to
walking and participation

Cross-sectional Pre-post nested

Academia da Cidade (AC-R) program of
the city of Recife (AC-R), a supervised
classes

Esdaile et al. (42)

926 children 816 families

Two groups, one UTC and one
TCT each to determine weight loss
and activity.

Sociodemographic data
Parental data according to
economic level and poverty index.

Cross-sectional pre and post with control
group

Queensland Health. The Health of
Queenslanders 2016. Report of the Chief
Health Officer Queensland. Brisbane:
Queensland Government

Kapinos and Yakusheva
(43)

237 Students assigned to
dormitories

Pre- and post-intervention, groups
were worked according to distance
from the dormitories to gyms and
restaurants

Questionnaire

Height and weight data,
sociodemographic aspects
Exercise and diet data with direct
questions of frequencies

and number

Pre- and post-cohort with control group

U.S. Department of Health and Human
Services. Healthy people 2010: With
understanding and improving health and
objectives for improving health, In:
Services USDoHaH, Washington, DC
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TABLE 2 (Continued)

References

Hunt et al. (44)

Population

31 children average 6 year old and
parents

Pre- and post-intervention to a
group with an after school program

Physical activity
measurements

Height and weight measures
Cardiorespiratory fitness 20-meter
running test and PACER

Activity measurement with
accelerometer Activity
management forms for child
self-reporting time spent on daily
activities such as watching
television, home work time, and
computer and video games

Type of natural experiment

Repeated measures

Public policy

Part of the policy but does not express it,

Lee et al. (45)

165 surveys of students were
processed

Two intervention groups with
modification of a neighborhood
school

Survey of forms of transport to and
from school in children who were
transferred and level of activity

Retrospective

The federal Safe Routes to School (SRTS)
programs, pedestrian safety trainings at
local schools, Walking School Bus (WSB)
programs (a group of students walking to
school together led by an adult supervisor),
and walking-to-school day events

Allais et al. (46)

300 users of the transport system

3 groups, 2 intervention and 1
control group at metro stations

Filming of users with hidden
cameras

Measurement of stairway usage
and frequency of usage

Controlled before-after

French National Nutrition and Health
Program, 2011

Zhu et al. (47)

52 participants in the study and 36
in the post-test, 12 test control and
24 intervention

Two groups. The intervention was
called stand up and move and a
new adjustable workstation was
provided compared to a control

ActivePAL3C to measure the
activity, position and time
MVPA level of activity

Two-arm non-randomized controlled trial

Part of the policy but does not express it,

Tarp et al. (48)

312 students from 10 public
schools

2 groups from 14 schools in the
municipality, 10 intervention and 4
control.

Blood, lipid and glucose profile
measurements. Blood pressure and
waist circumference
measurements.

Andersen’s cardiovascular
endurance test was performed to
measure physical fitness with fast
running.

Activity measurements by
self-recording and accelerometer
level of physical activity from
MPA- MVPA

Controlled before-after with control group

Aldersrelateret treening—Malrettet og
forsvarlig treening af bern og unge. 2005,
Copenhagen, Denmark: Team Danmark

D’Agostino et al. (49)

2,250 children aged 6-15 years

Program is 10 months of
after-school activity

Sociodemographic data

Measure of change in ethnic group
segregation.

BMI and fat folds according to
CDC percentiles and systolic and
diastolic blood pressure numbers.
Aerobic capacity test with the
400-m run test

Before-after

CDC. Decrease in infant mortality and
sudden infant death syndrome among
Northwest American Indians CDC. A
public health action plan to prevent heart
disease and stroke
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TABLE 2 (Continued)

References

Nicosia and Datar (50)

Population

749 children of military

Two groups, military transfer
parents and non-transfer controls

Physical activity
measurements

Level of physical activity in
minutes per week and perception
of nutrition by intake

Time and frequency of
MPA-MVPA activity during the
week

Sites or scenarios available for the
practice of activity with

GIS system.

Type of natural experiment

Before-after

Public policy

U.S. Department of Defense. Overweight
Children in the Military Health System.
Washington,

Sunetal. (51)

Number of trips and change in the
types of trips

An intervention group with a new
subway line with 24 stations pre-
and post-measurement

Questionnaire of the preferences
and type of uses of transport, bus,
bicycle, walking or car, how long
and with what frequency

Before-after with control group

Part of the policy but does not express it,

Molenberg et al. (52)

n = 1,841 ages 6 (2008-2012) and
10 (2012-2015). (n = 1,607)
outside playground (n = 1,545).
Sedentary behavior

Two intervention groups with 18
new spaces in economically
depressed areas compared to a
control

Distance from the houses and
neighborhoods to sporting
grounds.

Use of spaces.

Hours spent on activity in open
environments during the week and
at the weekend.

Level of physical activity of

the participants.

Prospective cohorts

World Health Organization, 2012.

The Built Environment: Designing
Communities to Promote Physical Activity
in Children usa and Denmark

Kapinos et al. (53)

237 Students assigned to the
dormitories

Pre- and post-intervention, the
groups were worked according to
distance from the dormitories to
gyms and restaurants

Questionnaire, height and weight
data, sociodemographic aspects,
exercise and diet data with direct
questions on frequencies and
number of meals per day and
nutritional level.

Exercise and diet data with direct
questions on frequency and
number of meals per day and
nutritional level, number of days
and frequency of exercise and
distance walked to use the areas.

Cohort pre and post with control group

U.S. Department of Health and Human
Services. Healthy people 2010: With
understanding and improving health and
objectives for improving health, In:
Services USDoHaH, Washington, DC

Sharma et al. (54)

329 women

Multi-component pre- and
post-intervention program

Sociodemographic data.

Data on environmental,
psychological and behavioral
aspects.

Dietary behaviors related to
frequency of consumption, type of
food, physical activity in terms of
intensity, duration and frequency.
Physical activity in terms of
intensity, duration and frequency;
Psychosocial factors related to food
security, attitudes and ways

of eating.

Before-after

Early life-cycle approach in tackling
obesity, while advocating for a holistic,
systems-based per-spective in the
formulation of policies and interventions
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TABLE 2 (Continued)

References Population

Madsen (55) 6,967,120 school district students

Pre- and post-California Fitness
Program for children ages 5-7th
and 9th

Physical activity
measurements

Physical fitness was assessed using
the Fitness Gram.

Body composition area, BMI and
skinfolds or by

electrical impedance.

Type of natural experiment

Before-after

Public policy

Policy Position Statement on Body Mass
Index (BMI) Surveillance and Assessment
in Schools.

American Heart Association; 2008

Klakk et al. (56) 1,218 children

2 groups of 10 schools in the
municipality, 6 intervention and 4
control.

Blood, lipid, and glucose profile
measurements. Blood pressure and
waist circumference
measurements.

Andersen’s cardiovascular
endurance test was performed to
measure physical fitness with fast
running.

Activity measurements by
self-recording and accelerometer
for the level of physical activity
from MPA-MVPA

Quasi-experimental.

Pryce R, Willeberg S, Falkentoft C, Meyhoff
T: Aldersrelateret treening—Malrettet og
forsvarlig treening af born og unge. 2005,
Copenhagen, Denmark: Team Danmark

Aittasalo et al. (57) 44 companies, 1,833 workers

11 companies. The presence of
lanes or roads for cycling or
walking and use by workers for
active transport was determined
compared to control

Questionnaires on the use of the
bicycle or walking as a method of
active transport

Time of use in hours or minutes
and number of times per week on
the activity

LPA/MPA/VPA level of

physical activity

Randomized controlled trial

Ministry of Transport and
Communications (Liikenne- ja
viestintdministerio). Program for
Promoting

Walking and Cycling (Kévelyn ja py6railyn
edistimisohjelma). 2018

Stone et al. (58) 16 school districts, 1,027 children

and parents

BEAT pre-and post-program,
environmental project to
encourage physical activity in
school children in Ontario

Accelerometry

School-day and school-time
activity, measures of activity time
in counts, frequency and intensity
of MVPA

Cross-sectional before-after

Ontario Ministry of Education. Daily
physical activity in schools: Guide for
school boards

Azevedo et al. (59) 497 participants intervention n =

280; control 217

Two groups of 7 schools,
intervention 5,280; control 2

Accelerometry to determine
moderate to vigorous activity
times, calculation of activity type
according to counts

Sedentary or active style according
to level

Anthropometric measurements of
height weight, BMI by calculation
and densitometry

Aerobic capacity with the 20-m
multistage running test for VO,
Cardiovascular response and
self-efficacy of physical activity
with the self-efficacy questionnaire
for children and quality of life with
the kids screen 27.

Qualitative interview with teacher
and student

Non-randomized controlled trial with
qualitative study.

Part of the policy but does not express it
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TABLE 2 (Continued)

References

Heinen et al. (60)

Population

4,279 users responded and were
included in the study and 40%
completed

The low-cost community bicycle
habitat program in Australia, pre
and post, with 2,000 community
bicycles

Physical activity
measurements

Questionnaire psychological stages
to cycling

Change in transport activity
pattern to cycling, use, frequency,
use for recreation or use for
commuting to work

Calculated bicycle use time by
self-reporting and determined
bicycle use exposure by distance
from work to home and other
commuting sites

Type of natural experiment

Cohorts

Public policy

Brisbane City Council, 2016. via: https://
www.brisbane.qld.gov.au/facilities-
recreation/sports-leisure/cycling-brisbane

frozen waterways in winter

tracks in the groups by means of an
infrared system

Level of physical activity in users
who attended the track with the use
of pedometers on their waist
MVPA and counts steps

Sarmiento et al. (61) 4,925 park users 3 groups of parks with new SOPARC Cross-sectional Comparison pre/post with Recreovia program in Bogota, Colombia,
playgrounds, old playgrounds and Types of areas and use control group Muevete Bogota
no playgrounds Physical activity level MPA/MVPA

McGavock et al. (62) 176 users Two intervention groups of two Number of counts of the use of the Before-after with control group Part of the policy but does not express it

Main methodological, LPA, light physical activity; MPA, moderate physical activity; MVPA, moderate-vigorous physical activity; VPA, vigorous physical activity; METS, metabolic equivalents; AC-R, Academia da Cidade; SOPARC, system to assess the practice of
physical activity and recreation in parks and natural surroundings; IPAQ, physical activity questionnaire; RPARQ, recreation physical activity questionnaire; GPS, Global Positioning System; HEAL, Healthy Eating Active Living; PALMS, Physical activity location
measurement system; ActivePAL3C, active https://journals.lww.com/epidem/Fulltext/2008/11001/Geospatial_Measurement_Analysis_Of_Physical.186.aspx Physical activity location measurement system; PACER, walk system measurement; BMI, body mass index;
CDC, center disease control; VO,, volume Oxygen consumption; NIH, National institute of health; UTC, Universal Eligibility Criterion; TCT, Targeted Eligibility Criterion; SRTS, the federal Safe Routes to School; WSB, Walking School Bus.
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TABLE 3 Effectiveness of the programs.

References

Torres et al. (35)

Counts/sample

1,533 participants 80% reported
participating in the program for
more than 3 months, 29%
attending weekly and 43%
monthly, 64% participating in
classes AND (71%) Weekly class
attendance

Activity level

Activity type

97% reported walking on the
recreovia, cardiovascular (84%),
walking or bicycling as Public
Transportation (73%) and (18%),
respectively.

% Physical activity

Time physical activity
(%)

4 Number of minutes reported
for leisure walking by 30 min
compared to controls which has
a decrease of 90 min.
Recreational users via were more
active on accelerometers relative
to New users of vigorous 16 min
at week =+ 40, and at the weekend
(79 min of MVPA =+ 49) and at
weekend 20 min MVPA ratio 225
start 305 finish

Sedentary
time

Program impact

Positive evidence of the program at
the district level with increased
physical activity and inclusion of
new users in higher levels of
physical activity, this program
being one of the ways to
materialize the public policy.

Dill et al. (36)

} 307-240 and from 183 to 123 In
second follow-up

| MV from 39.5 to 39.6%

J Total time on bicycle from 104
to 66 min and walking from 107
to 89

The active transportation program
modifies habits in the population
but does not favor an increase in
activity during transportation time
given the limitations presented in
the study.

out-of-school intervention group
(LMV) by 3.0 percentage points (P
= 0.006), and 6 percentage points
over 12-week study period and
decrease in control group

1 MVPA by a mean of 2.8
percentage points in each
measurement period (P = 0.006),
with a total increase of 5.6% points
over the 12 weeks. The mean
difference observed between the
two groups of children who had
data at week 12 was 10.8 (P =
0.001) percentage points in LMV
and 13 percentage points in MVPA
(P < 0.001)

Prinss et al. (37) 414 participants % in bicycle use 23.2% and 22.8% in | - 4 minutes cycled between groups | - The effect of the commute program
each group 85.4 (71.8) and 87.2 (74.9) is important for increasing activity
times on transportation as a public
policy to encourage activity.
Gesell et al. (38) 82 children included - 41 Light total physical activity in the - Establishing community recreation

centers that incorporate structured
physical activity opportunities is
associated with significant
increases in physical activity
during after-school activity time
for public school children and
could be a promising low-cost
approach to improving children’s
health trajectories cost.
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TABLE 3 (Continued)

References

Barradas et al. (39)

Counts/sample

1,533 participants.

Activity level

Activity type

% Physical activity

Time physical activity
(%)

1 Total levels minute of
leisure-time PA 158.1 (SD =
230.2) men 187.7 (SD = 245.3)
women 145.8 (SD = 222.6)
Moderate levels of leisure-time
PA 81.9 (SD = 154.5) men 104.4
(SD = 176.8) women 72.5 (SD =
143, 2) Vigorous levels of leisure
time PA 76.2 (SD = 160.2) men
83.2 (SD = 160.9) women 73.2
(SD = 159.8)

Sedentary
time

Program impact

Participants reported elevated
levels of both HRQoL and Life
Satisfaction LS. Participants who
reported higher LS scores also
reported higher levels of
leisure-time PA. No differences
were found in differences between
HRQoL scores and leisure-time
PA.

The second objective of the study
was to differentiate levels of
HRQoL and LS among Recreovia
participants. Participants in
Recreovia showed better indices of
psychological wellbeing,
highlighting the potential of the
program to improve

physical health.

Goodman et al. (40)

4 5.81-6.78% prevalence of cycling
to work in 2011. Relative effect of
1.09 (95% CI: 1.07, 1.11). |,
Prevalence of driving to work
[—3.01 (—3.13, —2.88)].

14 out of 18 cities 1 higher cycling
prevalence in 2011

Increased prevalence of walking to
work [+1.71 (95% CI 1.62, 1.81)]
percentage points lesser extent, of
public transport use [+0.32 (0.24,
0.41)] percentage points

City-level interventions have
potential health and environmental
benefits, cycling is accompanied by
decreased car commuting to work
and increased commutation with
lifestyle modification. The results
indicate that city and cycling city
initiatives have so far promoted
cycling for healthy commuting and
health equity, while also providing
environmental benefits.

Simoes et al. (41)

10,000 participants

The proportion of individuals that
reached the LPA guidelines was
25.8%

For those who never participated
and began their participation and
to reach the levels (OR = 1.61;
95% CI 1.18; 2.20, <6 months
1.83; 95% CI 1.17; 2.86, p-value
= 0.0078) more than 6 months
(OR = 5.06; 95% CI 3.34; 7.67,
p-value b0.0001)

The community-based physical
activity intervention had a positive
impact on LTPA levels in the
population, especially among
women. Evaluation of complex
programs such as AC-P is feasible,
with the study design and flexibility
to rapidly fund and implement the
study.
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TABLE 3 (Continued)

References

Esdaile et al. (42)

Counts/sample

720 children the total number of
sessions 1for children enrolled in
groups with UEC (Mdn = 7, IQR
= 4.25-9, Mean Rank = 387) than
for children enrolled in groups
with TEC (Mdn =7, IQR = 3-9,
Mean Rank = 352), U = 43,178.5,
p =0, 049 two-tailed

Activity level

Activity type

% Physical activity

Time physical activity
(%)

Sedentary
time

Program impact

Program results suggest that
families with overweight children
are more likely to enroll in a
healthy lifestyle program without
weight criteria, in which marketing
is aimed at improving healthy
lifestyle behaviors, than in a weight
management program with specific
eligibility criteria. The program is
also likely to have eligibility criteria
and recruitment materials focused
on healthy weight.

Kapinos and Yakusheva
(43)

488 students

Dorm 7 houses one of the campus
gyms and dorm 2 is only 0.13 miles
from dorm 7. Despite exercising
more frequently, only females
assigned to dorm 2 weighed
significantly less in the spring.

Although male students reported
exercising more frequently on
average, both males and females
reported exercising less
frequently during the first year
compared to the year prior to
entering college.

Females in dorms 2 and 7
exercised more frequently during
the first year.

Hunt et al. (44)

26 children

PACER for walking 1 median, but
the change was not statistically
significant (baseline = 11 laps,
outcome = 14 laps, A = 3.00 laps,
p=10.26).

On program break weekends,
children accumulated 17.0 min less
MVPA (72.4 min, SD = 45.5). And
13.5 min less AFMV (75.9 min, SD
=45.0).

89.4 min of AFMV (SD = 38.6)
in the program. On days when
the program ran but children did
not attend, they accumulated
11.3 min less AFMV (78.1 min,
SD = 38.0).

During the week of the program
break, children accumulated 10.0
fewer min of MVPA (79.4 min,
SD = 37.3).

Program attendance with MVPA
was 45 min compared to 24 min
for children when they did not
attend the program or

program break

This finding suggests that
attendance at a structured summer
program may mitigate BMI gain
and loss of CRE, the impact of a
structured program on weight gain
and fitness loss, as well as
obesogenic behaviors. Children
maintained fitness, BMI, zBMI, and
BMI percentile from the beginning
to the end of the SLP.by helping
children adopt healthier behaviors.

Lee et al. (45)

Out of 165 subjects 68 changed to
active transport

41% active transport by bicycle or
walking, 58.8% no change

The study notes that the shift from
sedentary to active mode is
associated with perceived
environmental changes, such as
shorter travel distance, improved
safety conditions on the way to
school, and greater availability of
programs to support walking to
school.

This study offers some initial
insights into additional factors,
beyond the obvious distance factor,
associated with mode shift.
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TABLE 3 (Continued)

References

Allais et al. (46)

Counts/sample

205 individuals (49, 69, and 87 for
the easy, health and control groups,
respectively).

Activity type

Activity level

% Physical activity

Time physical activity
(%)

1 Use of stairs at the beginning of
the intervention in both the
health and easy groups, with
stronger effects for the latter but
not maintained over time.

Sedentary
time

Program impact

No differences between the
treatment and control groups in
the number of times individuals
reported playing sports in a week.
The stair use Advertisement
program did not create a habit of
stair use. At best, the effects of the
PDPs lasted 2 weeks after the end
of the intervention. As mentioned
at the end of the Introduction, one
effect of programs that encourage
investment activities is to
encourage the use of stairs.

Zhu et al. (47) _ - 124.9-17.5 LPA and | 6.6 t0 6.5 _ 1 337-281 Natural experiment with high
MPA sitting and 1 ecological validity with an

111-165 intergroup design and a strong

sedentary time comparison group.
The intervention group showed
less prolonged standing at the
workstation. The effect appears to
have been sustained for 18 months,
with concomitant improvements in
cardio-metabolic and
productivity outcomes.

Tarp et al. (48) 495 children _ % MVPA/day [unstandardized As for the blood chemistry On non- Despite the effectiveness of the
Structured participation in beta: —0.17 (- 0.67 to 0.33)], nor variables by increase over time, transformed intervention over 2 years, tripling
leisure-time physical activity [odds mean counts/minute the differences expressed in scales, curricular physical activity from
ratio: 0.79 (0.46-1.36)], differed [unstandardized beta: —25 (—58 to untransformed scales were —0.03 differences kindergarten to grade 6. did not
significantly between intervention 8)]. (—0.12 to 0.06) mmol/l, —0.08 between result in a significant reduction in
and control (—0.24 t0 0.08) and —0.10 intervention the number of children in the

(—0.33 to 0.14) for triglycerides,
TC: HDL-c and HOMA-IR,
respectively

and control
schools were
—0.3(=2.1to
1.5) mmHg,
—02(-1.6to0
1.2)
centimeters
and —9 (—39
to 20) meters
for systolic
blood
pressure, waist
circumference
and
cardiorespiratory
fitness,

respectively.

classroom or the number of
clustered or individual biological
risk factors between intervention
and control schools, when assessed
after 6.5 years.
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TABLE 3 (Continued)

References

Counts/sample

Activity type

Activity level

% Physical activity

Time physical activity
(%)

Sedentary
time

Program impact

interest was significant only for
vigorous PA, but never for
moderate PA. For vigorous PA, the
coefficient coefficient of the
interaction statistically significant
(coefficient 12, 5, po0.05), those
living outside the facility
(coefficient 18.6, po0.05), and only
for those who moved (coefficient
12.1, p00.05).

those who had not, the
association of interest was
positive and significant among
those who had moved less
recently (coefficient 21.7,
p00.05), but not among those
who had moved more recently.
The coefficient was higher
among less recent movers who
consistently live away from home
(coefficient 35.9, po0.01)

D’Agostino et al. (49) 2,250 children Girls who had decreased Non-Hispanic Worldwide, parks are accessible to
segregation showed greater Afro showed the public and should be
improvement in all outcomes greater considered a valuable global
cardiovascular activities improvements resource in the effort to prevent
compared to boys Both in skinfold childhood obesity and promote
non-Hispanic Afro and thickness, health equity. Effective global
Hispanics who had decreased SBPP, and public health policy must address
segregation running time, health inequalities through

while targeted prevention strategies and
Hispanics resource-based health equity.
showed greater | The United States suggests that
improvements increasing population physical
in BMIP and education in public schools is a
DBPP 187-126 | cost-effective method to reduce the
sg in 400-m burden of hypertension and reduce
run in the burden of cardiovascular
cardiovascular disease attributed to hypertension.
health
140-104 sg in
400-m run

Nicosia and Datar (50) 829 children. By type of PA, the association of ‘Who had moved recently from

This study suggests that greater
access to PA opportunities in
neighborhoods may be an
important avenue for increasing
PA among adolescents.

The focus on children in military
families could raise concerns of
generalizability. However, the
majority of the sample did not
meet recommended levels of PA,
similar to the general population.
The results might not be
generalizable to younger children
who rely on their parents for PA or
to adults with stronger habits.

The natural experiment addressed
assignment to location in terms of
facility and individual-level fixed
effects but did not address
unobservable facility variables and
individual-level fixed effects

over time.
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TABLE 3 (Continued)

References

Sun etal. (51)

Counts/sample

| 5,436-1,770 participants

Activity level

Activity type

| % of time journeys for work and
not walking bicycle and bus
between 2 and 28% in each, and
increase in metro, car and metro
from 28 to 33%

% Physical activity

Time physical activity
(0

o

Sedentary
time

Program impact

Natural experiments are becoming
an increasingly popular tool to help
transportation and health
researchers generate better
evidence when real experiments
are not possible.

The results the context of a
developing city provide new
evidence of the impact of the new
subway on modal commute and
active travel, new urban trains or
urban rail system does not
necessarily encourage increased
active travel or reduced car use.
Finally, knowledge of urban and
transportation planning can help
design and develop complex
natural experiments on
transportation and health.

Molenberg et al.(52)

171 children participated in the use
of 600 m of new spaces

Having 600 m of space dedicated
for PA % no change in outdoor
play in children 6-10 years
compared to control

Children aged 10 years played

40 min more and in families with
low maternal education level the
children played 96 min more
during the week

Reducing the
distance to 100
meters did not
present effects
in sedentary
behavior or
increase in
activity

The introduction of spaces
dedicated to PA can increase
outdoor play time and change in
sedentary behaviors for children
from more socioeconomically
disadvantaged families.
10-year-olds with a nearby PA
space played 0.5 h/week more
outdoors compared to children
without dedicated PA spaces
around the house. In the case of
children from families with a lower
maternal educational level,
outdoor play was 1.5 h/week
higher. These estimates are larger
than those found in the
experimental (natural) setting,
suggesting that both selection and
causal mechanisms may explain
the relationship between access to
play facilities and physical activity.
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TABLE 3 (Continued)

References

Kapinos et al. (53)

Counts/sample

1,935 participants

Differences in changes according to
distance to gym in 5 h per week

by proximity

Activity level

No effect of Proximity to gym on
BMI for females, those living
within 0.39 miles of a campus gym
more likely to exercise frequently
(more than 5 h per week), females
living 0.39 miles or farther away
less likely to exercise frequently.

% Physical activity

Time physical activity
(%)

Proximity to a campus gym had
no effect on exercise frequency
for males. Males living more than
0.39 miles from the nearest
campus gym had significantly
lower BMI and those living
closer were significantly less
likely to exercise.

Sedentary
time

Program impact

Exogenous changes in the physical
activity environment may lead to
changes in weight and related
behaviors but we failed to provide
clear and robust evidence for such
a relationship. Understanding
spatial effects is challenging, as
simple linear distances may not
capture the implicit cost of using
nearby physical activity services.

Sharma et al. (54)

210 women

14% increase in the number of
women who reported being able to
walk at least 10 min 5+ days per
week

Physical activity for a total of at
least 30 min during the past 7
days 3+ days per week from 82
to 113

Walking at least 10 min in a row
for the last 7 days from 97 to 125
15% increase in the number of
women reporting themselves
active for at least 30 min per day
3 or more days per week

Programs such as HEAL provide a
framework for successfully
initiating clinic-community
linkages and demonstrate the
initial feasibility and acceptability
of their implementation.

HEAL demonstrates the feasibility
of implementing this framework at
the clinic and community level,
>95% fidelity in program
implementation, and acceptability
of program strategies. By
integrating a primary prevention
approach to childhood obesity into
the healthcare system, HEAL aims
to create a model for system-level
approaches to childhood obesity
prevention, beginning in
pregnancy.

The study demonstrated an
increase in physical activity among
HEAL participants before and after
the intervention, each week the
women participated in physical
activity sessions.
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TABLE 3 (Continued)

References

Madsen (55)

Counts/sample

6,967,120 students

Activity level

Activity type

% Physical activity

Time physical activity
(%)

Valid BMI data for 6,967,120
students, representing 72.7% of
all 5th, 7th, and 9th graders for
the years 2001-2008

Sedentary
time

Program impact

Widespread use of BMI screening
and reporting is encouraging, as it
reflects the willingness of schools
to devote resources to addressing
the obesity problem.

In addition, research could explore
how this type of information could
be used more widely with other
stakeholders and in policy. In the
meantime, schools are likely to
reap greater benefits if resources
are used o increase opportunities
for physical activity and

improve nutrition.

Klakk et al. (56)

1,218 (81%), 697 of 773 (90%) from
intervention schools and 521 of
734 (71%) but with different
measures control

The difference in changes between
intervention and control for TC:
HDL, WC and CRF was small and
insignificant. CRF 896-967 mt int
and 893-961 mt cont

Six physical education classes per
week significantly changed
children’s composite CVD risk
score in favor of children
attending intervention schools.

Mandatory physical education
intervention with six lessons per
week in public schools may reduce
cardiovascular risk factors in
children.

The effect size observed in this
healthy pediatric cohort, with the
largest effect in the subgroup with
the poorest composite risk score,
which encompasses children in
need of prevention, underscores
the potential for school-based
intervention programs.

Aittasalo et al. (57)

1 646-1,013 cycling and 309 to 346
walking

4 Commute to bicycle 36% and
walking 11%

4 Commute time from walking
and cycling for transport

The present study uses a
socio-ecological framework in
promoting commutation in a way,
which has not been used in
previous studies. Environmental
improvements were part of the
city’s traffic plans and social and
behavioral strategies.

In addition, the intervention
included several types of
workplaces and the feasibility of
the protocol related to the social
and behavioral strategies had been
previously tested.
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TABLE 3 (Continued)

References

Counts/sample

Activity level

Activity type

% Physical activity

Time physical activity
(%)

Sedentary
time

Program impact

Stone et al. (58) 856 participants 19.3% of participants (n = 165) The overall intensity of their DPA The objective of this paper was
16.6% participated in daily activity accumulated at least 1 sustained activity was activity was higher frequency was to assess whether the Ontario
on 2 days, 17.9% on 3 days, and session (>5min) of MVPA during and they accumulated positively Ministry of Education’s daily
16.1% on 4 days the school week. The proportion significantly more minutes of associated with | physical activity policy (DPA) is

varied among the 16 participating moderate to vigorous activity total physical being effectively implemented in
schools (0-45%). Most children throughout the school days activity elementary schools. The results
(74.5%) accumulated 1 session, (MVPAWD) and during the 423,386 show that most schools do not meet
while 18.2 and 3.7% accumulated 2 school day period (MVPASD) (126,369), the required frequency (5 days) or
and 3 sessions, respectively; only 6 TPAWD 422. 429 (124,245) to mean counts intensity (maintaining vigorous
children (3.6% of the sample) 460,778 (135,477) MWD 437. 5 and activity for at least 20 min) of the
accumulated 4 sessions (140.9) A 463.9 (166.4) cumulative DPA policy.
MVPAWD 30.2 (13.8)A 34.1 weekday However, our work demonstrates
(16.1) MVPASD 15.1 (7.3) 18.0 MVPA that frequency and intensity of
(8.8) minutes (r = DPA is positively related to student
0.10-0.13, p < health behaviors/outcomes.
0.01).29.6 Although our design prevents us
(13.5) DAYS from determining cause and effect,
a positive relationship between
DPA and physical activity/health in
children clearly exists.
Longitudinal studies are needed to
establish whether benefits in
students when the policy is
effectively implemented.

Azevedo et al. (59) 497 participants (intervention n = There was no statistical difference Percentage of light physical activity | Light physical activity (min.d-1) Sedentary time | Implementation of a dance mat

280; control n = 217). between intervention and control (mean difference = —2.3%, 95% CI | basal 205.6 & 36.0 post 234.3 £ (min. d-1) exergaming scheme in public high
participants between follow-up =—4.5t00.2,p =003 36.4 diff = —28.7, (95% CI = BASAL 502.3 schools was associated with an
adjusted means for self-efficacy for MVPA (min.d-1) Basal 52.2 & 16.4 —46.5 to —10.8, p = 0. 02), MV +66.5 (152) improvement weight, BMI, body
physical activity or aerobic fitness. post 58.2 & 16.0 diff —5.6 (—13.6 (min.d-1) Basal 52.2 + 16.4 post POST 512.7 £ fat percentage and some
to 2.3) 58.2 & 16.0 diff —5.6 (—13.6 to 63.5 (32) parameters of health-related
2.3). Total MV activity (counts percent quality of life, but not with aerobic
min-1) basal 892.5 & 187.2 post sedentary time | capacity, self-efficacy for physical
993.0 + 230.7 diff —100.5 (mean activity or school attendance.
(—193.3to —7.6) difference =
3.3%, 95% CI
=—0.7to
—59,p=
0.01)
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TABLE 3 (Continued)

References

Counts/sample

Activity level

Activity type

% Physical activity

Time physical activity
(%)

Sedentary
time

Program impact

Parks with existing recreational
pathways 1 = 994 % 29.9 Parks
implementing future recreational
pathways n = 147% 29.8 Control
parks n = 338% 33

(7.0%) and basketball (6.6%). less
frequent swinging (0.6%) and
running (0.5%), parks with existing
Recreovia, aerobic 21.2%). parks
with future Recreovia, the main
activity skating (5.9%). control
parks activity carried out
basketball (11.4%).

Men soccer (14.3%), basketball
(10.1%) and standing (8.5%). least
common jogging/running and
stretching (0.6%),

recreational trails n = 991% 57.8
Parks implementing future
recreational trails = 106% 50.3
control parks n = 144% 44.7
Vigorous: Parks with existing
recreational trails n = 287% 16.8
Parks implementing future
recreational trails = 39% 18.5
control parks n = 35% 10.9

Recreovia moderate to vigorous
physical activity (MVPA),
compared to women observed in
parks without Recreovia 75 vs.
61%; p-value < 0.00

Males more likely to engage in
MVPA in parks without
Recreovia vs. parks with
Recreovia 71 vs. 65%, (p-value <
0.01) 1

Heinen et al. (60) 4,637 respondents No statistically significant Reduction in total time spent Our results indicate that residential
associations. between proximity to cycling by 1.98 min per week. proximity to a bike share station
a bike share station and changes in Average time spent 8.8% (n = was not significantly associated
time spent cycling 362) increased their total cycling with a higher level of (intention to)
time by 35 min or more in 1 use nor with a greater propensity to
week, 81.5% (n = 3,356) changed increase total time spent bicycling,
their total cycling time by perhaps due to the older cohort in
<35min. 9.7% (n = 400) our sample. Studies have indicated
reduced total cycling time by that older people are less likely to
35 min. adjust their travel behavior
compared to the younger age
cohort.
Sarmiento et al. (61) 4,925 users Women aerobic (7.7%), walking Mild Parks with existing women parks with existing Parks with Recreovia were more

likely to be used by women and
had a higher percentage of users
compared to parks without the
Recreovia program. The presence
of the Recreovia program was also
associated with higher levels of
MVPA observed among women.
Providing culturally appropriate
PA and dance classes and dance
classes in public parks on weekends
could be a promising strategy to
promote PA among women.

McGavock et al. (62)

4 405-1,813 and 2,449-4,516 in
two follow-ups

4,195 steps in 39 min, 4,796 vs.
3,987 steps during the week

4 MVPA in minutes (32 vs.
25 min) and accumulated 27 +
18 min of MVPA

The creation of a trail on a frozen
waterway resulted in a significant
increase in visitors to a network of
urban trails. The activity dose that
users achieved while on the frozen
waterway was within the range
necessary for health benefits. Trail
users reported significant health
benefits associated with trail use.
Frozen waterways are a novel
population health intervention to
support increased physical activity
after the winter vacations.

Effectiveness of the programs, PA, physical activity; LPA, light physical activity; MPA, moderate physical activity; MVPA, moderate-vigorous physical activity; VPA, vigorous physical activity; METS, metabolic equivalents; MVPAWD, moderate-vigorous physical
activity week day; MVPASD, moderate-vigorous physical activity school day; DPA, Diary physical activity; HRQoL, health related quality of life; TC, total cholesterol; HDL, high density Lipids; CRF, Cardiorespiratory function; CVD, Cardiovascular Disease; BMI,
Body mass index; HEAL, Healthy Eating Active Living; PDPs, Point-of-decision prompts; PACER, walk system measurement.
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In contrast, in two studies, one with an intervention of activity
in the neighborhood in the cities (52) and the other examining
bicycle commuting (36), no changes in the use of bicycle areas or
boulevards were reported.

The increase of PA as an outcome was reported in 14 records
corresponding to 11 studies (35, 37, 40, 43-45, 51, 54, 57, 59, 60).
In these studies, aerobic activities such as running, jogging, or
walking were implemented. Also, the use of bicycles as an activity,
commuting as a means of transportation, or as a method to access
public areas was found (35, 37) with bicycling being the most
effective as a means of transportation reported in 7 studies (35, 37,
40, 45, 51, 57, 60). One of these studies (40) reported an increase
in the prevalence of bicycle use from 5.81 to 6.78%, with an Odds
Ratio (OR) of bicycle use 0f 1.09 (95%CI: 1.07-1.11), and a decrease
in the use of the vehicle with an OR of 3.01 (95%CI: 3.13 to —2.88).
Three studies found an increase in school activities and walking,
and also intra- or extracurricular PA with two of the studies in
schools (44, 59) and one in parks (35). The study examining PA in
parks found an increase of 97% in walking on the playground, 84%
in cardiovascular activities, and 18% in cycling as transportation.

Changes in the time of PA were also examined of which 15 of 22
studies) (35-37, 39, 41, 43, 44, 46, 48-50, 52-62) demonstrated that
the changes generated an increase or modification in minutes spent
in PA, whether it was daily, weekly, and total PA for the population.
Eight studies in the school area (43, 44, 48, 49, 55, 56, 58, 59)
reported an increase of 89.4min of weekly PA in students with
increases in LPA from 422 to 460 min, vigorous PA from 30 to
40 min per week, and total PA from 187 to 230 min per week.
Similarly, the studies of PA in parks and cities (35, 41, 50, 52) found
an increase in the minutes of participation in recreational pathways,
parks, or modified city areas, with an accumulated total time of
27 min of moderate-vigorous PA (MVPA). An improvement in the
number of women actively participating in provided programs was
also reported, with an increase in walking time that was >30 min
with a variation of 82 (54, 61). In children, an increase in PA of
40 min was observed, and in children over 10 years of age or in
children from economically deprived families, the increase in PA
time ranged from 96 to 113 min (50, 52). The study of Brazilian
cities (41) demonstrated a dose-response relationship where a
stronger association with adherence to leisure time PA guidelines
was found the more exposed the population was to the program and
whether the exposure was current compared to a past exposure. In
this same sense, commuting as a form of transportation increased
the time spent cycling or walking as shown in Table 3.

Finally, three studies reported a change from sedentary to active
lifestyle (47, 52, 59) with an increase in PA time and a decrease in
sedentary time highlighted by a diminution in sitting time from 337
to 281 min in participants who were examined in the workplace,
school children, and city programs.

Risk of bias in the included studies

Natural experiments are very useful in public policy due to the
fact that the population is assessed in their environment at the
time that programs or policies are implemented (63, 64). At the
same time, one weakness of natural experiments is the risk of bias.
Table 4 illustrates the results of the risk of bias assessment of the
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studies included. As shown, the risk of bias differs among studies,
but there is an implicit risk of bias in natural experiments in the pre-
intervention, during intervention, and post-intervention periods.

Discussion and conclusions

This systematic review focused on environmental social
strategies to increase PA. The results found multiple social
programs worldwide were studied through natural experiments.
Twenty-four experiments from 28 reports developed in different
environments such as schools, workplaces, streets or cities,
neighborhoods, and parks were reviewed and analyzed to
determine the effectiveness of promoting PA in populations. Of
the included studies, 12 were carried out in external environments
such as parks, cities, neighborhoods, or crosswalks, and the other
12 were carried out indoors or outdoors such as in schools and
companies. The experiments provided innovative proposals for
social programs that seek to increase PA and promote healthy
lifestyles related to public policies developed in the countries in
which they were generated.

Worldwide, environmental modification programs from the
social perspective have gained relevance for the implementation
of policy-based programs in countries whose impact has been
evaluated through natural experiments (26). Natural experiments
have strengths and weaknesses inherent to their methodological
design and the scope of their conclusions. These studies have a
higher risk of bias given population selection and confounding
in the management of variables. But it is important to note that,
although they have these central problems, they allow the analysis
of community or environmental interventions in large populations
and groups. In our systematic review, natural experiments were
of vital importance given the prospects of working on PA from a
population standpoint and reducing chronic non-communicable
diseases as established by the WHO (65).

The use of natural experiments and their impact on the
modification of public health problems like our study have been
presented in three key studies. One of the largest studies was
reported by the WHO in a different area with three large projects.
The first was from Austria about the regulation of trans fatty acids
to prevent mortality from all cardiovascular causes and coronary
heart disease (66). The second was from Russia on the effects of
tobacco control policy to prevent cardiovascular disease (67) and
finally, a study from Romania on the increase in tobacco taxes
(68). These three experiments from the WHO European project of
natural experiments raise the strengths of their use in implementing
public policies but their methodological weaknesses as well.

Another important factor to consider is the manner in which
environmental modification and active transportation is related
to health equity (69). A previous review included 28 studies
carried out in adult and child populations. In contrast to our
study, they included prospective, longitudinal, cross-sectional,
repeated measures studies, and a natural experiment. Although
the types of studies were different, all programs were focused on
promoting PA through walking, bicycling, park-based programs,
neighborhood modification, and even environmental recreation
activities. Another difference was the list of risk of bias evaluation
in which the instrument of evaluation of public policies in health
practices of the Canadian Association for observational studies
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TABLE 4 Risk of bias in the studies included.

Author/
measurement

Pre-intervention

Confounding

Selection

During

intervention

Intervention
measures

Interventions
performed

Post-intervention

Outcome measures

Reporting
bias

113

Torres et al. (35) X Lack of control of variables X Selection by recreation via v Vv X Measurements in subsamples not | ./
the whole population
Dill et al. (36) X Lack of confusion management X Selection of participation in Vv X Losses to follow-up X Measures vary among N
boulevard participants as there are losses to
follow-up
Panter et al. (37) / Protocol X Selection of participation Vv N N N
Gesell et al. (38) 4 X Broad inclusion criteria Vv N N N
Barradas et al. (39) X Lack of control of variables X Selection by recreation via J v X Measurements in subsamples not |/
the whole population
Goodman et al. (40) / Protocol X Selection of participation Vv N N N
Simaes et al. (41) X Lack of control of variables X Selection by participation in the Vv N N N
cities
Esdaile et al. (42) X Lack of control of confounding X Selection is by entry into the v J X Measures focus on BMI J
variables Peach program
Kapinos and Yakusheva (43) X Lack of control of variables X Selection by allocation of J N X Bias due to self-reporting N
bedrooms measures or no direct
measurement of anthropometric
changes
Hunt et al. (44) N X Broad inclusion criteria in Vv J X Measurements are not N
after-school program population-wide
Lee et al. (45) X Lack of control of confounding X Selection is by entry into the Vv N X Retrospective measures N
variables Peach program
Allais et al. (46) X Lack of control of confounding X Selection is by use of subway N X Loss to follow up. Vv J
variables stairs
Zhu et al. (47) X Lack of control of confounding N Vv X Loss to follow-up N X Non-uniform
variables measurements in
the two groups
Tarp et al. (48) X Confusion present no nutritional | X Selection bias, although it Vv X Loss to follow-up and data. N N
information in the analysis establishes entry criteria
D’Agostino et al. (49) X Lack of control of confounding X Selection by participation in the N v v N
variables program although there are broad
criteria
Nicosia and Datar (50) X Confusion present due to J N J X Risk of bias measured by J
program entry at military bases self-reporting
(Continued)
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TABLE 4 (Continued)

Author/
measurement

Pre-intervention

Confounding

Selection

During
intervention

Interventions
performed

Intervention
measures

Post-intervention

Outcome measures

Reporting
bias

Sun etal. (51) X Confusion because it is handled X Selection bias due to unclear Vv N X Bias in measurement due to N
according to distance to the meter inclusion criteria memory bias
Y
Molenberg et al. (52) X Confusion because it is handled X Selection bias due to not having Vv X Loss of sample of the subjects X Not having GPS measurements N
by participation in the new spaces clear inclusion criteria evaluated because they lived far that determines the distances of the
of the city / from the selection area children to the work areas, and
memory bias in the parents could
affect the measurement
Kapinos et al. (53) X Lack of control of variables / / X Selection by allocation of v v X Bias by self-report measures or J
N bedrooms by not directly measuring
anthropometric changes
Sharma et al. (54) X Risk due to control of N J J N N
confounding variables
Madsen (55) X Risk due to control of X Selection by allocation fitness J N X Risk in measurement only imc N
confounding variables program measure is reported as indirect
XA measure of activity
Klakk et al. (56) N X Selection bias, although it 4 X Loss to follow-up and data N N
establishes entry criteria /
Aittasalo et al. (57) X Attempt is made to control X Selection by use of N X Loss of sample of subjects X Bias by self-report measures and X Attempt is made
variables but missing / transportation evaluated loss in accelerometry measures to control variables
but missing /
Stone et al. (58) / Protocol X Convenience selection bias Vv N X Loss of measured variables due N
to incomplete data
Azevedo et al. (59) X Lack of control of variables X Differences in baseline between Vv X Loss to follow-up and data X Loss of measured variables due N
schools to incomplete data
Heinen et al. (60) X Confusion present due to X Selection due to participation in N X Loss to follow-up X Bias due to self-reporting J
participation in the program. the bicycle programs measures and loss in measures
Sarmiento et al. (61) X Lack of control of variables X Selection by recreo via Vv N N N
McGavock et al. (62) X Lack of control of variables X Selection by frozen channel use J N X Bias by measures of register of N
channel use
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was used, but although the list was different, the evaluation was
similar, finding weaknesses in the studies methodology but with the
advantage in the description of the effectiveness of the promotion of
PA. The previous research measured the activity reported ranging
from the use of types of transportation to specific measures of
activity in metabolic expenditure in METS or level of PA from mild
to moderate to vigorous. Within the impact reports, increases in
the number of users, metabolic work, or the level of moderate or
vigorous activity were found to have a greater impact in school
and adult physical activity programs, followed by those of parks
or playgrounds modifications and those of urban renewal with the
implementation of programs in the scenarios similar to our review.

In this same line, but in systematic reviews in different
levels of evidence related to public policies and environmental
modifications is an integrative review of systematic reviews and
meta-analysis of urban modification and promotion of PA in
Latin America. The results were reported in 14 articles and
included 8 systematic reviews with studies of different levels
from cohorts, cross-sectional, experimental, cases, and controls
among others (70). The studies were developed especially in
Australia, the United States, and England. The findings showed that
programs which were proposed in the environment such as the
development of bike paths or recreational spaces, transportation,
and commute to active transportation increased the PA. Within
the programs found there was evidence of an improvement in
the levels of activity within a range of 8-33min of walking
per day with an increase in activity similar to that found in
our results. In addition, the study found that the development
of outdoor spaces that created scenarios in the population for
the practice of the activity and the use of active transportation
such as bicycles, walking at school and work level improved PA.
The results of the study also suggest that the level of activity
could rise by maximizing the use of physical spaces by satellite
geo-referencing in neighborhoods and cities to increase activity
and shows the relevance of developing public policies related
to PA.

In the area of environmental programs focused on active
transportation, there were two reviews, one systematic and the
other synthesis of evidence from systematic reviews. The first was
based on interventions to increase cycling (71) and the second
was on urban environmental interventions to increase PA (72).
In the first report with 12 studies, 2 clinical trials and 10 pre-
and post-intervention of individual, group, and environmental
interventions with outcomes to promote active transportation
found that the implementation of programs focused on the
individual or environmental infrastructure increases the level of
transportation trips from 7 to 12%, with an OR of 7.8 in participants
who rode a bicycle more than 2km. Also an increment of 27.5%
during the use of cyclists who use active transportation in the
last 5 months, similar to what was reported in our study with the
increase in time and number of trips. Similarly, an increase of
47.5% in the number of cyclists was found in a program in New
Zealand where a bridge was constructed and not only improved
PA levels, but also increased health status (71). Secondly, eight
systematic reviews all of which were focused on the impact of urban
interventions on PA demonstrated an increase in activities such as
walking, cycling, switching from bus transportation to walking, or
the use of bike lanes for the control of chronic non-communicable
diseases (70).
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Related to the topic of environmental modification, a
systematic review but in different levels of evidence ranging from
controlled trials to cross-sectional studies in the school setting,
focused on in-school programs as in our study. The review of
the effects of classroom-based programs on PA outcomes and
academic performance (73) included 39 studies that examined the
effect of activity programs in school settings. As in this review,
there were programs to increase activity in the classroom for
children and adolescents and included active rest periods based on
aerobic activity to achieve the movement of students in the class
to extra-classroom programs focused on sports or with additional
equipment and implements to increase the level of activity. It is
also noteworthy that the time and activity were variable among
the programs ranging from 4-min of daily vigorous-level classroom
activities to 20 min of moderate PA twice a week. Also, programs
focused on the curriculum, such as the Ontario Natural Experiment
have been studied in which in mathematics, language, science, or
social studies classes incorporated cognitive academic skills with
PA goals. In this paper three studies, two experimental cluster
studies and one quasi-experimental study, were meta-analyzed
to determine the effect of the program on PA, finding 95%
heterogeneity with a non-significant effect of 0.40 CI —0.15 to 0.95.

About the applicability of these results in our review is
important to consider since most of the studies come from high-
income countries, and little information exists on middle- and
low-income countries, likely because the urban modifications
in-built environments is determined by the use of the land,
density, and urbanization. This is important because economic
and educational aspects influence the type of environmental
interventions implemented and the possibility of changing
behaviors in the population. The evidence shows some favorable
results related to the implementation but stronger evidence is
needed to determine the changing in behaviors (72, 74).

In conclusion the 24 reviewed studies suggest innovative
proposals for social programs that seek to increase PA and
promote healthy lifestyles related to public activity policies
developed in the countries in which they were generated.
Environmental social programs can positively impact PA levels
among children and adults. It is important to highlight that these
documents presented and this research reflect the importance
of implementing public policies aimed at promoting PA from
an environmental perspective. Structural modifications and the
creation of social programs from socioecological perspectives allow
the establishment of other perspectives of approaching PA that
not only focus on the individual but also how changes in the
environment facilitate the implementation of plans, programs,
and public policies for PA. It appears important that a central
mission of a country is to implement policies to promote PA
with a comprehensive vision centered on the populations within
a country.

Strengths and limitations

This systematic review based on natural experiments has
several advantages including (1) the examination of large
populations in natural settings providing an understanding of
the effect programs and modifications to existing program
may promote PA and (2) examining the implementation and
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measurement of public policies and programs established in the
studies. A risk of bias is implicit in natural experiments and may
introduce bias in the selection, measurement, and reporting of
results. Nonetheless, natural experiments are an important type
of study for decision-making in public health and especially in
assessment of PA in environmental interventions.
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Background: Forcibly displaced people face various challenges and are therefore
at higher risk of being affected by mental and physiological distress. The present
study aimed to determine levels of psychological well-being, PTSD symptom
severity, metabolic syndrome, and associated factors among forcibly displaced
people in Greece in response to WHO's call for evidence-based public health
policies and programs for forcibly displaced people.

Methods: We conducted a cross-sectional study among n=150 (50% women)
forcibly displaced people originating from Sub-Sahara Africa and Southwest
Asia living in a Greek refugee camp. Self-report questionnaires were used to
assess psychological well-being, symptoms of PTSD, depression, generalized
anxiety disorder and insomnia, perceived stress, headache, and perceived fitness.
Cardiovascular risk markers were assessed to determine metabolic syndrome,
and cardiorespiratory fitness was measured with the Astrand-Rhyming Test of
Maximal Oxygen Uptake.

Results: The prevalence of mental distress and physiological disorders was
overall elevated. Only 53.0% of participants rated their psychological well-being
as high. Altogether, 35.3% scored above the clinical cut-off for PTSD, 33.3%
for depression, 27.9% for generalized anxiety disorder, and 33.8% for insomnia.
One in four (28.8%) participants met criteria for metabolic syndrome. While the
prevalence of moderate or severe insomnia symptoms and metabolic syndrome
differed little from the global population, the risk of being affected by mental
distress was markedly increased. In multivariable analysis, higher perceived fitness
was associated with higher psychological well-being (OR=1.35, p=0.003) and a
decreased likelihood for metabolic syndrome (OR=0.80, p=0.031). Participants
with elevated psychiatric symptoms were less likely to report high psychological
well-being (OR=0.22, p=0.003) and had increased odds for higher PTSD severity
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(OR=3.27, p=0.034). Increased stress perception was associated with higher PTSD
symptoms (OR=1.13, p=0.002).

Conclusion: There is an elevated risk for mental distress compared to the global
population and an overall high mental and physiological burden among people
living in a Greek refugee camp. The findings underpin the call for urgent action.
Policies should aim to reduce post-migration stressors and address mental
health and non-communicable diseases by various programs. Sport and exercise
interventions may be a favorable add-on, given that perceived fitness is associated
with both mental and physiological health benefits.

prevalence, physical health, non-communicable disease, PTSD, stress, migrant, fitness

Introduction

Human-made conflicts and natural disasters have led to a
doubling of forced displacement in the past 10years, reaching an
all-time high of 94.7 million affected people in 2021 (1). These figures
will likely continue to grow due to armed conflicts, political oppression
and environmental changes (2). Even though most people are
internally displaced or find refuge in neighboring countries, forced
migration to Europe has more than tripled in the past decade (3).
Greece has been one of the main entry points for over 1.2 million
forcibly displaced people since 2015, as one of the southernmost
countries in Europe and due to its close sea border with Asia (1).

Forcibly displaced people are generally challenged with severe
mental and physical strains before, during, and after their flight (4).
While infectious diseases and injuries are often treated shortly after
arrival, new complaints, such as non-communicable diseases, can
arise (2). In addition, ongoing post-migration stressors such as
uncertainty about migration status, legal barriers, harsh treatment by
hardship,
discrimination, social exclusion, limited access to health services, and

authorities,  socioeconomic language  barriers,
lack of access to healthy food hinder the recovery from pre-migration
trauma and increase the risk of being affected by posttraumatic stress
disorder (PTSD) (2, 5). While it has been reported that forcibly
displaced people show high levels of resilience (6), the likelihood of
being affected with mental and non-communicable diseases is
markedly increased compared to the host population (7, 8). A recent

meta-analysis (9) documented prevalence rates among forcibly

Abbreviations: 95% Cl, 95% Confidence interval; BMI, Body mass index; BP: Blood
pressure; DSM-5, Diagnostic and Statistical Manual of Mental Disorders (5th edition);
GAD-7, Generalized Anxiety Disorder scale (7-item version); Hb, Hemoglobin;
HbAlc, Glycated hemoglobin; HDL-C, High-density lipoprotein cholesterol; ICD-
10, International Classification of Diseases (10th version); IES-R, Impact of Event
Scale-Revised; ISI: Insomnia Severity Index; ISRCTN, trial registry Primary clinical
trial registry recognized by the WHO and ICMJE; M: Mean, OR: Odds ratio; PHQ-9,
Patient Health Questionnaire (9-item version); PSS-10, Perceived Stress Scale
(10-item version); PTSD, Post-traumatic stress disorder; SD, Standard deviation;
SPSS, Statistical Package for the Social Sciences; VAS, Visual analog scale; VO2max
(ml/kg/min), Maximal oxygen uptake; WHO, World Health Organization; WHO-5,
5-item World Health Organization Well-Being Index.
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displaced people of 31% for PTSD, 25% for depression, and 14% for
generalized anxiety disorders. In addition, a series of physical health
complaints have been recorded among forcibly displaced people that
can be clustered in the metabolic syndrome and are associated with
an increased risk for cardiovascular diseases and diabetes (7, 10).
Overall, this double burden of mental and physical comorbidities
negatively affects the psychological well-being of individuals and
families and drastically reduces life expectancy compared to
unaffected counterparts (11). Organized sport and exercise activities
have shown promising effects in addressing mental and physical
complaints (12). At the same time, these complaints are often
accompanied by low fitness levels, whereas low fitness levels may
contribute to these physical complaints and, at the same time, also be a
cause of mental distress and physiological disorders (13).

Prevalence of mental disorders vary widely across studies with
forcibly displaced people, ranging from 2 to 88% for PTSD, 5 to 81%
for depression, and 1 to 90% for generalized anxiety disorder (14).
While heterogeneity in prevalence can be caused to some extent by
methodological differences, the discrepancy could also be attributable
to sociodemographic and post-migration differences (15). Therefore,
it is important to obtain population and context specific data. A recent
call has been made by the World Health Organization (8) for more
detailed data to accurately monitor and address the health status of
forcibly displaced people. This monitoring should also encompass the
conjunction of mental and physical determinants (16). Understanding
the specific health needs of forcibly displaced people and their
circumstances can provide valuable indicators for targeted programs.
Timely addressing individual mental and physical challenges could
prevent short- and long-term adverse consequences for forcibly
displaced people and the host countries. Since the marked increase of
forced migration to Europe in 2015, however, only three studies (17-
19) have examined the mental health of forcibly resettled adults in
Greece. As these studies focused predominantly on one mental
condition, a more comprehensive approach that incorporates mental
and physical health parameters is needed.

The present study aims to determine levels of mental distress,
physiological disorders, and associated factors among people living in
a refugee camp in Greece. Specifically, the study explored the
prevalence of mental distress and physiological disorders compared
to the global population and examined the association of specific
socio-demographic characteristics and clinical parameters with
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psychological well-being, PTSD symptom severity, and metabolic
syndrome to identify risk groups and obtain indications for
possible interventions.

Methods
Design and setting

This analysis is part of a larger randomized controlled trial that
examines the effects of a sport and exercise intervention on mental
health, cardiovascular risk markers, and physical fitness among people
living in a refugee camp in Greece (ISRCTN16291983). The sample
and the procedures of the present study were based on the sampling
and the procedures described in the registration of the project (20). In
this paper, we present cross-sectional data from the baseline data
assessment. Ethical approval was obtained by the Research Ethics
Committee of the University of Thessaly, ref. approval no. 39 and the
ethical review board of Northwest and Central Switzerland, ref.
approval no. AO_2020-00036.

The study was implemented in a refugee camp in central Greece.
The camp was founded in 2016 and can host around 1700 people. At
present, the camp operates under the management of an officer
appointed by the Ministry of Migration and Asylum and serves as a
temporary accommodation center where people wait for their asylum
applications to be processed. People live in the camp in containers,
which we will refer to as households in this study. While a family has
a container for itself, individuals share the container with up to four
people of the same sex and origin. The containers are equipped with
a bathroom, cooking facilities and air conditioning. At the time of data
collection an adult received 150 Euros per month for expenses such as
food, clothing, telephone bills, hygiene items, and public
transportation. In case of health complaints, a medical center with two
medical doctors, nurses and two psychologists from the Greek
national health service provided primary health services. The camp is
located in a rural area. The nearest village with a small grocery store
is 15 min walking distance. A town with an ATM, post office, clothing
store, or the possibility to print documents is 16 kilometers away and
can be reached by public transportation. While adults are not allowed
to engage in paid work due to legal barriers, school-age children can
attend public schools.

Based on the data provided by the site management, 1,376
residents lived in this camp in February 2021. Among them, 920
(67%) residents were aged 16 to 59 years, and 39% were women. The
forcibly displaced population is diverse in terms of sociodemographic
background. Most residents were from Afghanistan (45%) and Syria
(25%), whereas the remaining 30% were from West Asian (11%),
Sub-Saharan zone (17%), or other (2%) regions.

Participants

Eligible to participate in the study were individuals who (a) lived
in the selected refugee camp, (b) were between 16 and 59 years old, (c)
were able to read in English, Arabic, Farsi, or French, and (d) provided
written informed consent. For ethical reasons, a broad age range was
defined as an inclusion criterion, in order to enable as many as
possible to participate in the sport and exercise activities of the
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intervention trial. The site management provided a list of camp
residents sorted by language. Based on this list, potentially eligible
households were screened for sociodemographic background.
Recruitment was done by households to avoid exclusion of individuals
from the same household. A random sample stratified by sex was
finally drawn from all screened and eligible households. Additional
households were drawn in case of non-appearance in order for the
parent project to have a sufficient number of participants. A minimum
sample size of 136 participants was estimated based on a power
analysis to detect an intervention effect on PTSD symptoms (20).

Procedure

The screening, recruitment, and assessment processes were
carried out in May 2021. At the beginning of the study, as many
households as possible were screened to obtain an overview of the
sociodemographic background of the camp population. Residents
who were about to participate in the study were asked to provide
written informed consent before data collection. Information about
the purpose and procedure of the study was provided in writing and
verbally. All participants were assured that participation is voluntary
and that they could withdraw without any negative consequences,
particularly concerning their asylum application. This approach
protects participants from potential harm, coercion, and exploitation.
However, cultural and language differences may lead to
misunderstandings, with false expectations compromising voluntary
participation (21). To mitigate such misunderstandings, the study
recruited 10 research assistants from the camp residents based on the
recommendation of the site management. These research assistants
played a critical role in approaching residents, explaining the study,
obtaining informed consent, translating, and assisting with
data collection.

All measures were taken at the nearby Department of Physical
Education and Sport Science of the University of Thessaly due to the
availability of necessary facilities and equipment. Participants were
informed about their results after the assessment and were referred to
a specialist if a health risk was indicated. Participants received further
compensation for their participation in the form of a meal and sport
equipment. The highlighted measures ensured that the research
provided reciprocal benefits for those participating in the study.

Measures

Trained research staff were responsible for the data collection of
the outcomes (psychological well-being, PTSD symptom severity, and
metabolic syndrome) and predictor variables (sociodemographic
background, symptoms of depression, generalized anxiety disorder
and insomnia, perceived stress, headache, anemia, cardiorespiratory
fitness, and perceived fitness) by following a standard operating
procedure. All questionnaires were provided in English, Arabic, Farsi,
and French matching the native language background of most
participants. Additionally, translators were present during the data
assessment when needed. The measures have been previously used
with forcibly displaced people (15, 22-28), have been validated in
English, Arabic, Farsi, and French (29-50), and had acceptable or
good internal consistency (Cronbach’s alpha >0.7) in our pilot study
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(51). We used clinically relevant cut-offs to determine prevalence rates
of mental distress. A growing body of literature emphasizes that self-
report symptom-based measures are likely to inflate the prevalence of
mental distress in populations of forcibly displaced people (52-54).
Therefore, more conservative cut-off values were chosen (36, 40, 43,
55). As the instruments for perceived stress, headache, and perceived
fitness are not used for diagnostic purposes, the classification into high
and low profiles was done via median split. Information on the
sociodemographic background of the participants, including sex, age,
origin, educational background, number of relatives in the camp, time
fleeing (in months), and time in camp (in months) was collected with
a questionnaire.

Mental health

Psychological well-being was assessed with the five-item World
Health Organization Well-Being Index (WHO-5), which is specifically
designed to measure mental well-being (29). Each of the 5 items is
scored on a Likert scale from 0 (at no time) to 5 (all the time). Items
were summed up and then multiplied by 4, resulting in an overall
index between 0 and 100. Psychological well-being was finally
dichotomized in high (>50) and low (<50) well-being (56).

PTSD symptoms were assessed with the 22-item Impact of Event
Scale-Revised (IES-R) (50). The instrument is internationally accepted
and not culturally specific. The IES-R items refer to DSM-5 (57) and
ICD-10 (58) criteria of PTSD. Items were answered on a five-point
Likert scale from 0 (not at all) to 4 (extremely), resulting in an overall
index between 0 and 88 points. The cut-off for a possible PTSD
diagnosis is set at >46 (55).

Depressive symptoms were assessed with the 9-item Patient
Health Questionnaire (PHQ-9) (36). Items of this instrument refer to
DSM-5 criteria for major depression. Answers were given on a four-
point Likert scale ranging from 0 (not at all) to 3 (nearly every day).
The overall index varies between 0 and 27. A score of >15 indicates
moderately severe or severe depressive symptoms (36).

Anxiety symptoms were assessed with the 7-item Generalized
Anxiety Disorder scale (GAD-7) (40). The instrument refers to DSM-5
criteria for generalized anxiety disorder. Participants were asked to
rate the frequency of anxiety symptoms on a four-point Likert scale
from 0 (not at all) to 3 (nearly every day). The overall index ranges
from 0 to 21, with a score of >15 being interpreted as more severe
anxiety levels (40).

Insomnia symptoms were assessed with the Insomnia Severity
Index (ISI) (43), a brief screening measure of insomnia and an
outcome measure in treatment research, which takes into
consideration the criteria for insomnia of the DSM-5. The instrument
contains 7 items, which were answered on a five-point Likert scale
from 0 (no problem) to 4 (very severe problem). The overall index is
scored between 0 and 28. Values of >15 indicate possible moderate
insomnia (43).

Perceived stress was assessed with the 10-item Perceived Stress
Scale (PSS-10) (46). Participants were asked how often they find their
lives overwhelming, uncontrollable, and unpredictable on a five-point
Likert Scale from 0 (never) to 4 (very often). The score of the positively
stated items (4, 5, 7, and 8) is reversed before summing up all items.
The overall index ranges from 0 to 40, with higher scores indicating a
higher level of perceived stress.
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Physical health

Cardiovascular risk markers were assessed to determine metabolic
syndrome. A flexible tape was used to determine waist circumference.
Systolic and diastolic blood pressure was measured after the
participant had rested for 5min while seated. Blood pressure was
measured three times within 5min with an Omron® digital blood
pressure monitor. Evidence for the validity of this device has been
reported previously (59). The participants’ finger was pricked once for
all (capillary) blood analyzes to collect approximately 10 blood drops.
One drop was used for the detection of anemia. Thus, hemoglobin
(Hb) levels were measured with a HemoCue® Hb 301 system
(HemoCue AB; Angelholm, Sweden). The incidence of anemia was
defined as <120 g/L for women and <130g/L for men (60). For the
assessment of blood lipids (high-density-lipoprotein cholesterol,
fasting plasma triglycerides) and average level of blood glucose over
the past 3 months (glycosylated HbA1c), blood samples were analyzed
with an Afinion 2 analyzer (Abbott, Wadenswil, Switzerland). One
drop of blood was taken by the test strip and read by the analyzer. A
good correlation exists between the Abbott 2 point-of-care analyzer
results and reference laboratory tests for lipid levels and HbAlc
(61, 62).

Cardiovascular risk factors and metabolic syndrome were defined
according to the International Diabetes Federation (63). Markers and
thresholds include abdominal obesity (waist circumference >80 cm
for women or > 94 cm for men), elevated fasting plasma triglycerides
(>150mg/dL), low HDL-C (<50 mg/dL for women or <40 mg/dL for
men), elevated fasting plasma glucose (>100 mg/dL) and hypertension
(>130 mmHg systolic BP or > 85 mmHg diastolic BP). Elevated fasting
plasma glucose was replaced with elevated HbAlc (>5.7%) (64).
Metabolic syndrome is diagnosed if three or more criteria are fulfilled.
The continuous metabolic syndrome score was calculated according
to Eisenmann’s method (65). First, we standardized the individual
cardiovascular risk markers for sex, age, and origin. Since HDL-C is
associated with a reduction in metabolic risk, it was multiplied by—1.
Finally, we calculated the sum of the standardized residuals to
determine the metabolic syndrome score. A higher score indicates a
worse metabolic syndrome profile.

Headache over the last week was measured with the Visual Analog
Scale for Pain (VAS) (66). The VAS consists of a 100 mm horizontal
line with two extremes 0mm (no pain) and 100 mm (severe pain).
Evidence of the validity of the VAS has been reported previously (67).

Cardiorespiratory fitness

Cardiorespiratory fitness was measured with the (submaximal)
Astrand-Rhyming Indirect Test of Maximal Oxygen Uptake (68),
performed on a bicycle ergometer. Maximal oxygen uptake (VO,max)
was calculated based on sex, a correction factor for age, body weight,
mean steady state, and power output (69). The validity of the Astrand-
Rhyming test for deriving VO,max has been documented previously
(70). Sex and age-adjusted cut-offs distinguish between poor and fair
or better cardiorespiratory fitness (71).

Perceived fitness was assessed with a 1-item fitness measure from
1 (poor fitness) to 10 (excellent fitness) (72). Previous studies showed
that perceived fitness is moderately associated with objective fitness
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measures (73) and more closely with mental and physical health
benefits (72).

Statistical analyzes

Data was double-entered, checked, and merged into a single data
file. Outliers were then detected using the Inter Quartile Range. After
checking for outliers, one implausible value of 91.9 for
cardiorespiratory fitness was removed. The individual mean score was
used to impute missing values for calculating the total test score in the
self-reported measures. Overall, few data were missing for mental
(3%) and physical health (4%). Several missing values were detected
for cardiorespiratory fitness (21%), mainly due to knee complaints or
injuries. Frequencies (n, %) describe the study sample and prevalence,
while mean score (M), standard deviation (SD) and confidence
interval (95% CI) outline the severity of the outcome variables across
predictors. We performed independent t-tests and chi-square tests to
examine whether the final sample differs in the sociodemographic
background from the broader screened eligible households.
Additionally, chi-square tests were used to examine relationships
between primary outcomes and predictors. To determine the
association between the outcome and predictor variables,
we conducted binary and multiple logistic regressions using the
individual odds ratio (95% CI). The level of significance was set at
P <0.05 across all analyzes. Variables were included in multiple logistic
regression analyzes when they were associated with the outcome
variable at p<0.10 in binary analysis. To reduce the number of
variables in the regression models, we summarized the variables for
severe depressive, severe anxiety and moderate insomnia symptoms
in a factor termed “psychiatric symptoms”” Psychiatric symptoms were
defined as scoring above the cut-off for a possible diagnosis of one or
more mental disorders (depression, generalized anxiety disorder or
insomnia). Sex, age, and origin were included in the multiple logistic
regression models independently of their binary association with the
outcome variable to control for sociodemographic background.
Multicollinearity was checked after running the whole model.
Statistical analyzes were performed with SPSS (Version 24, IBM,
Armonk, United States) for both descriptive and inferential analysis.

10.3389/fpubh.2023.1179756

Results
Sample

Information on participant flow is provided in Figure 1. The final
sample consisted of 150 forcibly displaced individuals (75 female). The
overall response rate was 79% (1 =190 invited individuals). Reasons
for declining participation included illness, injury, refusal to take the
legally required COVID-19 test, or reservations to leave the camp not
to miss out on expected feedback from authorities. Characteristics of
the study participants are presented in Table 1. The mean age of the
total sample was 29.1years (SD =9.3). Most study participants were
between 16 and 35years old (n=113, 79.0%), originated from
Afghanistan (n=79, 52.7%), and lived with one or more family
members in the camp (n=98, 66.2%). Overall, the mean stay in the
camp was 14.8 months (SD=10.2). Noticeable sex differences were the
higher number of women without educational qualifications and the
low number of university degrees (n=2, 2.8%) compared to men
(n=18, 25.4%). Furthermore, no man in our sample had to care for a
child alone, in contrast to the women (n=11, 14.9%). After testing for
group differences in sociodemographic background (age, origin,
education, relatives in camp, time since flight and time in camp), the
only difference found was that mean time since flight differed
t(382.4)=2.156, p=0.032 between screened participants (M=43.4,
SD=55.2) and the final sample (M =33.4, SD =36.5).

Psychological well-being

Summary statistics on psychological well-being across predictor
variables are shown in Tables 2, 3. More than half of the participants
scored above the cut-off for high psychological well-being. The mean
score for psychological well-being was 53.9 (SD =28.8) across the
sample (n=149, 1 missing). Descriptively, participants who were male,
between 26 and 35 years old, or from Sub-Sahara Africa had higher
mean scores in psychological well-being. However, differences were
not statistically significant. In binary logistic regression analyzes,
symptoms of depression, generalized anxiety disorder and insomnia,
perceived stress, anemia, headache, and perceived fitness were

Enrollment

Screened for eligibility (n=419)

Not enrolled
- not meeting inclusion criteria (n=9)

A4

- not included in the random sample (n=268)
- not willing to participate (n=11)

Informed consent obtained (n=131)

Dropout
- not attending the assessment without

given reason (n=29)

Additional recruitment

- second random sampling to reach a
sufficient number of participants (n=48)

line data

1t (n=150)

Baseline B
FIGURE 1

CONSORT flow diagram.
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TABLE 1 Sociodemographic background of the study participants
(n=150).

10.3389/fpubh.2023.1179756

TABLE 2 Prevalence of mental distress and physical disorders in
comparison with global mean.

Sociodemographics Totaln Femalen Malen Total % Female  Male Global
(%) (%) (%) (n) % (n) % (n)  mean %P
Age Mental health
16-25 58 (40.6) 29 (39.7) 29 (41.4) High psychological
gp ‘Y & X 53.0 (79) 47.3 (35) 58.7 (44) | No reference
26-35 55 (38.5) 26 (35.6) 29 (41.4) well-being (WHO-5)
High PTSD symptoms
>35 30 (21.0) 18 (24.7) 12 (17.1) & ymp 353 (53) 1440 (33) 26.7 (20) 3.9
(IES-R)*
Origin
. Severe depressive
Sub-Sahara Africa 48 (32.0) 25 (33.3) 23 (30.7) 333 (50) 413(31)  253(19) 12.0
symptoms (PHQ-9)*
Southwest Asia 102 (68.0) 50 (66.7) 52 (69.3)
Severe anxiety 27.9 (39) 38.5(25) 18.7 (14) 16.0
Education symptoms (GAD-7)* ' ’ ' '
None 36 (25.5) 24 (33.8) 12(17.1) Moderate insomnia
X 33.8 (47) 37.5(24) 30.7 (23) 333
Primary 52(36.9) 29 (40.8) 23 (32.9) symptoms (ISI)*
High school and above 53(37.6) 18 (25.4) 35 (50.0) High perceived stress
52.2(72) 65.6 (42) 40.5 (30) | No reference
Relatives in camp (PSS-10)*
Alone 50 (33.8) 18 (24.3) 32(43.2) Physical health
Relatives >1 98 (66.2) 56 (75.7) 42 (56.8) Metabolic syndrome* 28.8 (40) 30.0 (21) 27.5(19) 25.0
Time since flight (months) Abdominal obesity* 48.0 (71) 71.2 (52) 25.3(19) 415
0-24 62 (48.1) 32(50.8) 30 (45.5) Dyslipidemia® 22.7 (30) 19.1 (13) 26.6 (17) | No reference
24 67 (51.9) 31(49.2) 36 (54.5) Hypertension® 38.9 (58) 21.6 (16) 56.0 (42) 31.1
Time in camp (months) Prediabetes® 13.1(19) 13.7 (10) 12.5(9) 15.3
0-12 71 (51.4) 37 (53.6) 34 (49.3) Anemia®* 27.3(39) 31.9 (23) 22.5(16) 23.7
12 67 (48.6) 32 (46.4) 35 (50.7) High headache (VAS)* 47.8 (66) 56.3 (36) 40.5 (30) | No reference
Fitness
. . . . . Fair and higher
associated with psychological well-being. There were no associations 24.6 (29) 18.9 (10) 29.2(19)  No reference
. . . . VO,max*
between psychological well-being, sociodemographic factors, and
i i i isti High perceived
cardiorespiratory fitness. The results from the multiple logistic ghp 5.9 (76) 022027 | 681(49) Noreference
regression analysis of psychological well-being regressed on associated fitness*

factors are shown in Table 4. Sex, age, origin, and all factors that were
significantly associated with the outcome in the binary analyzes were
included in the final model. In the final model, only psychiatric
symptoms and perceived fitness remained significantly associated with
psychological well-being. There is strong evidence that psychiatric
symptoms were negatively (OR=0.22, 95% CI 0.08-0.59, p=0.003)
and perceived fitness positively associated (OR=1.35, 95% CI 1.11-
1.63, p=0.003) with high psychological well-being.

Mental distress

The prevalence of mental distress and high PTSD symptoms
across sociodemographic and clinical variables are shown in Tables 2,
5. One out of three participants scored above the clinical cut-off for
PTSD, depression, generalized anxiety disorder, and insomnia. Fifty-
five (39.8%) participants had considerably elevated symptoms in at
least one or more psychiatric disorders. The mean severity score for
PTSD was 34.6 (SD=22.4) in the whole sample (n=150). Higher
PTSD scores were found in female participants aged older than
35years, originating from Southwest Asia, or living with one or more
relatives in the camp. Notably, sex, origin, and living with one or more
relatives in the camp were significantly associated with PTSD
symptoms in binary logistic regression analyzes besides symptoms of

Frontiers in Public Health

“Cut-off: WHO-5 (>50), IES-R (246), PHQ-9 (215), GAD-7 (215), ISI (>15), PSS-15
(>median), metabolic syndrome (>3 out of 5), abdominal obesity (waist

circumference > 80 cm for women or> 94 cm for men), dyslipidemia (fasting plasma
triglycerides > 150 mg/d and HDL-C < 50 mg/dL for women or <40 mg/dL for men),
hypertension (>130 mmHg systolic BP or >85 mmHg diastolic BP), prediabetes
(HbAlc=5.7-6.4%), anemia (women < 120 g/L or men < 130g/L), VAS (>median), VO,max
[based on ACSM guidelines (71)], perceived fitness (>median).

PAccording to the literature (74-81).

depression, generalized anxiety disorder and insomnia, perceived
stress, headache, and perceived fitness. On the contrary, education,
time spent in the camp, anemia, and cardiorespiratory fitness were not
associated with PTSD symptom severity. The final model of the
multiple logistic regression analysis, including age and all associated
factors from binary analyzes, is presented in Table 4. In the final
model, psychiatric symptoms (OR =3.27, 95% CI 1.10-9.74, p=0.034)
and perceived stress (OR=1.13, 95% CI 1.05-1.23, p=0.002) were
associated with the occurrence of high PTSD severity.

Physical health

The summary statistics on the prevalence of cardiovascular risk
factors, anemia, high level of headache, and metabolic syndrome
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TABLE 3 Descriptive statistics of psychological well-being (WHO-5) dichotomized into high vs. low well-being.

Index Score High (>50) Low (<50)
M (95% Cl) n (%) n (%)

Sociodemographics

Sex 0.164
Female 50.7 (43.9-57.5) 35 (47.3) 39 (52.7)
Male 57.0 (50.5-63.5) 44 (58.7) 31 (41.3)

Age 0.174
16-25 51.3 (43.9-58.7) 30 (51.7) 28 (48.3)
26-35 59.2 (51.3-67.1) 33(61.1) 21(38.9)
>35 47.2 (36.6-57.7) 12 (40.0) 18 (60.0)

Origin 0.073
Sub-Sahara Africa 57.6 (48.8-66.5) 30 (63.8) 17 (36.2)
Southwest Asia 52.1 (46.6-57.7) 49 (48.0) 53 (52.0)

Education 0.828
None 54.6 (44.4-64.7) 18 (50.0) 18 (50.0)
Primary 51.0 (43.0-58.9) 25 (49.0) 26 (51.0)
High school and above 53.3 (45.7-60.8) 29 (54.7) 24 (45.3)

Relatives in camp 0.149
Alone 55.7 (46.9-64.5) 31 (62.0) 19 (38.0)
Relatives >1 53.7 (48.1-59.2) 48 (49.5) 49 (50.5)

Time since flight (months) 0.358
0-24 55.1 (47.7-62.5) 35(57.4) 26 (42.6)
>24 51.9 (45.1-58.8) 33 (49.3) 34 (50.7)

Time in camp (months) 0.673
0-12 52.2 (45.8-58.7) 37 (52.9) 33 (47.1)
>12 52.6 (45.2-59.9) 33(49.3) 34(50.7)

Mental health

Severe depressive symptoms (PHQ-9)* <0.001
Yes 35.7 (29.5-41.9) 11 (22.4) 38 (77.6)
No 62.8 (57.2-68.3) 68 (68.0) 32(32.0)

Severe anxiety symptoms (GAD-7)* <0.001
Yes 33.9 (27.3-40.5) 8(20.5) 31(79.5)
No 58.5(52.9-64.1) 61 (61.0) 39(39.0)

Moderate insomnia symptoms (ISI)* <0.001
Yes 38.9 (31.8-46.1) 12 (26.1) 34(73.9)
No 57.4 (51.6-63.3) 56 (60.9) 36 (39.1)

High perceived stress (PSS-10)* <0.001
Yes 43.4 (37.4-49.4) 26 (36.6) 45 (63.4)
No 59.5 (52.3-66.6) 41 (62.1) 25(37.9)

Physical health

Anemia® 0.047
Yes 48.9 (39.0-58.8) 16 (41.0) 23 (59.0)
No 57.0 (51.6-62.5) 62 (59.6) 42 (40.4)

High headache (VAS)* 0.072
Yes 45.7 (38.9-52.5) 27 (41.5) 38 (58.5)
No 56.4 (49.8-63.1) 41 (56.9) 31(43.1)

(Continued)
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TABLE 3 (Continued)

Index Score High (>50) Low (<50)
M (95% Cl) n (%) n (%)
Fitness
VO,max* 0.991
Fair and above 57.8 (46.2-69.4) 16 (55.2) 13 (44.8)
Poor and below 52.0 (46.2-57.8) 49 (55.1) 40 (44.9)
High perceived fitness* <0.001
Yes 60.0 (53.6-66.4) 48 (63.2) 28 (36.8)
No 39.1(33.0-45.1) 18 (30.5) 41 (69.5)

*Cut-off: PHQ-9 (>15), GAD-7 (>15), ISI (>15), PSS-10 (>median), VAS (>median), anemia (women <120 g/L or men <130g/L), VO,max [based on ACSM guidelines (71)], perceived
fitness (>median).

TABLE 4 Logistic models of high psychological well-being (WHO-5), high PTSD symptoms (IES-R), and metabolic syndrome regressed on sex, age,
origin, and associated factors.

Model high psychological Model high PTSD symptoms Model metabolic syndrome

well-being (>50)? (>46)° (>3 out of 5)°
(O] 95% Cl = p-value (0] 95% Cl = P-value (0] 95% ClI P-value

Sociodemographics
Sex

Female Reference Reference Reference

Male 0.88 (0.32-2.45) 0.802 0.77 (0.29-2.07) 0.608 327 (0.90-11.97) 0.073
Age 1.00 (0.95-1.05) 0.916 1.00 (0.95-1.05) 0.951 1.02 (0.96-1.09) 0.496
Origin

Sub-Sahara Africa Reference Reference Reference

Southwest Asia 0.76 (0.28-2.12) 0.604 1.99 (0.48-8.29) 0.345 4.02 (1.02-15.77) 0.046

Relatives in camp

Alone Reference
Relatives 1 < 0.70 (0.17-2.91) 0.623
Mental health

Psychiatric symptoms?

No Reference Reference
Yes 0.22 (0.08-0.59) 0.003 3.27 (1.10-9.74) 0.034
Perceived stress (PSS-10) 1.00 (0.93-1.06) 0.923 1.13 (1.05-1.23) 0.002
Physical health
Hemoglobin 1.02 (0.99-1.06) 0.184
Headache 1.00 (0.98-1.02) 0.977 1.01 (1.00-1.03) 0.136
Fitness
VO,max 0.92 (0.86-0.99) 0.021
Perceived fitness 1.35 (1.11-1.63) 0.003 0.93 (0.76-1.13) 0.453 0.80 (0.65-0.98) 0.031
Nagelkerkes R? 0.36 0.47 0.20

“Includes the variables sex, age, origin, psychiatric symptoms, perceived stress, hemoglobin, headache and perceived fitness.

"Includes the variables sex, age, origin, relatives in camp, psychiatric symptoms, perceived stress, headache and perceived fitness.

“Includes the variables sex, age, origin, VO2max and perceived fitness.

Psychiatric symptoms is defined as having elevated symptoms in one or more mental disorder: PHQ-9 (>15), GAD-7 (>15), or ISI (>15).

across predictors are shown in Tables 2, 6. Every fourth participant ~ abdominal obesity. Apart from age, cardiorespiratory and perceived
(n=139, 11 missing) met the inclusion criteria for metabolic fitness, no other factor was associated with metabolic syndrome in the
syndrome, and three out of four women scored above the cut-oft for ~ binary analyzes. The results of the final multiple logistic regression
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TABLE 5 Descriptive statistics of PTSD (IES-R) dichotomized into high vs. low PTSD symptom severity.

Index Score High (>46) Low (<46)
M (95% Cl) n (%) n (%)

Sociodemographics

Sex 0.026
Female 39.0 (33.8-44.1) 33 (44.0) 42 (56.0)
Male 30.3 (25.3-35.4) 20 (26.7) 55(73.3)

Age 0.379
16-25 31.6 (25.6-37.6) 17 (29.3) 41 (70.7)
26-35 36.2 (30.8-41.6) 23 (41.8) 32(58.2)
>35 39.1(29.8-48.3) 11 (36.7) 19 (63.3)

Origin 0.011
Sub-Sahara Africa 29.3(23.0-35.4) 10 (20.8) 38(79.2)
Southwest Asia 37.2 (32.8-41.6) 43 (42.2) 59 (57.8)

Education 0.107
None 36.8 (29.6-43.9) 14 (38.9) 22 (61.1)
Primary 39.1(32.5-45.6) 24 (46.2) 28 (53.8)
High school and above 31.6 (25.7-37.5) 14 (26.4) 39 (73.6)

Relatives in camp 0.012
Alone 28.7 (22.9-34.4) 11 (22.0) 39 (78.0)
Relatives >1 37.9 (33.3-42.5) 42 (42.9) 56 (57.1)

Time since flight (months) 0.743
0-24 34.8 (29.3-40.4) 23 (37.1) 39 (62.9)
>24 34.7 (29.3-40.2) 23 (34.3) 44 (65.7)

Time in camp (months) 0.933
0-12 36.0 (30.9-41.2) 26 (36.6) 45 (63.4)
>12 35.7 (30.1-41.2) 25 (37.3) 42 (62.7)

Mental health

Severe depressive symptoms (PHQ-9)* <0.001
Yes 49.8 (44.2-55.5) 33 (66.0) 17 (34.0)
No 27.1(23.2-31.0) 20 (20.0) 80 (80.0)

Severe anxiety symptoms (GAD-7)* <0.001
Yes 56.1(50.9-61.4) 29 (74.4) 10 (25.6)
No 28.0 (24.1-31.9) 24 (23.8) 77 (76.2)

Moderate insomnia symptoms (ISI)* <0.001
Yes 50.4 (44.9-55.9) 29 (61.7) 18 (38.3)
No 28.6 (24.3-32.9) 24 (26.1) 68 (73.9)

High perceived stress (PSS-10)° <0.001
Yes 46.5 (41.7-51.2) 43 (59.7) 29 (40.3)
No 25.0 (20.1-30.0) 10 (15.2) 56 (84.8)

Physical health

Anemia® 0.226
Yes 39.1(31.5-46.7) 17 (43.6) 22 (56.4)
No 33.7(29.5-37.9) 34 (32.7) 70 (67.3)

High headache (VAS)* <0.001
Yes 45.9 (40.3-51.4) 37 (56.1) 29 (43.9)
No 27.0 (22.5-31.4) 16 (22.2) 56 (77.8)

(Continued)
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TABLE 5 (Continued)
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Index Score High (>46) Low (<46)
M (95% Cl) n (%) n (%)
Fitness
VO,max * 0.138
Fair and above 31.9 (24.2-39.6) 7(24.1) 22 (75.9)
Poor and below 35.4 (30.5-40.3) 35(39.3) 54 (60.7)
High perceived fitness® 0.019
Yes 31.1(26.2-36.1) 23(30.3) 53 (69.7)
No 42.8 (37.1-48.6) 30 (50.0) 30 (50.0)

*Cut-off: PHQ-9 (>15), GAD-7 (>15), ISI (>15), PSS-10 (>median), VAS (>median), anemia (women <120 g/L or men <130g/L), VO2 max [based on ACSM guidelines (71)], perceived

fitness (>median).

model are presented in Table 4. After including sex, origin, and all
associated factors in the regression, only origin, cardiorespiratory and
perceived fitness remained significantly associated with metabolic
syndrome. Individuals from Southwest Asia (OR=4.02, 95% CI 1.02-
15.77, p=0.046) were more likely to be affected with metabolic
syndrome, whereas participants with higher levels of objectively
measured (OR=0.92, 95% CI 0.86-0.99, p=0.021) and subjectively
perceived fitness (OR=0.80, 95% CI 0.65-0.98, p=0.031) were less
likely to be affected with metabolic syndrome.

Discussion

This study extends existing findings on health challenges of
forcibly displaced people by assessing the psychological well-being,
PTSD symptom severity, metabolic syndrome, and associated factors
among people living in a refugee camp in Greece.

Only half of the study participants rated their psychological well-
being as high. In comparison, forcibly displaced adults resettled in
Sweden scored 7.1% (M =57.7, SD=27.1), and the broader population
in Greece during the first year of the COVID-19 pandemic 23.4%
(M=66.5, SD=22.7) higher (82, 83). Moreover, consistent with
previous findings (7, 9, 10, 14, 53, 84, 85), there is a considerably
elevated prevalence of mental and physical distress among forcibly
displaced people in Greece. Compared to the global mean (74-81), the
risk of being affected by PTSD is nine, depression three, and
generalized anxiety disorder one and a half times higher among
forcibly displaced people. No difference in prevalence was found for
moderate or severe insomnia symptoms, metabolic syndrome,
abdominal obesity, hypertension, prediabetes, and anemia. Our
findings stand in contradiction to a recent large-scale study (86),
which collected data at health clinics in Southern European reception
centers and reported a prevalence of 0.7% for PTSD and 5.7% for
cardiovascular disease. As highlighted by the authors, the discrepant
results may be explained by an inadequate recording of health
conditions by health professionals. In addition, low mental health
help-seeking behavior has been found in this population. Constrained
health services, limited health literacy, lack of trust in authorities or
cultural barriers such as mental health stigmas could have discouraged
individuals from voluntarily seeking a health check and lead to a
higher number of unreported cases (87). Another reason for the
conflicting results might be the different sociodemographic
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background of the participants, who, in contrast to our study, were
predominantly male (77.7%) and without relatives in the camp
(80.3%).

Forcibly displaced people represent a heterogeneous group with
different personal traits, sociodemographic backgrounds, and lived
experiences. Therefore, the question arises if individuals with specific
characteristics are more strongly affected by certain conditions than
others. Subgroup analyzes did not identify a specific target group with
high mental well-being. However, female Southwest Asian people
living with family members in the camp had higher PTSD symptom
scores. The differences between sexes have been explained in previous
studies (9, 84, 88), with women being at higher risk of sexual violence,
childcare pressures, and exploitation. Unlike other results (89), being
together with a family member was associated with higher PTSD
symptom scores in our sample. This finding may be surprising, as
social support has been shown to have a buffering effect against PTSD
(90). Possible explanations for this could be that the family does not
necessarily provide social support in the face of family conflict and
violence (5). Moreover, caring for the whole family can pose an
additional challenge and may trigger negative mental states. The life
experience that caused the entire family to flee their country rather
than as individuals may also explain the difference. However, these
remain assumptions and should be further investigated in larger
studies with increased statistical power and additional qualitative
methods to identify subgroup differences and possible rationales.

Regarding cardiovascular risk factors, older age and origin from
Southwest Asia were associated with metabolic syndrome. Similarly,
a recent meta-analysis (10) reported a higher risk of cardiovascular
disease among older forcibly displaced adults from the Middle East.
The elevated risk has been attributed to psychological stress and
acculturation processes such as changes in lifestyle and diet (7, 8). In
our study, neither psychiatric symptoms nor time spent in the camp
were associated with the occurrence of metabolic syndrome. The
difference may be due to the fact that the two studies examined
migrating populations in general and not exclusively forcibly displaced
people who spent a shorter time in the host country. Living in the
camp instead of within society may also have led to no or limited
acculturation processes. Furthermore, the prevalence of the metabolic
syndrome is generally significantly higher in the Eastern
Mediterranean Region (91), suggesting that the increased risk is more
related to the risk profile of the region of origin than to the specific
experience of forced displacement. Overall, the associations between
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TABLE 6 Descriptive statistics of metabolic syndrome dichotomized into present vs. absent metabolic syndrome.

Index score®

Yes (>3 out of 5)

No (<3 out of 5)

10.3389/fpubh.2023.1179756
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M (95% Cl) n (%) n (%)

Sociodemographics

Sex 0.748
Female 0.05 (—0.66-0.76) 21 (30.0) 49 (70.0)
Male 0.16 (—0.47-0.78) 19 (27.5) 50 (72.5)

Age 0.001
16-25 0.50 (—0.16-1.16) 9(17.0) 44 (83.0)
26-35 —0.33 (—0.99-0.32) 14 (26.9) 38 (73.1)
>35 0.20 (—1.27-1.66) 15 (55.6) 12 (44.4)

Origin 0.171
Sub-Sahara Africa —0.06 (—0.89-0.77) 9(20.9) 34 (79.1)
Southwest Asia 0.16 (—0.41-0.73) 31(32.9) 65 (67.7)

Education 0.185
None —0.12 (—0.95-0.72) 6(17.1) 29 (82.9)
Primary 0.00 (—0.90-0.89) 13 (27.7) 34 (72.3)
High school and above 0.32 (—0.44-1.08) 17 (35.4) 31 (64.6)

Relatives in camp 0.582
Alone 0.37 (~0.41-1.16) 12 (25.5) 35 (74.5)
Relatives >1 0.02 (—0.58-0.61) 27 (30.0) 63 (70.0)

Time since flight (months) 0.994
0-24 0.10 (—0.63-0.83) 14 (25.5) 41 (74.5)
>24 0.09 (—0.59-0.76) 16 (25.4) 47 (74.6)

Time in camp (months) 0.209
0-12 —0.19 (—0.84-0.47) 20 (31.7) 43 (68.3)
>12 0.30 (—0.43-1.02) 14 (21.9) 50 (78.1)

Mental health

Severe depressive symptoms (PHQ-9)* 0.271
Yes —0.03 (—0.89-0.83) 16 (34.8) 30 (65.2)
No 0.17 (—0.40-0.74) 24 (25.8) 69 (74.2)

Severe anxiety symptoms (GAD-7)* 0.074
Yes 0.18 (~0.82-1.18) 15 (40.5) 22 (59.5)
No 0.05 (—0.53-0.62) 23 (24.7) 70 (75.3)

Moderate insomnia symptoms (ISI)* 0.165
Yes 0.34 (—0.41-1.10) 16 (36.4) 28 (63.6)
No —0.12 (—0.77-0.52) 21 (24.7) 64 (75.3)

High perceived stress (PSS-10)° 0.961
Yes —0.22 (—0.94-0.49) 19 (27.9) 49 (72.9)
No 0.32 (~0.36-1.01) 17 (28.3) 43 (71.7)

Physical health

Anemia* 0.485
Yes 0.04 (—1.01-1.10) 9(24.3) 28 (75.7)
No 0.12 (—0.41-0.65) 31(30.4) 71 (69.6)

High headache (VAS)* 0.674
Yes —0.13 (—0.87-0.62) 19 (30.6) 43 (69.4)
No 0.25 (-0.41-0.91) 18 (27.3) 48 (72.7)

(Continued)
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TABLE 6 (Continued)

Index score®

10.3389/fpubh.2023.1179756

Yes (>3 out of 5)

No (<3 out of 5)

M (95% Cl) n (%) n (%)
Fitness
VO,max* 0.005
Fair and above —0.61 (—1.52-0.30) 1(3.7) 26 (96.3)
Poor and below 0.13 (—0.41-0.68) 25 (30.1) 58 (69.9)
High perceived fitness* 0.044
Yes —0.35 (—0.92-0.23) 15(20.8) 57(79.2)
No 0.48 (—0.37-1.33) 20 (37.0) 34 (63.0)

*Cut-off: PHQ-9 (>15), GAD-7 (>15), ISI (>15), PSS-10 (>median), VAS (>median), anemia (women <120 g/L or men <130g/L), VO2 max [based on ACSM guidelines (71)], perceived

fitness (>median).
"Index score is composed of continuous metabolic syndrome score.

sociodemographic background and mental and physiological
outcomes, except for Asian origin, lose statistical significance in
multivariable analyzes when the clinical factors are considered.

When living in a precarious situation, time itself does not seem to
support recovery from PTSD symptom severity. To date, the
mitigating effect of time on PTSD is controversially discussed and
ranges from improvement to no effect till exacerbation of PTSD
symptomatology (85, 86, 90). Different exposure to post-migration
living difficulties could explain the contrasting results. In our study,
perceived stress was associated with the occurrence of higher PTSD
symptoms, while no relationship between the length of stay and PTSD
symptoms was detected. These observations support recent findings
(92) that post-migration stressors maintain the severity of PTSD
symptoms. The decisive factors are ongoing daily stressors, especially
lengthy asylum procedures, uncertain visa status, detention in refugee
camps, or legal barriers to work (93).

Particularly noteworthy is that people who perceived their fitness
level as higher had better overall health scores. Surprisingly, this did not
apply to objectively measured cardiorespiratory fitness, which was
associated only with metabolic syndrome. The association between
perceived fitness and psychological well-being and metabolic syndrome
remained statistically significant after controlling for confounding factors.
This suggests that mental health is more closely associated with an
individuals perceived subjective fitness than objective fitness
measurement. As such, the process of meaning-making in relation to
personal fitness appears to be of particular importance. Our findings add
to the small body of knowledge, suggesting that perceived fitness is
associated with both mental and physical health benefits (72, 94), pointing
out that cognitive factors should be taken into account when studying the
effect of sport and exercise activities implemented in a refugee camp.
Importantly in the context of a refugee camp, perceived fitness was more
strongly associated with psychological functioning and daily coping than
cardiorespiratory fitness in a sample of psychology students (73).
Furthermore, participants with high perceived fitness scored lower on
insomnia, perceived higher sleep quality, and ruminated less about
unresolved problems than participants who rated their fitness low (95).
This last point requires particular attention because “thinking too much”
expresses emotional and cognitive distress in certain Sub-Saharan and
Southwest Asian cultures. For forcibly displaced people in a protracted
situation, repetitive negative thinking can exacerbate psychological,
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physical, and social symptoms (96). People with high perceived fitness
may be less affected by the cognitive loop about current life situations and
past events, which may lead to higher overall well-being.

In line with the current findings of an increased risk for mental
distress compared to the global population and the overall high
prevalence of mental and physiological distress among people living
in a refugee camp in Greece, organizations on-site criticize the lack of
early measures (97). The lack of prevention or early treatment favors
the development or consolidation of mental disorders and undermines
the achievement of the health-related United Nations Sustainable
Development Goals by 2030. Based on the results of this and previous
studies (4, 5, 15, 92, 93), policies are urgently needed to reduce post-
migration stressors and prevent mental health deterioration in Greek
refugee camps. Prevention should be of priority, complemented by
targeted programs to address population-based health needs and
psychological well-being. The extent of diverse health needs and the
heterogeneous composition of the population suggests that general
health support should go beyond medical treatment and include a set
of complementary measures to balance health inequities. These
include access to education, a perspective on economic independence,
social services, community capacity strengthening, health literacy
promotion, and psychosocial activities. In light of the present findings,
organized sport and exercise activities might be a favorable add-on
intervention to address mental and physiological health.

While sport and exercise activities have successfully been
implemented to address mental and physical health (12, 98-100),
evidence for similar effects among forcibly displaced people is scarce
(101). As these are substantially different contexts, future studies need
to investigate the effect and feasibility of regular sport and exercise
activities on mental and physiological health among people living in
refugee camps. In addition, this study’s results raise the question of
whether improvements in perceived fitness are associated with
improvements in mental and physical health and, which and how
activities should be implemented to address perceived fitness.

Strengths and limitations

This study has certain strengths, such as providing a
comprehensive perspective of health and its associated factors among
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forcibly displaced people living in a refugee camp in Greece. Given the
recent developments in forcible displacement and since Greece is one
of the main entry points in Europe, an essential contemporary context
was studied. Furthermore, we addressed a population that is difficult
to reach due to challenging living situations and restricted camp
access. Our study is, to our knowledge, one of the first which examines
the association of perceived fitness and mental and physiological
health among forcibly displaced people within a refugee camp context.
Lastly, the study applied methodological rigorousness by following a
pre-registered study protocol (20). The shortage of sex-specific results
(88) and the barriers to accessing health services, in particular mental
health (87), was addressed by a random and stratified sample by sex,
including the most represented ethnic groups in the camp.

Limitations include the cross-sectional nature of the present data
and the small-to-moderate sample size, increasing the risk that minor
associations were overseen. On the other hand, multiple testing might
have increased the occurrence of Type I errors. Despite an acceptable
response rate, one might assume that selection bias influenced the
results. However, when analyzing group differences, only time since
flight differed statistically significantly from the broader screened
camp population. Generalizability to other settings might be limited,
as post-migration life circumstances differ from context to context and
significantly impact overall health (4). Expanding the study to other
camps, particularly those on the Greek islands, which have been
described as more restrictive (97), could therefore provide valuable
insights to complement our findings. A key finding of the study was
that cardiorespiratory fitness, unlike perceived fitness, was not
associated with mental health outcomes. The considerable amount of
missing values for cardiorespiratory fitness may have affected this
finding. Moreover, recent literature suggests that self-report symptom-
based measures tend to overestimate the prevalence of mental distress
(52-54). This may also be caused by participants indicating higher
initial values in the hope that this will positively influence their asylum
procedure (89). These circumstances were addressed by information
about study intentions and the use of more conservative, clinically
relevant cut-offs. Validated instruments widely used in different
cultural contexts have been implemented, though none have been
developed explicitly for cross-cultural use (84). The universality of
Western-based classification systems to describe mental distress in
other contexts is accordingly questioned by some authors (52, 53, 84).
Similarly, population-specific cut-offs for cardiovascular risk factors
have been recommended (102). The International Diabetes Federation
advocates ethnicity-specific cut-offs for central obesity (63). To date,
however, these are not available for Sub-Saharan and Eastern
Mediterranean populations. Instead, European reference values had
to be used, which might lead to inaccuracies in our results.

Conclusion

The findings of this study underpin the call for urgent action to
address the health needs of people living in refugee camps in Greece.
Compared to the global population, forcibly displaced people in
Greece have a considerably higher risk of being affected by mental
distress. The prevalence of moderate or severe insomnia symptoms
and physiological disorders is likewise elevated. However, they do not
differ from the global mean. Therefore, the first priority should be to
prevent the deterioration of health conditions by reducing post-
migration stress. Second, population-centered programs must
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be developed to address mental health and non-communicable
diseases. Sport and exercise programs could be a favorable adjunct, as
perceived fitness, as a potentially protective factor, is associated with
mental and physiological health benefits.
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Introduction: Currently, only 1in4 childreninthe U.S. engage in therecommended
amount of physical activity (PA) and disparities in PA participation increase as
income inequities increase. Moreover, leading health organizations have identified
rural health as a critical area of need for programming, research, and policy. Thus,
there is a critical need for the development and testing of evidence-based PA
interventions that have the potential to be scalable to improve health disparities
in children from under-resourced rural backgrounds. As such, the present study
utilizes human-centered design, a technique that puts community stakeholders
at the center of the intervention development process, to increase our specific
understanding about how the PA-based needs of children from rural communities
manifest themselves in context, at the level of detail needed to make intervention
design decisions. The present study connects the first two stages of the NIH Stage
Model for Behavioral Intervention Development with a promising conceptual
foundation and potentially sustainable college student mentor implementation
strategy.

Methods: We will conduct a three-phase study utilizing human-centered
community-based participatory research (CBPR) in three aims: (Aim 1) conduct
a CBPR needs assessment with middle school students, parents, and teachers/
administrators to identify perceptions, attributes, barriers, and facilitators of PA that
are responsive to the community context and preferences; (Aim 2) co-design with
children and adults to develop a prototype multi-level PA intervention protocol
called Hoosier Sport; (Aim 3) assess Hoosier Sport's trial- and intervention-related
feasibility indicators. The conceptual foundation of this study is built on three
complementary theoretical elements: (1) Basic Psychological Needs mini-theory
within Self-Determination Theory; (2) the Biopsychosocial Model; and (3) the
multilevel Research Framework from the National Institute on Minority Health
and Health Disparities.

Discussion: Our CBPR protocol takes a human-centered approach to integrating
the first two stages of the NIH Stage Model with a potentially sustainable college
student mentor implementation strategy. This multidisciplinary approach can
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be used by researchers pursuing multilevel PA-based intervention development

for children.

human-centered design, youth, cardiovascular disease, multilevel intervention, physical
activity, lifestyle intervention

Introduction

Cardiovascular disease (CVD) is the leading cause of death in the
United States (US) and disproportionately impacts people from rural
areas and lower socioeconomic backgrounds (1-4). While the impact
of CVD is a critical public health issue, many of the risk factors for
developing CVD are modifiable. Participating in physical activity (PA)
is one of the most promising modifiable strategies to reduce CVD risk
(5-7). However, currently only 1 in 4 children in the US engage in the
recommended amount of PA (8). Furthermore, disparities in PA
participation increase as income inequities increase (9). Since the
progression of atherosclerosis begins in childhood and inactive
children are likely to become inactive adults (10, 11), the promotion
of PA should begin in childhood when prevention efforts may have
optimal public health impact (12).

While the health consequences of physical inactivity affect all
children, those from rural areas are disproportionately affected
compared to urban children (13, 14). Children living within rural
communities and from families with low-socioeconomic status (SES)
often have less access and greater barriers to PA opportunities, lower
health literacy, and less educational attainment, all of which are
associated with lower PA participation rates and greater lifetime risk
of developing CVD (4, 15, 16). Moreover, rural schools facing
socioeconomic disadvantage are the least likely to offer policies (e.g.,
mandatory recess, economic development initiatives) and services
(e.g., transportation, access to quality health services, and college and
career readiness programs) that support PA programs (14, 17).
Further, children from lower socioeconomic backgrounds are
significantly more likely to feel unwelcome on school teams and not
be able to afford to participate (16). Collectively, these challenges
facing rural communities point to a critical need for intervention and
align with the American Heart Association’s Presidential Advisory
calling for rural populations to become a national priority for
programming, research, and policy (15).

As rural populations continue to bear disproportionate burdens
of disease and adverse health conditions, there has been growing
support for developing and piloting of novel community-derived
multilevel interventions (18-21). Multilevel interventions take a
broader approach to intervening on complex health behaviors by
targeting change at multiple levels of influence (e.g., individual,
interpersonal, community) and have the potential to impact health
outcomes more than single-level interventions (19-21). Accordingly,
as suggested by the NIH Stage Model for Behavioral Intervention
Development, behavioral interventions in PA need to be based on a
strong empirical foundation (22). While knowledge of population
level data is helpful, there needs to be greater emphasis on increasing
specific understanding about how the PA-based needs of children
from rural communities manifest themselves in context (NIH Stage
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0), at the level of detail needed to make intervention design decisions
(NIH Stage 1A) and in piloting interventions to determine feasibility
(NIH Stage 1B). Taking a novel approach, the proposed study protocol
places children at the center of each of the three study phases to get at
the specific understanding necessary for targeted intervention
development. A recent review of child-focused health research found
that less than 1% of published studies included any form of advice
from children during the research process (23). This general lack of
inclusion of children in the research process occurs despite the
recognized unique perspectives and ideas children can contribute that
are otherwise unavailable to adult researchers (24, 25). Taken together,
these research gaps point to the need for inclusion of children in
promising multilevel PA intervention development and testing.

The powerful influence that college students can have on role
modeling and supporting the behaviors of children is well recognized
(26-28). For instance, children tend to view young adults as being
more credible and relatable than older adults, having a better
understanding of the concerns of young people, and being able to
convey PA messages through interpersonal relationships (i.e., role
modeling) to increase the likelihood of behavior change (29-31).
Additionally, incorporating trained college student mentors as
facilitators of intervention/programs may support cost-effectiveness
and sustainability through reduced staffing costs and a consistent
pipeline of incoming students. In community-based participatory
research (CBPR), community stakeholders often express frustration
with programs, particularly because the programs or interventions are
short-term, provide little long-term benefit, and do not provide the
needed infrastructure to sustain efforts (32). To address these
frustrations, our implementation strategy using college student
mentors takes a long-term approach to work with the community and
builds capacity through ongoing college student mentor development
and delivery of interventions/programming.

Therefore, the present study utilizes human-centered design, a
technique that puts community stakeholders’ at the center of the
intervention development and testing process (33). Human-centered
design research is “a systematic approach that holds empathy at its core
and encourages its practitioners to return repeatedly to the context,
emotions, needs, and desires of the key stakeholders they are developing
their solutions for” (34). Using a human-centered approach, the
purpose of this three-phase study is to conduct a human-centered
CBPR needs assessment (Aim 1; Stage 0), use participatory co-design
with children and adults to develop a testable PA intervention protocol
(Aim 2; Stage 1A), and to pilot/feasibility test the PA-based
intervention, called Hoosier Sport, in a rural middle school (Aim 3;
Stage 1B). Our primary hypotheses are that Hoosier Sport will
be feasible as defined by multiple trial- and intervention-related
feasibility indicators (e.g., recruitment capability, retention, fidelity,
acceptability, attendance, compliance, cost, and appropriateness) (35).
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This formative work will be conducted to guide refinement and future
testing of Hoosier Sport in a clinical trial.

Methods and analysis

The following subsections describe the conceptual framework and
each of the three phases of this study. Aim 1 is to conduct a
community-based participatory research (CBPR) needs assessment
with middle school students, parents, and teachers/administrators to
identify perceptions, attributes, barriers, and facilitators of PA that are
responsive to the community context and preferences. Aim 2 is to
co-design with children and adults to develop a prototype multi-level
PA intervention protocol called Hoosier Sport. Aim 3 is to assess
Hoosier Sport’s trial- and intervention-related feasibility indicators in
a sample of 6th grade middle school students. The present study
defines PA in line with the Centers for Disease Control and Prevention
as any bodily movement that is produced by the contraction of skeletal
muscle and that substantially increases energy expenditure (36).
We selected 6th grade students as the target population to balance the
desire to intervene early in life (10, 11) with selecting a group that was
mature enough for more advanced intervention strategies than
elementary school students and aligned well with our research team’s
behavioral expertise. Our overall hypothesis is that the three phases of
the present study will lead to a feasible intervention protocol.

Conceptual framework

The conceptual foundation of this study is built on three
complementary theoretical elements (i.e., theory, model, and
framework): (1) Basic Psychological Needs mini-theory within Self-
Determination Theory (SDT) (37); (2) the Biopsychosocial Model
(38); and (3) the National Institute on Minority Health and Health
Disparities (NIMHD) Research Framework (39). These three
conceptual models were each used to guide the methodology
development for each of the three aims. Basic psychological needs will

10.3389/fpubh.2023.1243560

help the research team predict and examine the factors that influence
our outcomes; the Biopsychosocial Model will support the description
and interpretation of our findings but not predict outcomes; and the
NIMHD Research Framework will help us conceptualize multilevel
factors involved in understanding and reducing health disparities in
our low-socioeconomic rural setting (Figure 1).

The first theoretical element of the present study, basic
psychological needs, posits that increasing autonomy, competence,
and relatedness will increase child well-being (37, 40-42). Inclusion
of the psychological needs mini-theory will help guide our prediction
of exploratory pilot/feasibility study outcomes (37). Aim 1 will include
the validated Basic Psychological Needs in Exercise Scale to assess
psychological needs within the exercise/PA context (43-45). Aim 2
co-design sessions include open-ended discussion questions designed
to probe autonomy, competence, and relatedness. For example, an
open-ended question targeting autonomy for children and adults will
be “what physical activities are most appealing to you (your child)?”

The second theoretical element of the present study, the
Model, of the
interconnectedness between biological, psychological, and social

Biopsychosocial allows for recognition
factors in shaping an individual’s health and well-being (38). The
Biopsychosocial Model informed our protocol development for our
Aim 1 survey design, Aim 2 co-design guiding questions/themes, and
the Aim 3 intervention evaluation plan. The Biopsychosocial Model
will also help frame results within the larger biological, psychological,
and social context. Specific examples of integrating the Biopsychosocial
Model into the present study include designing and evaluating: (1)
exploratory biological/physical outcomes (e.g., physical activity levels,
blood pressure), (2) psychological components (e.g., psychometric
scale evaluating autonomy, competence, and relatedness in PA
context), and (3) social support strategies for PA (e.g., peer student
and/or family support).

Lastly, the study also aligns with the NIMHD Research Framework
that provides a system for targeting multiple levels of influence (e.g.,
individual, interpersonal, and community) (39). The PA-related
barriers facing rural communities are complex and exist at multiple
levels of influence. Utilizing the NIMHD Research Framework will

NIMHD 3 GUIDING
LEVELS OF

INTERVENTION

STRATEGIES

INFLUENCE

Sport Participation

(Any PA & Play-Based
Activities)
1

| INDIVIDUAL |

Leadership
Development
|

Social Support

THEORETICAL
MEDIATING

PROJECT
OUTCOMES

PROCESS

1
Empowering
i Education
| comMmunITY | |
PA Take-Home

Equipment &
Activities

PSYCHOLOGICAL PRIMARY
NEEDS
| Feasibility
Indicators
Competence
| EXPLORATORY
(To be primary in future trials)
Autonomy — -
Physical Activity
| (Steps per day)
1
Relatedness

Blood Pressure

BIOPSYCHOSOCIAL MODEL OF DISEASE

FIGURE 1
Conceptual framework.
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assist Aim 3 assessment of progress, gaps, and opportunities. The
following sections describe each Aim.

Aim 1 (Needs Assessment): Conduct a community-based
participatory research (CBPR) needs assessment with middle
school students, parents, and teachers/administrators to identify
perceptions, attributes, barriers, and facilitators of PA that are
responsive to the community context and preferences.

Design

The study’s first phase is a CBPR needs assessment (NIH Stage 0)
to identify the community’s physical activity-related needs, goals,
opportunities, and assets. Despite knowledge of PA-based needs from
a population level, we need to develop specific understanding of how
the needs manifest themselves in context at the level of detail needed
to make intervention design decisions. To conduct the PA-related
needs assessment, we will survey children, parents, and teachers/
administrators using a multi-level survey design targeting individual,
interpersonal, and community levels of influence. This CBPR needs
assessment will serve as a starting point for examining the PA context
(e.g., school, home, weekdays, weekends) in the current school partner
and inform future CBPR needs assessments with additional
school partners.

Setting and sample

We partnered with a rural Midwestern middle school with a
population that is predominantly White and from low-SES
backgrounds (the entire student body is eligible for free-and-reduced
meals due to the school districts high poverty). Data collection will
include a survey sample of n=40 students, n=40 parents, and n=15
teachers/administrators (total n=95). The proposed sample size was
selected to be feasible while having a large enough sample to have
approximately normal distributions in our outcomes based on the
central limit theorem (46-48). Inclusion criteria for children: (1)
enrolled in the middle school; (2) entering 6th or 7th grade in fall 2023
semester; (3) have a parent/guardian willing to provide consent to
participate; (4) willing to participate in the survey (assent). Inclusion
criteria for parents/guardians: (1) Parent/guardian of a student
currently enrolled at the school in 6th or 7th grade; (2) willing to
participate in the survey. Inclusion criteria for teachers/administrators:
(1) currently employed by the school; (2) willing to participate in the
survey. We will purposively sample to ensure a balanced representation
of male and female participants and diverse physical activity interests,
including those who do not participate in much PA.

Procedure

Child survey

After receiving consent from parents, we will obtain assent from
children before they participate in the study to ensure children fully
understand the assent document information, including the purpose
of the study, study requirements, and potential risks or benefits.
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Parental consent will be collected remotely through an informed
consent document distributed through Qualtrics survey software.
Child assent and survey administration will be conducted through
Qualtrics and occur in-person to increase compliance and
understanding. The survey measures will include demographics, the
Physical Activity Questionnaire for Children (PAQ-C) (49-52),
Expanded Food and Nutrition Education Program (EFNEP) Food and
Physical Activity Behaviors Questionnaire (53), Basic Psychological
Needs in Exercise Scale (BPNES) (43, 44), and child-tailored/
appropriate questions related to Policy-Systems-Environment
(PSE) (54).

Parent/guardian survey (hereafter referred to as
the adult survey)

For the adult survey, we will obtain consent and administer the
survey remotely. Similar to the child survey, the adult surveys will
include demographics, questions from the EFNEP Food and Physical
Activity Behaviors Questionnaire (53), BPNES (43, 44), and select PSE
questions from prior PA research (54). Both surveys will include pilot
survey debriefing questions developed by survey methodologists from
the Indiana University Center for Survey Research, encouraging
participant feedback on survey methodology and assessing potential
areas for improvement in future surveys. A more comprehensive
understanding of the community’s PA landscape can be achieved by
conducting separate surveys for the adults and children. See the
Measures section for additional details and see Supplementary files 1,2
for the complete child and adult surveys, respectively.

Measures

Physical activity

The Physical Activity Questionnaire for Children (PAQ-C) will
be used to assess self-reported physical activity behaviors in children
(49, 52). The PAQ-C assesses PA during physical education class,
recess, lunch, right after school, evening, weekends, and spare time.
The PAQ-C consists of 10 items scored on a 5-point scale ranging
from “no” activity being a 1 and “7 times or more” being a 5. In
children, the PAQ-C has demonstrated good internal consistency,
acceptable validity, and an adequate Cronbach’s alpha coefficient of
0.72-0.88 (50, 51). For the adult survey, PA-related questions are being
asked about programming and PA equipment they would like to see
offered at the school.

Nutrition

Questions from the Expanded Food and Nutrition Education
Program (EFNEP) Food and Physical Activity Behaviors
Questionnaire will be used to assess dietary intake. Questions covered
nutritional behaviors “over the last 7days” and “yesterday” Of the
original 30 questions on the questionnaire, the research team selected
eight questions for children and 10 questions for adults to help ensure
the survey will be feasible in terms of respondent burden. Response
options allow participants to select how often they consume various
food and drink options. The EFNEP began in 1969, serves all states
and U.S. territories, and reaches 450,000 low-income youth and
200,000 low-income adults each year (53, 55). The EENEP consistently
shows more than 90% of adults and 80% of youth report improved
nutritional practices (55, 56).
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Psychological needs

Children and adults will rate the satisfaction of their psychological
needs in exercise settings with the Basic Psychological Needs in
Exercise Scale (BPNES). The BPNES measures psychological needs
satisfaction in an exercise context based on autonomy, competence,
and relatedness (43, 44, 57). The BPNES consists of 11 items with
scores on a 5-point Likert scale ranging from “I do not agree at all” to
“I completely agree” Four items assessed autonomy, four for
competence, and three for relatedness (57). In adults, the BPNES has
demonstrated adequate internal consistency with Cronbach’s alpha
coeflicients of 0.84 for autonomy, 0.81 for competence, and 0.92 for
relatedness, as well as acceptable discriminant and predictive validity
(44). The scale scores are also largely unaffected by social desirability
bias and have demonstrated stability over a 4-week period (44).

Policy-systems-environment

The adult survey will include questions addressing the PSE level
of influence. Questions will assess adults’ interest in PA, nutrition,
positive behavioral programming, and perceptions of current school
PA policies and interest in new school PA policies. PA environmental
questions were informed by past research on perceived environmental
variables that may influence PA (54). As PA behaviors exist within an
array of settings and levels of influence, questions focus on gaining an
understanding of PA behaviors in various settings such as homes,
neighborhoods, PA facilities, and parks. See Supplementary files 1, 2
for complete versions of the adult and child surveys, respectively.

Data analysis

For descriptive statistics, we will compute frequencies and
percentages for each categorical variable and calculate means and
standard deviations for continuous variables. Quantitative analyses
will be performed in R 4.0.3 (58). In collaboration with the Indiana
University Center for Survey Research, the research team will review
qualitative responses to identify general patterns and main themes.
Results of the qualitative analysis will be reviewed by the research
team and considered for incorporation into future school surveys.
Results from Aim 1 will be used to inform Aim 2 co-design session
topics and to guide open-ended question design.

Aim 2 (Participatory Co-design): Co-design with children and
adults to develop a prototype multi-level PA intervention protocol,
called Hoosier Sport.

Design

The study’s second phase is to co-design a prototype of the Hoosier
Sport intervention protocol (NIH Stage 1A) to understand the unique
PA-based needs of youth from primarily low-SES rural backgrounds
by targeting individual, interpersonal, and school levels of influence.
We will conduct a 5-step participatory co-design protocol that
includes the following 5 session sequence: (1) problem identification;
(2) solution generation; (3) solution evaluation; (4) operationalization;
and (5) prototype evaluation. The participatory co-design process in
our study context is designed to empower children and adults (i.e.,
parents/teachers/administrators) to provide input into the prototype
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FIGURE 2
Participatory co-design sessions.

Hoosier Sport PA intervention protocol. Based on preliminary school
stakeholder input and previous PA intervention literature (59), the five
preliminary intervention topics we anticipate designing are: (1) sport/
PA participation (60); (2) leadership development (61); (3) social
support for PA (62); (4) empowering education (63); (5) PA take-
home equipment & activities (64). School administrators have
requested that the Hoosier Sport intervention be designed to
be conducted during physical education class. We will recruit two
separate co-design teams, with one group consisting of n=>5 adults
and one group of n=5 children. Completion of the participatory
co-design sessions will result in a testable prototype intervention
protocol to be deployed in Aim 3. The intervention title Hoosier Sport
was selected because Hoosier is a term of pride among many Indiana
residents and integrating sport into the intervention is part of the
“hook” to encourage children to participate in programming
(Figure 2).

Setting and sample

We will assemble two groups of co-designers, including one group
of adults (parents, teachers/administrators) and one group of children,
each with n=5 individuals, which aligns with the standard range of
participants needed for a participatory design (65). The odd number
of participants allows for a majority vote to break ties between design
alternatives within the group. Adults and children will be recruited via
parent/guardian meetings and weekly newsletters distributed by
school administrators. Due to the limited sample size and time
commitment required for the co-design, we will use convenience
sampling but will attempt to enroll approximately 50% female and
50% male and include participants who regularly participate in PA
and those that do not. To be eligible for inclusion, children must be:
(1) enrolled in the middle school; (2) entering 6th grade; (3) have
parent/guardian consent to participate; (4) willing to participate in all
5 co-design sessions. To be eligible for inclusion, adults must be: (1) a
parent/guardian of a student currently enrolled at the school in 6th or
7th grade or a teacher/administrator employed at the school; and (2)
willing to participate in all 5 co-design sessions.

Procedure

The two design teams will complete a series of five co-design
sessions across 3 months, with approximately 2-weeks between
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sessions. The child group will begin the process, and in parallel,
the adult group will have alternating sessions between the child
sessions (e.g., child session, adult session, child session, etc.). The
adult group will co-design with the study team to review and
revise the child-developed prototype while striving to maintain as
many child-derived components as possible. This parallel and
alternating co-design process will allow children to have a sense
of autonomy in the process to include important concepts to them
(e.g., fun, enjoyment) while allowing the adults to refine the
intervention protocol to increase the likelihood of feasibility
and practicality.

The sessions will be facilitated by an experienced research team
member with training in facilitating group coaching and discussions.
The research team will develop open-ended questions to guide each
session that are aligned with each session’s goals. For instance, in
session 1, the design session agenda focuses on understanding
challenges with children’s PA-related behaviors. The design process is
an iterative process where we begin by coming to a common
understanding of the challenges with PA-related behaviors, then
collaboratively develop numerous divergent solution ideas for (1)
sport/PA participation; (2) leadership development; (3) social
support for PA; (4) empowering education; and (5) PA take-home
equipment & activities. Then, we progressively move toward a
detailed and high-fidelity intervention protocol. During each session,
the facilitator will encourage discussion, interpretation, and
respectful debate among design team members while ensuring
progress. PA-based needs, goals, opportunities, and assets identified
in Aim 1 will be integrated throughout the design session discussions
by providing survey results to co-designers during session agenda
development and finalization.

The research team will collect observation notes and audio
recordings to analyze the design teams’ work as it is produced.
These records will capture the co-design sessions, allowing for a
detailed examination of the participants’ conversations, thought
processes, and collaborative efforts in generating and grouping
intervention design solutions. During the co-design sessions, the
facilitators will help guide the participants’ conversation and
thought process in generating and collaborating on intervention
protocol design solutions. Each session will last for 60-90 min.
Sessions will be audio recorded, and observation notes will analyze
the design team’s work. In session 5, the teams will evaluate the
prototype Hoosier Sport protocol feasibility, acceptability, and
appropriateness on the Feasibility of Intervention Measure (FIM),
Acceptability of Intervention Measure (AIM), and Intervention
Appropriateness Measure (IAM) (66), each adapted to our study
context and described in subsequent sections.

Measures

The FIM, AIM,
implementation outcomes that are considered indicators of

and IAM are four-item measures of

implementation success (66, 67). These measures can be used to
prospectively determine the extent to which stakeholders believe
Hoosier Sport will be feasible, acceptable, and appropriate (66, 67). The
FIM, AIM, and IAM demonstrated adequate content validity,
discriminant content validity, reliability, structural validity, structural
invariance, and responsiveness to change (66).
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Data analysis

During the approximately 2-week periods between sessions, the
research team will analyze the audio recording and observation notes
of the sessions using the Rapid Identification of Themes from Audio-
recordings (RITA) method (68). The RITA method allows for reliably
coding and analyzing qualitative data without time-consuming
transcription (68). We will apply descriptive statistics to analyze
summative quantitative data from the FIM, AIM, and IAM used in
session 5. At the conclusion of the analysis from session 5, we will have
a detailed draft of an intervention protocol to pilot/feasibility test
in Aim 3.

Aim 3 (Pilot Testing): Assess Hoosier Sports trial- and
intervention-related feasibility indicators.

Design

The third phase of the study is to assess intervention feasibility by
testing the Hoosier Sport intervention with 6th grade students from
one rural middle school twice per week for 8-weeks during physical
education class (NTH Stage 1B). We will assess recommended trial-
and intervention-related feasibility measures for pilot/feasibility
studies (35). As exploratory outcomes, we will also assess PA levels
(steps per day using Axivity AX3 accelerometers (69, 70)), blood
pressure, and psychological needs using the BPNES (57). After the
first pilot/feasibility test of Hoosier Sport, we will adopt a “traffic light”
system of a priori progression criteria for feasibility outcomes (e.g.,
recruitment, retention) to guide intervention revisions and retesting
Hoosier Sport the following semester. Hoosier Sport college student
mentors will work alongside the research team to deliver the
intervention (additional details in the next section). The college
student mentors will be upper division undergraduate and graduate
students enrolled in public health majors. To enhance intervention
fidelity and as a part of the academic course, college student mentors
will participate in 4-weeks of training classes prior to being deployed
to the middle school, where they will receive course credit for hours
spent delivering the intervention. Hypotheses for Aim 3 include the
following: (3a) achieve full enrollment (n=20); (3b) 85% retention at
the end of the intervention; (3c) 75% attendance rate; (3d) mean score
of >16 (a “good” score) on the FIM; (3e) mean score of >16 (a “good”
score) on the AIM; (3f) mean scores of >16 (a “good” score) on the
IAM; (3 g) 80% fidelity with intervention procedures.

College student mentor implementation
strategy for pilot/feasibility testing

Hoosier Sport college student mentors will be recruited through a
service-learning course developed by the research team, titled
“Introduction to Youth Sport Development, and housed within the
Department of Kinesiology at the Indiana University School of Public
Health-Bloomington. This course includes topics such as effective
mentoring techniques, communication strategies, and administering
safety protocols. College student mentor models have been used to
engage youth in PA, attain knowledge, and apply healthy behaviors,
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transferrable life skills, and academic enrichment (29-31). College
students can provide personal support and guidance to overcoming
environmental, social, and psychological barriers, leading to improved
adherence to PA and increased peer resources to sustain PA (71, 72).
Serving as role models, college students provide a dual intervention
effect by gaining professional and practical experience while
facilitating an environment that promotes positive youth development.
Additionally, the constant influx of college students into the university
has the potential to fulfill the delivery of PA-based interventions while
being cost effective, potentially sustainable, and scalable (29-31).

Setting and sample

We will recruit # =20 6th grade students to participate in the pilot
study. A sample size of at least 12 is considered adequate for
intervention feasibility studies, but we will recruit more to account for
potential dropout (48). The sample size of 20 was also selected within
our resource limitations, initial staffing availability, and based on
feasible recruitment estimates. Similar to Aim 2, we will use
convenience sampling but strive for diversity of biological sex and
physical activity participation. We will attempt to enroll approximately
50% female and 50% male participants and look to include participants
who regularly participate in physical activity and those that do not.
Inclusion criteria: (1) currently enrolled in 6th grade at the school; (2)
have parental consent to participate; (3) agree to study participation
(assent); (4) plan to attend all school days during the intervention
period; (5) be available for baseline and post-intervention
data collection.

Procedure

The research team will introduce the initial study recruitment
information via email and newsletter. A Qualtrics survey link with
additional study information will be provided to those adults who
express interest in having their child(ren) join the study. The
research team will confirm eligibility via email/phone. Consent
from parents to have their child(ren) join will populate a list of
children who are eligible to be approached for assent. The research
team will then host a study information and recruitment session for
children at the school site. At this session, child participants will
be provided with study information and a Qualtrics-based assent
survey in appropriate and understandable terms for 6th grade
students. Children will be provided with an opportunity to ask
questions and informed that they can discontinue participation at
any time during the study.

Enrolled participants will be mailed their initialized Axivity AX3
accelerometer (69, 70) and an instruction sheet. Participants’ PA will
be collected using Axivity AX3 accelerometers for the 14days at
baseline (7 days pre-intervention and the first 7 days of the
intervention) and another 14 days at the end of the intervention (the
last 7 days of the intervention and 7 days immediately post-
intervention). Participants who successfully return their accelerometer
will be provided with their choice of sporting equipment (options:
over-the-door basketball hoop, kick ball, or soccer ball). Blood
pressure (BP) will be measured at the pre- and post-time points using
an automatic Omron HEM 907XL blood pressure monitor (73)
following American Heart Association protocols (e.g., three
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measurements 1 min apart, no caffeine or exercise within 30 min of
assessment, and measuring at the same time each day). Participation
will take place at their school during 2 days per week for 8-weeks. The
pre- and post-data collection will take place during the lunch periods.
The research team will schedule additional data collection for each
time point to account for participants who miss the data
collection event.

Measures

In line with recently published NIH-funded pilot/feasibility
research (35), we will assess two types of feasibility measures: (1) trial-
and (2) intervention-related feasibility indicators. For trial-related
feasibility indicators, we will measure recruitment capability and
retention. For intervention-related feasibility indicators, we will
measure treatment fidelity (i.e., assessing whether intervention
components are delivered accurately, consistently, and with quality),
acceptability, attendance, compliance (e.g., accelerometer usage), cost,
and appropriateness (i.e., evaluating setting, cultural norms, or specific
requirements). Measures will be collected at two time points (mid-
recorded via Qualtrics

and post-intervention) and using

mobile devices.

Recruitment capability

Recruitment capability will be determined based on (1) the
number of children successfully enrolled into Hoosier Sport (consent
from parent/guardian and assent from child) and (2) the number of
college students successfully enrolled into the “Introduction to Sport-
Based Youth Development” course.

Retention

Retention will be measured based on (1) the number of children
who participate in the post-intervention data collection event and (2)
the number of college students who successfully completed their
service-learning hours at the middle school. A make-up post-
intervention event will be scheduled for child participants who miss
the post-intervention data collection event.

Treatment fidelity

Three groups of stakeholders (children, college students, and the
research team) will assess treatment fidelity using self-report measures
at two time points (mid- and post-intervention) to explore whether
the intervention was delivered accurately, consistently, and with
quality. Assessment of fidelity will be guided by three questions from
past school-based PA implementation research (74): (1) to what extent
was the intervention delivered as planned? (2) in what ways, if any, did
the college student mentors adjust the program? (3) what were the
reasons for any adjustments?

Acceptability, appropriateness, feasibility

Children who participate in Hoosier Sport will rate the feasibility,
acceptability, and appropriateness of the intervention using the FIM,
AIM, and IAM, respectively (each described in Aim 2).

Compliance

Accelerometer compliance will be assessed for each of the two PA
data collections by determining the number of days accelerometers
collected data compared to the target.
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Cost
Cost of the intervention will be monitored throughout the study
period and determined in comparison to the prospective study budget.
Data analysis

Quantitative analysis of survey measures

For analysis, we will check the completeness and distributions of
all variables. Normalizing transformations will be applied as needed
for non-normally distributed variables. Internal consistencies of scaled
scores are assessed with Cronbach’s alpha. Analyses of primary
outcomes (i.e., feasibility indicators) and exploratory outcomes (i.e.,
PA, BP, BPNES) will be descriptive with means and standard
deviations (SD).

Discussion

Health interventions incorporating evidence and engaging key
community members in the planning process generate more effective
outcomes (34, 75, 76). As such, the World Health Organization has
recognized human-centered design as a key strategy to address various
health challenges and promote equitable healthcare solutions (77).
Prior research has demonstrated that participatory co-design is an
effective strategy for designing innovative interventions with unique
populations (e.g., rural low-SES communities) (78, 79). Our human-
centered protocol provides a foundation to yield a feasible intervention
in accordance with Stages 0, 1A, and 1B of the NIH Stage Model for
Behavioral Intervention Development. This protocol can be broadly
applied by researchers who are developing and piloting PA-based
interventions in schools.

The published participatory co-design approach employed by the
present study has been shown to lead to effective intervention
development (78, 80-82). Co-designed interventions are likely to
be more engaging, satisfying, and useful to participants (83), and
while co-design has been done in under-resourced PA contexts with
children (84, 85), the field remains in its relative infancy. Our planned
methods will consider the unique PA-related needs, goals,
opportunities, and assets of rural children, parents, and teachers/
administrators and are likely to lead to PA-based intervention that is
uniquely responsive to the target middle school community. By
including both trial- and intervention-related feasibility measures, the
proposed protocol aligns with current literature on improving
reporting of feasibility measures in pilot/feasibility studies (35) and
may be more likely to lead to effectively informing future revisions to
Stage 1B or subsequent Stage 2/3 efficacy clinical trials. A recent
scoping review of behavioral pilot/feasibility studies found that trial-
related feasibility was reported in many studies (i.e., recruitment and/
or retention); however, important intervention-related feasibility
indicators were not widely reported (ie., fidelity, acceptability,
attendance, compliance, cost, appropriateness) (35). Additionally, the
implementation strategy utilizing a pipeline of college student mentors
presents a potentially promising approach to addressing an often
expressed weakness in CBPR research - frustration with programs,
particularly because the programs/interventions are short-term,
provide little long-term benefit, and do not provide the needed
infrastructure to sustain efforts (32).

In sum, successfully completing the aims will lead to a feasible
Hoosier Sport intervention poised for refinement or expansion in a
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Stage 2/3 efficacy clinical trial, powered to test changes in physical
activity, with secondary outcomes of other cardiovascular disease risk
factors (e.g., blood pressure, high-sensitivity C-reactive protein).
Findings will also help inform other academic institutions practicing
CBPR and aiming to partner with local schools. Ultimately, Hoosier
Sport should be feasible and adaptable to a range of school contexts
that could benefit immediately from partnerships with major
academic institutions with the college student service-learning
workforce to deliver programming at scale.
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Objective: The study aimed to evaluate the prevalence and correlates of sedentary
behavior and combination of sedentary behavior and low physical activity among
adults in Afghanistan in 2018.

Methods: This was a national representative cross-sectional study. The study
utilized the data from Afghanistan STEPS survey 2018, where 3,956 adults (ages
between 18 and 69 years) were interviewed at community-dwelling level. Using
the Global Physical Activity Questionnaire, we have calculated the sedentary
behavior and physical inactivity. Logistic regression was applied to investigate
factors associated high sedentary behavior and low physical activity.

Results: Approximately half of the participants (49.8%) exhibited high levels
of sedentary behavior, 40.3% low physical activity and 23.5% had both high
sedentary behavior and low physical activity. Adjusted logistic regression analysis
revealed that individuals who were employed (AOR: 0.34, 95% Cl: 0.13-0.88) or
self-employed (AOR: 0.60, 95% CI: 0.38-0.94) had significantly lower odds of
both high SB and low physical activity than those whose work status was unpaid.
Furthermore, older age (AOR: 1.75, 95% CI: 1.35-2.28), urban residence (AOR:
3.17,95% Cl: 1.72-6.05), having 4 or 5 adult household members (AOR: 1.77, 95%
Cl: 1.21-2.58) and being underweight (AOR: 1.78, 95% Cl: 1.02-3.12) were found
to be associated with high sedentary behavior. Moreover, factors such as female
sex, having 4 or 5 or 6 or more adult household members, urban residence,
overweight, and diabetes were positively associated, and male sex (AOR: 0.24,
95% CI: 0.12-0.51), being employed (AOR: 0.34, 95% Cl. 0.13-0.88) or self-
employed (AOR: 0.60, 95% CIl: 0.38-0.94) were negatively associated with the
occurrence of combination of high sedentary behavior and low physical activity.

Conclusion: Half of the participants had high sedentary behavior, and one in
four had both high sedentary behavior and low physical activity together. These
findings emphasize the importance of targeted interventions aimed at reducing
sedentary behavior and promoting physical activity, particularly among vulnerable
populations such as females, individuals from lower socioeconomic background,
urban residents, and those with chronic conditions. Addressing these factors can
contribute to improving public health outcomes and reducing negative health
impacts of sedentary behavior in Afghanistan.
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sedentary behavior, low physical activity, adults, Afghanistan, STEPS survey
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Introduction

Sedentary behavior (SB) has been described as “any waking
behavior characterized by an energy expenditure of 1.5 metabolic
equivalents (METS) or lower while sitting, reclining, or lying” (1). The
significance of this problem extends beyond its mere prevalence; it
encompasses a complex web of adverse health outcomes and
socioeconomic implications that necessitates careful consideration. SB
is not an isolated issue but a contributor to spectrum of health
problems. Independent of individual’s physical activity (PA), SB has
been identified as a critical factor in the development of several health
conditions such a type 2 diabetes, cardio-metabolic risks,
hypertension, high cholesterol (2-4). Its influence on this condition is
profound leading to increased morbidity and mortality rates. In
addition, there is an increasing negative impact of combination of SB
and low PA on morbidity and mortality (5-7).

In studies in high-income countries, for example, among adults in
Japan the prevalence of high SB (>8h/day) was 25.3% (8), and among
adults across 28 European countries, the prevalence of high SB (>7.5h/
day) was 18.5% (9). Among adults in Australia, 8.9% had combination
of high SB and low PA (10), and among adults in the USA the
combination of high SB and low PA prevalence was 5.5% (11). In
middle-income countries, for example, among adults in Armenia the
prevalence of SB (>8h/day) was 13.2% (12), among adults in Bhutan,
8.2% (>6h/day) (13), among adults in South Africa 13.3% (>8h/day)
(14), and among adults in six low-and middle-income countries
(LMIC), the prevalence of high SB (>8h/day) was 8.3% (15).

Understanding the correlates of high SB and the combination of
high SB and low PA is crucial for the development of appropriate
interventions (8). Correlates of SB in high-income countries may
include, for example in Japan, higher socioeconomic status, and
higher body mass index (BMI) (>25kg/m?) (8), in Australia male sex,
higher education, higher BMI and lower self-rated health (10).
Correlates of SB in LMIC may include, for example, in Bhutan higher
socioeconomic status, urban residence, low PA and diabetes (13), in
South Africa, older age, cognitive impairment, hypertension and
stroke (14), and in six LMIC, unemployment, tobacco use, low PA,
functional disability, poorer mental and physical health status (15).
Correlates for combination of high SB and low PA, for example among
adults in Mexico, include sociodemographic factors including higher
socioeconomic status, higher education, urban residence, and lower
age (16).

In high-income countries, comprehensive research has
highlighted the far-reaching consequences of SB and the pressing need
for interventions. Some school-based programs in high income
countries that encourage performing regular activity and avoids
prolonged sitting, have demonstrated positive outcomes (17).
Additionally, another initiative known as “Active School” program,
implemented in Canada, which emphasize on high-quality physical
education and actively encourages students to engage in 60 min or
more of moderate- to vigorous PA, resulted in a significant impact on
the health and well-being of participating students (18).

The extent to which these social and health correlates apply to
adults in Afghanistan remains unclear, and requires further
investigation. There is little information available on the epidemiology
and associated factors of SB and combination of SB and low PA in
LMIG, particularly in Afghanistan, which reduces our ability to design
effective interventions (19). To address this research gap, we in this
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study aimed to evaluate the prevalence and correlates of SB and
combination of SB and low PA among adults in Afghanistan. By
clarifying the problem’s magnitude and underpinning its
consequences, this research seeks to inform policy makers, public
health practitioners, and the global health community about the
urgent need for targeted interventions. In a country striving to rebuild
its health systems and improve the well-being of its citizens, this study
will serve as empirical evidence which will guide the development of
evidence-based strategies aiming to reduce sedentary behavior and
promoting PA, which ultimately will enhance the quality of life and

well-being of the population.

Methods
Sample and procedure

This analysis used secondary data from a national cross-sectional
household survey in Afghanistan in 2018 (20). By using a multistage
cluster approach, a nationally representative sample of individuals aged
18-69years was generated (21). The primary sampling units were 55
districts randomly selected from 417 districts, followed by selection of
households from these districts proportionate to the size of district (see
Figure 1). One person from each household was randomly selected (21).
The STEPS recommended 3 age groups per gender of 18-29, 30-44, and
45-69years were used to calculate the sample size for the 6 different

Total number of
districts

n=417
[

Total districts selected
n=55

Households Selected
for interview

n=3,972

Not Interviewd (unavailable)
n= 16

Final sample included in
our analysis

n=3,956

FIGURE 1
Flowchart of the sample selection.
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strata of populations. Using a confidence level of 95%, a margin of error
of 5%, 0.5p, and 0.5q, the resulting sample size was 384. With a design
effect of 1.5 and a non-response rate of 15%, the sample size was
adjusted to 662 for each strata of the age-sex group. The adjusted sample
size was multiplied by six gender groups (662*6) to get the final sample
size of 3,972 households. In the end, 3,972 households (male and
female) were selected for data collection in 55 randomly selected
districts of Afghanistan. The dataset lacked 16 households, so the final
sample size included in the analysis included 3,956 households (21).
Inclusion criteria were household permanent residents aged 18-69
(50% male and 50% females) and willingness to participate in the study
(21). To insure the cultural sensitivity, interviews were conducted by
trained interviewers of the same gender, with male interviewers for
males participants and female interviewers for female participants
(21). In the sedentary behaviors measurement, there were 24 (0.6%)
missing observations and for PA, there were 36 (0.5%) missing
observations. Calculating the difference in characteristics between the
excluded subjects and the included subjects, we could not find any
significant differences (p >0.05). Ethical approval for the original
survey was obtained from the “Ministry of Public Health Ethics Board”
in Afghanistan, and participants provided written informed consents.
Data collection followed the “WHO STEPS methodology: step 1
included

(sociodemographics, medical history, medication use, and health risk

administrating a structured questionnaire
behaviors), step 2 entailed measuring blood pressure and
anthropometric indicators, and step 3 encompassed conducting

biochemical tests (blood glucose and blood lipids assessments)” (21).

Measures

Outcome variables

SB was assessed with one item from the “Global Physical Activity
Questionnaire (GPAQ)” (22), as follows:

“The following question is about sitting or reclining at work, at
home, getting to and from places, or with friends including time spent
sitting at a desk, sitting with friends, traveling in car, bus, train,
reading, playing cards or watching television, but do not include time
spent sleeping. How much time do you usually spend sitting or
reclining on a typical day?” (Hours/min).

High SB was classified as 8 or more hours per day, following a
previous classification for all-time mortality risk (23). Data truncation
was applied when sedentary duration was 960min/day (16h) or
more (22).

Physical activity levels were classified into low, moderate, and high
PA (<600, 600-1,500, and > 1,500 MET-minutes/week, respectively)
according to the GPAQ guidelines (22). Data truncation was applied
when the activity reported within any domain or intensity was
960 min/day (16h) or more (22). Occurrence of high SB and low PA
together was defined as combination of SB and low PA.

Social and demographic informations included, age, sex,
education, number of adult household members (as a proxy for
socioeconomic status) (24), and residence status. Past 12-month work
status was grouped into 1=employee (government employee, or
non-government employee), 2=self-employed, and 3=unpaid
(student, unemployed, homemaker, non-paid, or retired) (21).

Behavioral covariates included current tobacco use, and daily
servings of vegetable and fruit intake.
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Biological variables included BMI, blood pressure, blood sugar,
hypercholesterolemia, and heart attack. BMI level was classified as
“<18.5kg/m* underweight, 18.5-24.9kg/m’ weight,
25-29.9 kg/m’* overweight and >30kg/m? obesity” (25). Hypertension
was defined as “systolic blood pressure (BP) >140 mmHg and/or

normal

diastolic BP >90mm Hg or where the participant is currently on
antihypertensive medication” (26). Diabetes was defined as “fasting
plasma glucose levels >7.0 mmol/L (126 mg/dL); or using insulin or
oral hypoglycemic drugs; or having a history of diagnosis of diabetes”
(27). Raised total cholesterol (TC) was defined as “fasting TC
>5.0mmol/L or currently on medication for raised cholesterol” (27).
History of heart attack or stroke was assessed from the question,
“Have you ever had a heart attack or chest pain from heart disease
(angina) or a stroke (cerebrovascular accident or incident)?” (21).

Data analysis

Analysis weights were calculated by taking the inverse of the
probability of selection of each participant adjusted for differences in
the age-sex composition of the sample population as compared to the
target population (21). Descriptive statistics were used to provide the
distribution of sociodemographic and health information of the
sample. Unadjusted and adjusted logistic regression was applied to
investigate associated factors (sociodemographic and health variables)
of high SB and combination of high SB and low PA. Variables
significant in univariate analyses were subsequently included in the
multivariable logistic regression. Taylor linearization methods were
applied in statistical procedures accounting for sample weight and
multi-stage sampling. Only complete cases were included (<0.5%
missing on outcome variables SB and PA) in the analysis and
significance was established at p<0.05. Statistical procedures were
done using “Stata software version 15.1 (Stata Corporation, College
Station, TX, United States),” and considering the complex study
approach of multi-stage sampling and weighting of the data.

Results
Sample characteristics

The sample consisted of 3,956 adults (18-69years), with a median
age of 35years (interquartile range 24-60), 51.9% of the participants were
men. Majority (61.1%) had no formal education, 42.3% were living with
six or more adult household members, and 57.8% lived in urban areas.
Approximately half of the participants (49.8%) had high SB, 40.3% low
PA, and 23.5% had both high SB and low PA. Further sociodemographic
details and information about health variables are shown in Table 1.

Associations with high sedentary behavior

In univariable analyses, older age, having 4-5 adult household
members, urban residence, overweight, obesity, and type 2 diabetes
were positively associated with high SB, while male sex, being self-
employed and high PA were negatively associated with high SB. In the
multivariable analysis, older age (30-69 years) (AOR: 1.75, 95% CI:
1.35-2.28), having 4-5 adult household members (AOR: 1.77, 95% CI:
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TABLE 1 Sample and sedentary behavior (SB) and low physical activity (PA) characteristics among adults in Afghanistan, 2018.

Variable Sample SB Low PA SB and low PA
Ne (%)° 0P A A
All 3,956 49.8 40.3 235
Age in years
18-29 1879 (47.9) 46.7 40.0 219
30-69 2046 (52.1) 54.0 40.7 25.6
Sex
Female 1930 (48.1) 58.9 62.9 39.2
Male 2022 (51.9) 41.5 19.5 9.0
Education
None 2,225 (61.1) 53.0 48.6 30.2
<Primary 681 (15.8) 48.9 37.8 19.1
>Secondary 1,047 (23.1) 422 20.1 8.8
Adult household members
1-3 1,412 (23.8) 40.3 33.2 15.7
4-5 1,286 (34.0) 55.0 37.8 23.0
>6 1,255 (42.3) 51.1 46.3 28.3
Work status
Unpaid 2,134 (55.9) 55.3 55.6 352
Employee 346 (8.4) 41.9 20.6 9.4
Self-employed 1,457 (35.7) 48.0 16.0 6.4
Residence
Rural 1877 (42.2) 33.6 315 14.3
Urban 2078 (57.8) 61.7 46.7 30.2
Body mass index
Normal 1774 (49.5) 42.8 32.0 16.7
Underweight 264 (7.8) 56.6 37.3 214
Overweight 1,071 (25.5) 51.0 40.6 24.6
Obesity 636 (17.2) 54.7 52.8 29.6
Current tobacco use 870 (26.2) 49.0 27.2 15.3
Daily servings of fruit/vegetables intake
<1 2,523 (59.8) 48.6 43.0 26.0
2 925 (28.9) 54.4 35.1 20.6
>3 508 (11.3) 44.6 39.3 17.6
Hypertension 1,193 (29.2) 51.6 47.1 28.4
Type 2 diabetes 408 (9.2) 59.7 59.1 39.6
Raised cholesterol 707 (18.0) 56.4 47.1 32.4
Heart disease or stroke 293 (8.8) 40.7 27.3 14.2

“Unweighted, "weighted.

1.21-2.58), urban residence (AOR: 3.23, 95% CI: 1.72-6.05) and being
underweight (AOR: 1.78, 95% CI: 1.02-3.12) were significantly
positively associated with high SB, and being male (AOR: 0.50, 95%
CI: 0.29-0.91) was inversely associated with high SB (see Table 2).

Associations with low physical activity

In univariable analyses, having 6 or more adult household
members, urban residence, overweight, obesity, hypertension and
type 2 diabetes were positively associated with low PA, while
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male sex, higher education, being employed or self-employed,
current tobacco use and having a history of heart attack or stroke
were negatively associated with low PA. In the multivariable
analysis, having 6 or more adult household members (AOR: 1.88,
95% CI: 1.24-2.84), urban residence (AOR: 2.12, 95% CI: 1.34-
3.38), and being overweight (AOR: 1.36, 95% CI: 1.04-1.78) were
significantly positively associated with low PA, and being male
(AOR: 0.22, 95% CI: 0.10-0.50), having secondary or higher
education (AOR: 0.58, 95% CI: 0.36-0.93), and being employed
(AOR: 0.34, 95% CI: 0.16-0.71) were inversely associated with
low PA (see Table 3).
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TABLE 2 Association of sociodemographic and health variables with high sedentary behavior among adults in Afghanistan, 2018.

Variable CrOR (95% Cl) P AOR (95% Cl) P
Sociodemographic variables

Age in years

18-29 1 (Reference) 1 (Reference)

30-69 1.34 (1.02, 1.76) 0.036 1.75 (1.35, 2.28) <0.001
Sex

Female 1 (Reference) 1 (Reference)

Male 0.50 (0.27, 0.92) 0.025 0.50 (0.29, 0.91) 0.023
Education

None 1 (Reference) 1 (Reference)

<Primary 0.85(0.59, 1.22) 0.375 0.98 (0.71, 1.35) 0.890
>Secondary 0.65 (0.38, 1.12) 0.119 0.92 (0.62, 1.37) 0.680
Adult household members

1-3 1 (Reference) 1 (Reference)

4-5 1.81(1.18,2.79) 0.007 1.77 (1.21, 2.58) 0.003
>6 1.55 (0.91, 2.65) 0.131 1.27 (0.80, 2.00) 0.312
Work status

Unpaid 1 (Reference) 1 (Reference)

Employee 0.75 (0.34, 1.65) 0.465 1.56 (0.84, 2.90) 0.163
Self-employed 0.58 (0.35, 0.98) 0.040 1.31 (0.84, 2.03) 0.227
Residence

Rural 1 (Reference) 1 (Reference)

Urban 3.17 (1.92, 5.24) <0.001 3.23 (1.72, 6.05) <0.001
Health variables

Body mass index

Normal 1 (Reference) 1 (Reference)

Underweight 1.74 (0.99, 3.04) 0.052 1.78 (1.02, 3.12) 0.042
Overweight 1.39 (1.04, 1.85) 0.026 1.24 (0.90, 1.70) 0.192
Obesity 1.61 (1.18, 2.20) 0.003 1.26 (0.89, 1.80) 0.197
Physical activity

Low 1 (Reference) 1 (Reference)

Moderate 0.68 (0.40, 1.18) 0.242 1.28 (0.73,2.27) 0.388
High 0.53 (0.30, 0.94) 0.043 0.86 (0.54, 1.36) 0.520
Current tobacco use 0.95(0.59, 1.84) 0.844 1.35(0.99, 1.85) 0.054
Daily servings of fruit/vegetables intake

<1 1 (Reference) 1 (Reference)

2 1.26 (0.83,1.91) 0.271 1.29 (0.89, 1.87) 0.177
>3 0.85 (0.51, 1.40) 0.521 0.80 (0.47, 1.35) 0.401
Hypertension 1.09 (0.86, 1.39) 0.482 1.01 (0.77, 1.33) 0.915
Type 2 diabetes 1.62 (1.06, 2.49) 0.026 1.19 (0.78, 1.81) 0.423
Raised cholesterol 1.44 (0.95, 2.18) 0.082 1.08 (0.75, 1.55) 0.683
Heart disease or stroke 0.67 (0.34,1.32) 0.242 0.67 (0.33, 1.36) 0.268

CrOR, Crude Odds Ratio; AOR, Adjusted Odds Ratio.

Associations with combination of high
sedentary behavior and low physical
activity

In univariable analyses, having six or more adult household
members, urban residence, overweight, obesity, hypertension, type 2
diabetes, and raised cholesterol were positively associated with
combination of SB and low PA, while male sex, higher education, being
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employed or self-employed, current tobacco use and having heart
disease or stroke were negatively associated. In multivariable analysis,
compared to participants whose work status was unpaid, the odds of
combination of high SB and low PA was significantly lower in employees
(AOR: 0.34, 95% CI: 0.13-0.88), and those self-employed (AOR: 0.60,
95% CI: 0.38-0.94). Furthermore, the male gender (AOR: 0.24, 95% CI:
0.12-0.51) and consumption of 3 or more servings of fruit and
vegetables a day (AOR: 0.50, 95% CI: 0.28-0.88) exhibited negative
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TABLE 3 Association of sociodemographic and health variables with low physical activity among adults in Afghanistan, 2018.

Variable CrOR (95% CI) p AOR (95% ClI) p
Sociodemographic variables

Age in years

18-29 1 (Reference) 1 (Reference)

30-69 1.03 (0.82, 1.31) 0.790 1.01 (0.70, 1.46) 0.958
Sex

Female 1 (Reference) 1 (Reference)

Male 0.24 (0.08, 0.26) <0.001 0.22 (0.10, 0.50) <0.001
Education

None 1 (Reference) 1 (Reference)

<Primary 0.64 (0.43, 0.96) 0.031 0.92 (0.57, 1.50) 0.745
>Secondary 0.27 (0.18, 0.40) <0.001 0.58 (0.36, 0.93) 0.023
Adult household members

1-3 1 (Reference) 1 (Reference)

4-5 1.22(0.81, 1.86) 0.342 1.27 (0.91, 1.78) 0.164
>6 1.73 (1.12,2.67) 0.013 1.88 (1.24,2.84) 0.003
Work status

Unpaid 1 (Reference) 1 (Reference)

Employee 0.15 (0.08, 0.29) <0.001 0.34(0.16, 0.71) 0.004
Self-employed 0.20 (0.12, 0.34) <0.001 0.60 (0.32, 1.10) 0.100
Residence

Rural 1 (Reference) 1 (Reference)

Urban 1.91 (1.04, 3.50) 0.036 2.12(1.34, 3.38) 0.002
Health variables

Body mass index

Normal 1 (Reference) 1 (Reference)

Underweight 1.26 (0.75, 2.14) 0.378 1.09 (0.65, 1.85) 0.741
Overweight 1.45 (1.15, 1.84) 0.002 1.36 (1.04, 1.78) 0.023
Obesity 2.38 (1.66, 3.40) <0.001 1.50 (0.95, 2.35) 0.079
High sedentary behavior 1.70 (0.98, 2.93) 0.059 1.02 (0.64, 1.62) 0.945
Current tobacco use 0.46 (0.26, 0.78) 0.004 1.22(0.73, 2.04) 0.451
Daily servings of fruit/vegetables intake

<1 1 (Reference) 0.151 1 (Reference) 0.234
2 0.75 (0.50, 1.11) 0.635 0.79 (0.53,1.17) 0.381
>3 0.88 (0.51, 1.51) 0.83 (0.55, 1.26)

Hypertension 1.91 (1.04, 3.50) 0.003 1.25(0.95, 1.64) 0.114
Type 2 diabetes 2.67 (1.58,4.52) <0.001 1.83(0.98, 3.42) 0.057
Raised cholesterol 1.49 (0.98, 2.25) 0.062 0.81 (0.54, 1.22) 0.313
Heart disease or stroke 0.53 (0.30, 0.92) 0.025 0.70 (0.36, 1.35) 0.114

CrOR, Crude Odds Ratio; AOR, Adjusted Odds Ratio.

correlations, whereas, having 6 or more adult household members
(AOR: 2.39, 95% CI: 1.42-4.04), residing in urban areas (AOR: 2.77,
95% CI: 1.60-4.81), being overweight (AOR: 1.45, 95% CI: 1.05-1.99),
and having type 2 diabetes (AOR: 2.02, 95% CI: 1.20-3.43) were
positively associated with the co-occurrence of high SB and low PA (see
Table 4).
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Discussion

We found that the proportion of high SB (49.2%) in
Afghanistan was higher compared to some national community-
based surveys using similar self-reported measures in low
resourced countries, such as in Armenia (13.2%) (12), in
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TABLE 4 Association of sociodemographic and health variables with combination of high sedentary behavior and low physical activity among adults in

Afghanistan, 2018.

Variable CrOR (95% Cl) p AOR (95% CI) p
Sociodemographic variables

Age in years

18-29 1 (Reference) 1 (Reference)

30-69 1.23 (0.91, 1.64) 0.175 1.42 (0.99, 2.03) 0.054
Sex

Female 1 (Reference) 1 (Reference)

Male 0.15 (0.09, 0.28) <0.001 0.24 (0.12,0.51) <0.001
Education

None 1 (Reference) 1 (Reference)

<Primary 0.54 (0.34, 0.86) 0.013 0.80 (0.45, 1.42) 0.440
>Secondary 0.22(0.13, 0.38) <0.001 0.72 (0.40, 1.30) 0.274
Adult household members

1-3 1 (Reference) 1 (Reference)

4-5 1.60 (0.99, 2.61) 0.057 1.78 (1.10, 2.88) 0.018
>6 2.12 (1.28, 2.50) 0.004 2.39 (1.42, 4.04) <0.001
Work status

Unpaid 1 (Reference) 1 (Reference)

Employee 0.13 (0.06, 0.27) <0.001 0.34 (0.13, 0.88) 0.026
Self-employed 0.19 (0.11, 0.33) <0.001 0.60 (0.38, 0.94) 0.025
Residence

Rural 1 (Reference) 1 (Reference)

Urban 2.60 (1.39, 4.87) <0.001 2.77 (1.60, 4.81) <0.001
Health variables

Body mass index

Normal 1 (Reference) 1 (Reference)

Underweight 1.36 (0.73, 2.55) 0.327 1.40 (0.74, 2.67) 0.304
Overweight 1.63(1.22,2.17) <0.001 1.45 (1.05, 1.99) 0.023
Obesity 2.10 (1.36, 3.25) <0.001 1.06 (0.65, 1.74) 0.813
Current tobacco use 0.50 (0.28,0.91) 0.024 1.36 (0.69, 2.67) 0.377
Daily servings of fruit/vegetables intake

<1 1 (Reference) 1 (Reference) 0.593
2 0.74 (0.47, 1.16) 0.190 0.88 (0.56, 1.39) 0.016
>3 0.61 (0.37, 1.01) 0.054 0.50 (0.28, 0.88)

Hypertension 1.46 (1.05, 2.13) 0.026 1.35 (0.96, 1.90) 0.085
Type 2 diabetes 2.51 (1.49, 4.25) <0.001 1.88 (1.10, 2.88) 0.021
Raised cholesterol 1.90 (1.24, 2.89) 0.003 1.08 (0.74, 1.58) 0.672
Heart disease or stroke 0.51 (0.27, 0.99) 0.045 0.63 (0.33,1.22) 0.170

CrOR, Crude Odds Ratio; AOR, Adjusted Odds Ratio.

South Africa (13.3%) (14), and in Bhutan (8.2%) (13, 15), and
community-based studies in some high-income countries, for
example, in Japan (25.3%) (8), and 28 countries in Europe
(18.5%) (9). In small cross-sectional population-based studies
among adults in urban Afghanistan, e.g., in Kandahar city in
2019 also a high rate of daily sitting time (average 10.4h,
compared to 6.8 in this study) has been reported (28) and in
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Jalalabad city the prevalence of sitting 3 or more hours a day was
35.1% (29). The prevalence of low PA (40.3%) in this study was
higher than in a cross-sectional study among hospital patients in
Kandahar city (27%) (30). Regarding the prevalence of the
combination of high SB and low PA (23.5%) in Afghanistan, the
observed rates were found to be significantly higher compared to
previous national community-based studies conducted in other
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regions, such as in Australia (8.9%) (10), and the USA during the
2017/2018 period (5.5%) (11). The elevated prevalence of SB and
the co-occurrence of high SB and low PA in Afghanistan can
be attributed to various factors such as urbanization, changes in
occupational patterns involving more SB, and an increase in less
active transportation in both urban and rural areas (19). Among
the obstacles to participation in PA in Afghanistan are the lack of
time, being too tired, a lack of confidence in participating in
certain types of PA, the type of clothing often worn during
exercise, the lack of single-sex facilities, the inability to participate
in PA with men and the need to be completely covered outside
the house (31). Furthermore, recent government actions have
intensified the issue, with bans on women’s access to work,
education and specifically public parks. These restrictions which
further exacerbates sedentary behavior necessitates immediate
attention and the implementation of transformative interventions
to promote PA.

It is crucial to implement interventions that specifically target SB
and the combined occurrence of SB and low PA. The interventions
may include public awareness campaigns, normalizing PA, national
PA campaigns, national mass participation events on PA, improving
access to sport and other PA facilities, including single-sex facilities,
brief intervention on PA in primary care, and apart from already
promoting PA in public open spaces, PA can be promoted in
workplaces, childcare, school and university setting, through
community sports, through walking and cycling, for older adults and
for people with disability (19, 31-33).

Our study revealed several factors that were associated with
increased odds of high SB and co-occurrence of high SB and low
PA. These factors included non-work status, older age, urban
residence and being underweight which were all positively
associated with high SB. Furthermore, non-work status, female
sex, lower socioeconomic status, urban residence, being
overweight, lower fruit and vegetable intake and having diabetes
were associated with the odds of having both high SB and low
PA. Consistent with previous studies (8, 12, 13, 16, 34-37)
we found that older age, female sex, and urban residence were
positively associated with high SB and/or combination of high SB
and low PA. The higher prevalence of SB, low PA and combination
of high SB and low PA among women than men, “could be related
to cultural issues in the Afghan context such as access to physical
exercise facilities and restriction of female movement outside the
home” (19). Cities in Afghanistan may be exposed to increased
traffic and crime and increased use of motorized transport,
leading to increased SB (15). These results support the
implementation of interventions aimed at reducing SB among
women residing in urban areas of Afghanistan (15). The finding
that lower fruit and vegetable intake was associated with the odds
of having both high SB and low PA may be explained by clustering
of risk factors of non-communicable diseases (29).

While some research (10, 13, 16, 35) found a positive
association between higher socioeconomic status and high SB,
we found no consistent significant association between higher
socioeconomic status (higher education, lower number of adult
household members), and a negative association between higher
socioeconomic status (lower number of adult household
members) and high SB and/or combination of high SB and low
PA, and those with higher education had lower odds of low
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PA. Furthermore, compared to participants who had an unpaid
work status, the odds of combination of high SB and low PA was
significantly lower in those who were employed or self-employed.
People who are employed or self-employed, have better education
and have better economic status may be more aware of the
importance of PA and have more opportunities to engage in
PA (15).

In terms of health-related factors, our findings were consistent
with previous research (10, 13-15), indicating that overweight, and
diabetes were associated with combination of high SB and low
PA. Individuals who are overweight may experience a decline in
mobility that reduces their energy expenditure, leading to weight gain.
This weigh gain, in turn, further reduces mobility and promotes
sedentary lifestyle (38, 39). It is also plausible that high levels of SB and
low PA contribute to chronic conditions (15). Our findings, however,
suggest that SB interventions should consider persons with chronic
conditions, such as overweight, and diabetes (15).

In unadjusted analysis, high PA, current tobacco use, and history of
heart disease or stroke were negatively associated with high SB and/or
combination of SB and low PA. Conversely, raised cholesterol levels and
hypertension were positively associated with these outcomes. Previous
research (13, 15) has also shown an association between low PA and
high SB. Our study found that current tobacco use was marginally
associated with high SB, which is in consistence with previous studies
(10, 13, 15). It is worth noting that SB can contribute to decreased
cardiorespiratory fitness and an increased risk of hypertension,
coronary heart disease, and stroke (40). In a previous study a high
prevalence of SB was found in stroke survivors (41). Engaging stroke
survivors in PA may be difficult to achieve, but it would be important
to develop adapted possible strategies of PA in this group (42).

Study limitations

The cross-sectional nature of our survey hinders us in drawing
causal conclusions. For example, the direction of the association
between overweight and combination of high SB and low PA could
be bi-directional, meaning that combination of high SB and low PA
could lead to overweight and overweight could lead to combination
of high SB and low PA. Additionally certain data in our study relied
on self-report measures, including SB and PA, which may have
introduced response bias potentially leading to underestimation of SB
time (43). Furthermore, we only assessed overall SB, instead of
assessing separate SB domains, such as leisure time, transport
and work.

Conclusion

Half of adults in Afghanistan had high SB, two in five low PA and
one in four had both high SB and low PA. Older age, female sex, urban
residence, having 4 or 5 adult household members, and being
underweight increased the odds of high SB. Furthermore, non-work
status, female sex, lower socioeconomic status, urban residence,
overweight, lower intake of fruit and vegetables, and diabetes
increased the odds of combination of high SB and low
PA. Interventions aimed at reducing SB and promoting PA should
target specific subgroups such as females, older individuals, urban
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residents, those with chronic conditions (underweight, overweight,
and diabetes) and those with lower socioeconomic status.
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Socioeconomic status affects individuals' health behaviors and contributes to a
complex relationship between health and development. Due to this complexity,
the relationship between SES and health behaviors is not yet fully understood. This
literature review, therefore, aims to assess the association between socioeconomic
status and health behaviors in childhood and adolescence. Preferred Reporting
for Systematic Review and Meta-Analysis protocol guidelines were used to
conduct a systematic literature review. The electronic online databases EBSCO
Host, PubMed, Web of Science, and Science Direct were utilized to systematically
search published articles. The Joanna Briggs Institute’s critical appeal tool was
used to assess the quality of included studies. Eligibility criteria such as study
context, study participants, study setting, outcome measures, and key findings
were used to identify relevant literature that measured the association between
socioeconomic status and health behaviors. Out of 2,391 studies, only 46 met
the final eligibility criteria and were assessed in this study. Our review found that
children and adolescents with low socioeconomic status face an elevated risk of
unhealthy behaviors (e.g., early initiation of smoking, high-energy-dense food, low
physical activity, and involvement in drug abuse), in contrast to their counterparts.
Conversely, children and adolescents from higher socioeconomic backgrounds
exhibit a higher prevalence of health-promoting behaviors, such as increased
consumption of fruit and vegetables, dairy products, regular breakfast, adherence
to a nutritious diet, and engagement in an active lifestyle. The findings of this
study underscore the necessity of implementing specific intervention measures
aimed at providing assistance to families from disadvantaged socioeconomic
backgrounds to mitigate the substantial disparities in health behavior outcomes
in children and adolescents.

KEYWORDS

socioeconomic status, health behavior, childhood, adolescence, systematic literature
review
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1. Introduction

Health behavior constitutes a fundamental facet of individuals’
holistic well-being, exerting a substantial influence on their physical
health, mental well-being, and overall longevity (1-5). Over the past
decades, considerable attention has been directed toward
comprehending health behaviors and cultivating healthy lifestyles
(6-9). However, socioeconomic status (SES) (e.g., income, education,
occupation, social position) pose a significant obstacle to achieving
these objectives (10). Thus, people from low-SES backgrounds are more
likely to exhibit a higher rate of smoking tobacco, drinking alcohol,
excess weight gain, and a sedentary lifestyle, which has been consistently
identified as a pivotal determinant of premature and preventable
morbidity and mortality compared to their counterparts (11-13).

The literature reveals that children and adolescents’ health and
health behaviors primarily depend on their parental SES backgrounds
(14-18). It is well documented that children and adolescents from
high parental SES backgrounds have more access to education,
housing, food, clothing, health services, and social services (19-23).
These advantageous services enhance self-confidence, self-esteem, and
self-efficacy, which promotes a healthy lifestyle and reduces the risk of
stress in youngsters (14, 15, 17). In contrast, parental support, healthy
parental lifestyle, medical services, and social networks are less open
to children and adolescents with low parental SES (21, 24-27). Hence,
poor availability of goods and services increases the likelihood of
physical and mental health issues and encourages them to adopt risky
behaviors (e.g., smoking, drinking alcohol, illicit drug use, gambling)
to deal with their concerns (28-33). Therefore, parental social,
cultural, and economic status are fundamental determinants of health
and health behaviors in children and adolescents, which are apparent
from the early stages of life and persist into adolescence (34, 35).

Globally, millions of children, particularly those with low
socioeconomic profiles, do not start their lives in a healthy state (36,
37). This could be due to insufficient goods and services, which are the
primary causes of impairment in children’s neuro-biological
development, resulting in poor social, emotional, psychological, and
physiological outcomes (38, 39). Thus, focusing on improving support
for deprived and underserved populations is a powerful strategy to
establish the roots of healthy behaviors in childhood and adolescent
development (40). Therefore, it is recommended that every
government adopt a health and health equity policy program to
promote positive health behaviors among its population (41-44).

Numerous studies have been documented in the international
literature to determine (45), analyze (46), and explored (47, 48) the
relationship between SES and health behaviors in children and
adolescents. For example, in a study conducted by Liu et al. (49),
adolescents hailing from families with lower parental SES exhibited a
significantly higher likelihood of [OR=2.12, 95% CI, 1.49-3.01]
cigarette smoking than those from middle and high SES backgrounds.
Melotti et al. (50) explored the association between parental SES and
alcohol consumption among adolescents. They discovered an inverse
association, revealing that adolescents with low SES had higher odds

Abbreviations: JBI, Joanna Briggs Institute; PA, Physical Activity; PRISMA, Preferred
Reporting for Systematic Review and Meta-analysis; SES, Socioeconomic Status;
SUMARI, System for the Unified Management of the Assessment and Review of

Information
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(OR: 1.26,95% CI, 1.05-1.52) of consuming alcohol compared to those
with high SES backgrounds. Furthermore, a seminal study by Krist et al.
(51) investigated the impact of parental SES on physical activity levels
in children and adolescents. The results indicated that those from lower
parental SES backgrounds were less likely to engage in regular physical
activity (OR=0.90, 95% CI 0.63-1.29) in comparison to their peers
from higher SES backgrounds. Collectively, this extensive body of
evidence underscores the pivotal role played by parental SES in shaping
the multifaceted landscape of health behaviors among children and
adolescents. These disparities in health behaviors often contribute to
adverse health outcomes, including a heightened prevalence of chronic
diseases such as obesity, diabetes, and cardiovascular diseases (52).
Given the evidence above, examining the association between
parental SES and health behaviors of children and adolescents holds
profound scientific significance and societal consequences. Thus, a
good understanding of how parental SES influences health behaviors
among young individuals enables the identification of vulnerable
populations at an early stage, allowing for targeted interventions and
preventive measures to combat socioeconomic comorbidities and
their consequences during childhood and adolescence. However, to
the best of our knowledge, the existing body of literature examining
the association between SES and health behaviors (e.g., protective
health behaviors and damaging health behaviors) among children and
adolescents remains limited (45-47, 53, 54). To address this gap in the
literature, this review comprehensively examines the association
between SES and health behaviors in children and adolescents aged
3-18years, utilizing the literature on SES and health behaviors. In this
review, health behaviors were examined in two ways: (i) protecting
health behaviors and (ii) impairing health behaviors among children
and adolescents. Protecting health behaviors is defined as the
consumption of fruit vegetables, consumption of dairy products,
regular breakfast, and involvement in physical activity during leisure
time (55). Consumption of high-fatty foods (e.g., chips, noodles), high
sugary drinks (e.g., fruit juice, Coco Cola, cordial) and engagement in
smoking (i.e., tobacco, cannabis), illicit drugs, alcohol consumption,
and sedentary activities during their leisure time are defined as
unhealthy behaviors exhibited by children and adularescent (56). In
this review study, we were particularly interested to examining two
important research questions: (i) Does low socioeconomic status
influence risky or impair health behavior patterns among children and
adolescents compared to their counterparts? (ii) What is the
association between SES and health behaviors in children and
adolescents? Through an exploration of these research questions, this
study will help to better understand the relationship between SES and
health behaviors in children and adolescents. By doing so, this study
seeks to provide valuable insights that can inform potential policy
interventions aims at enhancing the health behavior outcomes of
children and adolescents, particularly those who come from
underserved and disadvantaged socioeconomic backgrounds.

2. Methods

This review article followed the Preferred Reporting for Systematic
Review and Meta-Analysis Protocol (PRISMA-P) guidelines in order
to identify studies that were screened, included and excluded in this
review (57). PRISMA-P helps to provide a guideline for development
of protocol for systematic review, and meta-analysis in order to
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improve the quality and transparency of the studies (58, 59). In this
review, we used the PRIMA checklist shown in Supplementary Table S3.

2.1. Data sources and literature search

To identify relevant articles on SES and health behaviors in
childhood and adolescence, different electronic databases of various
disciplines were searched, including Academic Search, APA
PsycArticles, APA PsycInfo, Cumulative Index of Nursing and Allied
Health Literature (CINAHL), Health Source, Nursing/Academic
Edition, Psychology and Behavioral Sciences Collection, Sociology
Source, Sociology Source Ultimate, PubMed, Web of Science, and
Science Direct. These electronic databases were searched using the
keywords: socioeconomic, “socio-economic;,” “health behavior,
“health behavior,” “health behaviors,” “health behaviors,” teen*,
adolescent*, and child*” (see Supplementary Table S1). The articles
were subsequently exported using EndNote citation manager
X9 version.

2.2. Criteria of included studies

In this systematic literature review, we included studies that
reported an association between SES and health behaviors.
Additionally, we considered studies that had at least one specific
health behavior, either protecting or impairing health behaviors, such
as smoking, drinking alcohol, illicit drugs, physical exercise,
consumption of fruit and vegetables, and dietary habits. Consequently,
all peer-reviewed prospective, retrospective, quantitative studies from
both developed and developing countries, published in the English
language were included. Subsequently, national representative surveys
(cross-national and longitudinal) consisting of more than 500 samples
from the sampled population (i.e., children and adolescents aged
3-18years) were also included. In this study, we considered children
(i.e., 3-12years) and adolescents (13-18 years of age) as defined by the
US Department of Health and Johns Hopkins Medicine, respectively
(60, 61). In summary, the inclusion criteria for this review study were
PICOS model,
“P”=Population (i.e., children and adolescents aged 3 to 18 years old),

structured in accordance with the where:
“I” =intervention (we do not have intervention in this review study),
“C”=comparator (i.e, high SES and low SES backgrounds),
“O” =Outcome of this study (i.e., health behavior either protecting or
impairing health behaviors), and “S”=study design (i.e., cross-

sectional, longitudinal only).

2.3. Criteria of excluded studies

Based on predefined eligibility criteria, we evaluated the titles and
abstracts of the identified studies. In cases where the studies were
found relevant to our review, we thoroughly assessed the full text.
However, if the studies were not relevant to our study, such as national
income inequalities and health behavior or national per-capita income
inequalities and health behaviors in childhood and adolescence,
we excluded such studies. Additionally, if the study did not meet the
eligibility criteria such as population, comparator, outcome, and study
design, we excluded the paper from this study. For example, review
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articles, pilot studies, reports, dissertations, books, symposia,
supplementary, prospective, or intervention studies, and articles
published in other languages. Articles published before 2000 were also
excluded from this study, primarily because their full-text versions
were not readily accessible. Furthermore, articles with a sample size of
less than 500 were excluded from the analysis. The decision to exclude
studies with a sample size less than 500 was driven by a combination
of methodological constraints. Two articles had sample sizes of 246
and 310, respectively; however, these studies found no association
between SES and health behaviors in adolescents. Therefore,
we decided to exclude them from the final analysis.

2.4. Data extraction

The data extraction was done by two independent reviewers using
a data extraction table. The data extraction was based on the Joanna
Briggs Institute (JBI) checklist (e.g., country, study setting/context,
participant characteristics, outcome measures, and key findings). The
final data extraction was based on the phase two screening of studies
(i.e., 46 studies) by NG following the PRISMA guidelines (57), while
GD, MMR, and RK approved data extraction.

2.5. Quality assessment of study

The Joanna Briggs Institute (JBI) and System for the Unified
Management of the Assessment and Review of Information
(SUMARI) is an appraisal tools assist in evaluation of the
trustworthiness outcomes of the included studies (62-64). For the
cross-sectional studies, JBI SUMARI apprise as follows: (i) inclusion
criteria were clearly defined for the study population; (ii) study subject
and study setting were clearly explained; (iii) exposures were
scientifically measured; (iv) standard criteria and objectives were used
to assess the measurement of the study; (v) confounding factors were
identified; (vi) a strategic plan was developed to address the
confounding factors; (vii) the results of the studies were reliable and
valid; (viii) an appropriate statistical method was used to analyze the
study. On the other hand, cohort studies were evaluated as follows: (i)
the sample was recruited from the study population; (ii) exposures
were measured equally between the exposed and unexposed groups;
(iii) exposures were measured in a valid and reliable way; (iv)
confounding factors were identified; (v) the statistical plan was used
to address the confounding factors; (vi) at the beginning of the study,
the sampled population was free from exposures; (vii) outcomes of the
study were measured in a valid and reliable way; (viii) follow-up time
was sufficiently reported; (ix) follow-up was completed, and if not,
reasons were well explained; (x) plans were explored to address the
issue of those in the sample lost to follow-up; (xi) the standard
statistical method to analyze the study was used. To establish the
credibility of our findings, every included study was apprised using
the JBI SUMARI and provided the score for each study by two
independent reviewers. Studies were included in this review if they
had gained a score of 60 percent or above, while studies with a score
of less than 60 percent were excluded. However, in the context of this
study appraisal, none of the papers met the criteria for a score below
60 percent. As a result, it was not necessary to exclude any studies
through the application of the JBI SUMARI appraisal tools (see
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Supplementary Table S4). In alignment with these principles, our
review study also employed the JBI SUMARI to contribute to the
overall reliability and quality of the review findings (65, 66).
Furthermore, the risk of bias in the included studies was evaluated
using the 10-item grading scale for prevalence studies developed by
Hoy et al. (67). The study methodology, case definition, prevalence
periods, sampling, data collection, reliability, and validity of the
investigations were thoroughly scrutinized. Each study was
categorized as exhibiting either a low risk of bias (shown by affirmative
replies to domain questions) or a high risk of bias (indicated by
negative responses to domain questions). In each study, a binary
scoring system was used to assign a value of 1 (indicating presence) or
0 (indicating absence) to each domain. The cumulative sum of these
domain values was used to derive the overall study quality score. The
assessment of bias risk was performed by calculating the total number
of high-risk biases in each study. Studies were categorized as having a
low risk of bias if they had two or fewer high-risk biases, moderate risk
of bias if they had three or four high-risk biases, and high risk of bias
if they had five or more high-risk biases. To resolve discrepancies
among the reviewers, a consensus-based approach was employed for
the final categorization of the risk of bias (see Supplementary Table S5).

2.6. Outcome measurement of the study

The outcomes of this study were health behaviors, either through
health-protective behaviors (e.g., consumption of fruit and vegetables,
consumption of a healthy diet, physical exercise) or impairing health
behaviors (e.g., smoking, drinking alcohol, high sedentary lifestyle
and illicit drug use), in children and adolescents (68). Childhood and
adolescence are two distinct stages of life that are characterized by
diverse features in the respective age groups (e.g., physical and
psychological) (69, 70). Childhood is a time of rapid and remarkable
development, encompassing significant strides in the physical,
cognitive, social, and emotional dimensions that outpace the progress
seen in other life stages. During this period, children’s innate
intellectual curiosity flourishes, driving them to explore the world
around them and actively engage in interactive experiences (71, 72).
On the other hand, adolescence is widely acknowledged as a
transformative phase known as the “storm and stress” period,
characterized by profound changes in biological, cognitive,
psychosocial, and emotional realms (73). These transformative shifts
often give rise to a range of adjustment challenges, including mood
swings, propensity for risk-taking behaviors, and conflicts with both
parental figures and peers (73). Thus, considering the relationship
between health behaviors in childhood and adolescence is pivotal,
therefore, this review study examined the association between parental
SES and health behaviors in children and adolescents separately.

2.7. Measure of socioeconomic status (SES)

SES is a multidimensional construct and is measured objectively
by income, education, and occupation, or subjectively by prestige,
place of residence, ethnic origin, or religious background, covering
both objective and subjective measures of SES (74-76). The
stratification of SES into subgroups (e.g., low SES and high SES) was
predicted based on goods and materials consumed by the individual
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in a household, including durable goods such as televisions, bicycles,
and vehicles, as well as housing-related attributes such as access to
drinking water, food, bathroom facilities, and agricultural and flooring
materials (77). Households that possessed adequate provision of food,
water, hand-washing materials, agricultural products, fields for
production, and other consumer items for a duration of merely
6months were categorized as having low-income or low- SES
backgrounds. On the other hand, families that possessed an ample
supply of food and other products, including consumer goods, to
sustain themselves for a period of 12 months or more were classified
as affluent or wealthy or high SES backgrounds (77, 78). Based on
previous literature (21, 22, 77, 79, 80), our study defined low SES and
high SES backgrounds and examined the association between SES and
health behaviors in children and adolescents.

3. Results
3.1. Description of the study

In this systematic literature review, 2,391 articles were initially
retrieved, and 585 duplicates were removed before entering the first
phase of screening. A total of 1806 articles were assessed in the first
phase of screening based on their titles and abstracts. Thus, in the first
screening phase, we retained only 146 articles and rejected 1,660
articles. Consequently, in phase two of the screening, we assessed 146
papers based on their full text. Of these, only 46 articles met the
inclusion criteria for further evaluation. Hence, these 46 articles were
eligible in our final review, which is shown in Figure 1.

A total of 46 articles were assessed to examine the association
between SES and health behaviors in childhood and adolescence.
Most of the studies were from Europe (n=36), followed by Asia
(n=9), North America (n=5), and Africa (n=2). There has been a
noticeable increase in studies on SES and health behavior in childhood
and adolescence in the past decade (i.e., 2010 to 2020). From a total of
46 studies, 13 studies (79, 81-92) were published between 2000 to
2010, while 33 studies (25, 47-51, 53, 93-118) were published from
2011 to 2022.

3.2. Parental socioeconomic status and
smoking

3.2.1. Parental socioeconomic status and
smoking among children

From a total of 46 studies, 18 studies (25, 47, 49, 50, 53, 79, 81, 84,
86-88, 93, 96, 97, 104, 105, 107, 109) showed an association between
SES and smoking behavior in children and adolescents. Out of 18
studies, five reported a positive association between low SES and
smoking behavior in children, implying that children with low SES
had a greater risk of exposure to early smoking, and experimenting
with smoking, compared to those who were from a high SES
background (25, 49, 53, 104, 105).

3.2.2. Parental socioeconomic status and
smoking among adolescents

From a total of 18 studies, 12 studies showed a positive association
between low SES and smoking behaviors in adolescents, indicating
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that adolescents with low SES had a higher risk of smoking behaviors
than those with a high SES background (50, 79, 81, 84, 86-88, 93, 96,
97, 107, 109), while one study found a negative association between
low SES and smoking behavior (47). In summary, a majority of 17
studies (94.44%) supported that children (5 studies, 27.77%) and
adolescents (12 studies, 66.66%) from low SES backgrounds were
more likely to be exposed to, have tried, or smoked daily, compared to
those with high SES (see Table 1).

3.3. Parental socioeconomic status and
drinking alcohol

3.3.1. Parental socioeconomic status and drinking
alcohol among children

Out of 46 studies, 18 studies (25, 47, 50, 53, 79, 83-85, 91, 97,
100-102, 104, 105, 107, 108, 115) assessed the association between
SES and drinking alcohol. Of them, seven studies reported a positive
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association between high SES and drinking alcohol in children (25,
53, 83, 102, 104, 105, 115). This implies that younger children from
higher SES backgrounds are more likely to experiment with drinking
alcohol compared with their counterparts. One study found a negative
association between drinking alcohol and high SES (100).

3.3.2. Parental socioeconomic status and drinking
alcohol among adolescents

With regard to SES and drinking alcohol by adolescents, from 18
studies, six reported a negative association between drinking alcohol
and high SES (50, 85, 91, 101, 107, 108). Conversely, three studies
reported a positive association between drinking alcohol and high SES
(47,79, 97). This positive association indicates that adolescents from a
high SES background were found to have a higher chance of drinking
alcohol than their counterparts. Moreover, a study by Richter et al. (84)
reported that adolescents from Western, Northern, Southern (except
Spain), Central and Eastern (except Latvia) Europe, and from a low SES
background, were found to have a lower chance of drinking alcohol
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TABLE 1 Studies examining the association between parental SES and smoking.

Authors

Methodology description

Sample Continent/
size (n) country

Age
range

SES

measure

Method of
analysis

Findings

10.3389/fpubh.2023.1228632

Key strengths and
limitations

Quiality
score
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1 Moore and Cross-sectional, 9,194 Wales 11-16years | SES The mixed- Adolescents from high SES were | High parental SES was linked to 8
Littlecott National effects logistic less likely (OR: 0.88, 95% CI, 0.81 | healthier behaviors in children
(2015) representative regression model | to 0.95) to smoke than those and adolescents. Yet, this cross-

from low SES. sectional study, potential self-
reporting bias, and the lack of
established causation limit
definitive conclusions regarding
the high SES and reduced
adolescent smoking relationship.

2 Liu et al. Cross-national 3,690 China and Finland | 11-15years SES Logistic In China, low SES adolescents Social, economic, and cultural 8
(2016) study regression (boys: OR 2.12, 95% CI 1.49- factors influence smoking

3.01; girls: OR 1.07, 95% CI behaviors among children and
0.64-1.81) were more likely to adolescents. However, this study
ever smoke compared to those used only FAS as the SES

from middle/high SES. measure due to limited common
In Finland, low SES adolescents indicators between Chinese and
(boys: OR 1.17, 95% CI 0.77— Finnish surveys, suggesting a
1.79; girls: OR 1.68, 95% CI need to include perceived family
1.07-2.65) were more likely to wealth for cross-country

smoke weekly than their middle/ | comparisons.

high SES counterparts.

3 Simetin etal. | Cross-sectional, 1,601 Croatia 15years SES Multi-level Adolescents from high SES were | Disposable income, different 8

(2013) national logistic 1.56 times more likely to smoke peer influences, parental
representative regression than those from medium and low | attitudes, and access to resources
SES. are associated with smoking in

adolescents. However, the
association between
socioeconomic factors and risk
behaviors may be influenced by
adolescents’ relative resilience to
socioeconomic inequalities.

4 Levin etal. Cross-sectional, 2,692 Scotland 15years SES The multilevel Low SES adolescents had higher | Lack of educational awareness, 8
(2014) National logistic odds of smoking, current and cultural factors contribute to

representative regression model | smoking, daily smoking (Boys: smoking behaviors. However, a
OR smoking 1.58, 95% CI study has a low sample size for
0.97-2.56; OR current smoking geographic comparison in ever
1.69, 95% CI 0.87-3.29; OR daily | smoking. Therefore, results
smoking 1.82, 95% CI 0.82-4.03; | might not be conclusive.

Girls: OR smoking 1.26, 95% CI
0.97-1.64; OR current smoking
1.63, 95% CI 1.18-2.25; OR daily
smoking 1.56, 95% CI 1.03-2.25)
compared to high SES peers. Low
SES adolescents (boys and girls)
were also more likely to smoke
weekly (OR boys: 1.14, 95% CI
1.00-1.31; OR girls: 1.17, 95% CI
1.02-1.32) than those from high
SES.

5 Richter etal. | Cross-national 97,721 33 countries 13-15years | SES The multilevel Adolescents from low SES Economic stress and parental 8

(2009a) survey consisting of Asia logistic backgrounds had higher weekly | smoking behaviors are more

(n=1), Europe regression model | smoking rates (Boys: OR 1.14, common in low SES

(n=30), and 95% CI 1.00-1.31; Girls: OR 1.17, | backgrounds. However,

North America 95% CI 1.02-1.32) compared to interpreting adolescent

(n=2) their high SES counterparts. behavioral patterns obtained
from self-reports can
be challenging due to the
potential influence of social
desirability bias, especially in the
case of health behaviors like
smoking.

(Continued)

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1228632
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Gautam et al.

TABLE 1 (Continued)

Methodology description

10.3389/fpubh.2023.1228632

Frontiers in Public Health

161

o Key strengths and Quality
Sample Continent/ Age SES Method of Findings limitations score
size (n) country range  measure analysis
6 Doku et al. Longitudinal 96,747 Europe (Finland) | 12-18years | Parental Logistic Adolescents (boys and girls) with | Lower occupations and 8
(2010) occupation, regression fathers in blue-collar occupations | educational levels are often
parental had a higher likelihood of associated with smoking
educational smoking (Boys: OR 1.3,95% CI | behaviors in children and
level 1.2-1.4; Girls: OR 1.4, 95% CI adolescents. However, this study
1.3-1.5). has a higher non-response rate.
Similarly, adolescents (boys and
girls) with lower levels of
maternal education had a higher
chance of smoking (Boys: OR 1.5,
95% CI 1.3-1.6; Girls: OR 1.5,
95% CI 1.4-1.7) compared to
those with high maternal
educational levels.
7 Richter etal. | Cross-national 86,667 Europe (n =26) 13-15years | Parental Logistic European adolescents (from Adolescent smoking behaviors 9
(2009) North America occupation, and | regression ‘West, North, South, Central, and | were largely determined by low
(n=2) SES East regions) with low SES and parental SES backgrounds.
parental occupation were more However, methodological
likely to smoke compared to constraints limit findings.
those with high or middle SES.
Similarly, adolescents in Canada
and the USA with low SES had a
higher likelihood of smoking
than their high or middle-SES
peers, particularly when their
parents had lower occupational
status
8 Poulain, et al. | Longitudinal 992 German 3-18years SES Mixed-effect Children and adolescents aged 10 | Educational influence and role 8
(2019) model to 18 with mothers having higher | models provide their children
education (OR: 0.86, 95% CI with accurate information about
0.74-0.99), higher occupational the health consequences of
status (OR: 0.61, 95% CI 0.47- smoking. However, this study
0.79), and high SES (OR: 0.77, potentially lacks
95% CI 0.58-1.02) had a reduced | representativeness in the
likelihood of smoking compared | distribution of socioeconomic
to their peers. classes which may restrict the
applicability of the study’s results
to the broader population.
9 Melottietal. | Longitudinal 5,699 UK 13years Maternal Multiple logistic | Adolescents with mothers lacking | Limited awareness and education 9
(2011) education and regression model | education, lower social class, or associated with risks associated
parental social low family income had higher with smoking in adolescents.
status odds of ever smoking (OR: 1.14, | However, the study has large
95% CI10.95-1.38; OR: 1.15,95% | missing data which might
CI0.81-1.60; OR: 1.17, 95% CI influence the findings.
0.92-1.48) compared to their
counterparts.
10 Moor et al. Cross-national 52,709 35 countries (33 in | 15years SES Multilevel Adolescents with low parental Social class and peer influence 10
(2015) Europe, North- regression model | SES had a higher risk of smoking | increases the likelihood of
America and compared to those with higher smoking. The study measures
Israel) SES, with more pronounced family SES by material
differences among girls (Boys: consumption. This may lead to
OR 1.14, 95% CI 1.05-1.23; Girls: | the misclassification of parental
OR 1.36, 95% CI 1.26-1.46). social class.
11 Park and Cross-sectional 72,435 South-Korea 13-18years | SES Multivariate Adolescents from low parental Economic instability and 8
Hwang logistic SES had a slightly higher chance | stressful events contribute to an
(2017) regression of smoking (OR: 1.027, 95% CI increased probability of engaging
0.929-1.136) compared to those in smoking behavior. However,
from high parental SES. the study has some
methodological constraints.
(Continued)
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12 Johansen Cross-sectional 3,458 Denmark 14-16years | Maternal GEE logistic Adolescents with unemployed Parental unemployment can 8
et al. (2006) occupation regression mothers had a slightly higher risk | increase the probability of
of daily smoking (OR: 1.10, 95% | smoking in a family, including
CI0.77-1.56) compared to their | their children. However, the
counterparts. study did not provide a clear
pattern of how SES contributes to
smoking.
13 Kislitsyna Cross-sectional 815 Russia 12-17years | SES Logistic Adolescents with lower parental | Higher parental education helps 6
etal. (2010) regression model | SES had higher odds of smoking, | to reduce smoking behaviors in
particularly among girls (Boys: children and adolescents.
OR: 1.31, 95% CI 0.73-2.35; However, this study underreports
Girls: OR: 4.08, 95% CI 1.13- the smoking data and leads to
14.69), compared to those from inconclusive of findings.
higher parental SES.
14 Doku et al. Cross-sectional 1,165 Ghana 13-18years | Parental Logistic Adolescents with low parental Income plays a crucial role in 7
(2010) income and regression income had a higher smoking adjusting the behaviors of
parental risk (OR: 2.2, 95% CI 0.9-5.3) individuals including children
education than those from high parental and adolescents. However, cause
SES. Likewise, those with lower and effect cannot be emphasized
parental education (illiterate) as etiological conclusions.
faced a higher smoking risk (OR:
3.0,95% CI 1.3-7.3) compared to
those with high parental
education (tertiary).
15 Simetin etal. | Cross-sectional. 3,296 Croatia 11-15years | SES Binary logistic Children and adolescents with High social class and prestige 6
(2011) regression high parental SES had a reduced | help to adopt healthy behaviors
smoking likelihood (Children: and reduce the chances of
OR 0.4, 95% CI0.1-1.2; smoking. Self-reporting bias and
Adolescents: OR 0.8, 95% CI lack of causation limit
0.6-1.1) compared to those with | conclusions on the high SES and
low parental SES. smoking relationship.
16 Lazzerietal. | Cross-sectional 3,291 Ttaly 11-15years | Parental Logistic Children and adolescents with High SES contributes to reducing 6
(2014) income regression high parental income had a smoking behaviors in children
reduced smoking likelihood and adolescents. However, this
(Children: OR 0.28, 95% CI study also used the self-reported
0.030-2.40; Adolescents: OR questionnaire, which may
0.92,95% CI 0.50-1.67) introduce inaccuracies that affect
compared to those with low statistical connections.
parental income.
17 Sweeting and | Cross-sectional 2,503 Scotland 13-15years | SES Logistic Adolescents with low parental The pattern of smoking 6
Hunt (2015) regression SES had higher odds of ever behaviors is based on parental
smoking and weekly smoking SES background. However,
(OR ever smoke: 1.27, 95% CI methodological constraints affect
0.91-1.78; OR weekly smoke: the findings of this study.
1.37,95% CI 0.91-2.05)
compared to those with high
parental SES.
18 Pfortner etal. | Cross-national 6,511 Belgium, Canada, | 15years SES Pooled logistic Adolescents from low SEShada | The difference in smoking 8
(2015) survey England, Romania regression higher chance of smoking (OR: prevalence is determined by SES.
models 1.44, OR 95%: CI 1.19-1.83) than | Despite the statistical
those from medium and high significance, this study has effect
SES. sizes that raise doubts about the
significance of these findings.

compared to their counterparts; however, adolescents from Scotland,

Wales, Norway, Finland, Denmark, Greece, Italy, Malta, Hungary,

Russia, and Ukraine were only statistically significant. In summary, out
of 18 studies, children (seven studies, or 38.88%) and adolescents (three
studies, or 16.66%) from a high SES background had a higher chance
of drinking alcohol than those from a low SES background, while six

studies (33.33%) found a negative association between a high SES

background and drinking alcohol in adolescents (Table 2).
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3.4. Parental socioeconomic status and
physical activity (PA)

3.4.1. Parental socioeconomic status and physical
activity (PA) among children

We identified 15 studies (25, 48, 51, 53, 81, 89, 92, 94, 97, 98,
104, 105, 110, 113, 117) that examined the association between
SES and PA. From a total of 15 studies, seven found a positive
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TABLE 2 Studies examining the association between parental SES and alcohol consumption.

Authors

Study
design

Methodology description
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size (n)

country

range

Measure

Method of
analysis

Findings

10.3389/fpubh.2023.1228632

Key strengths and
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1 Moore and Cross-sectional 9,194 Wales 11-16years | SES The mixed-effects | Children and adolescents with Families with higher SES 8
Littlecot (2015) logistic regression | high SES were found to be at a backgrounds provide a suitable
model greater risk of drinking alcohol home environment for drinking
than those who were from low alcohol. However, this cross-
SES. sectional study lacks to
established causal association
between the high SES and lower
teenage smoking association.
2 Simetin et al. Cross-sectional 1,601 Croatia 15years SES Multi-level logistic | Adolescents from high SEShada | Predominantly, higher parental 8
(2013) regression higher chance of drunkenness social status increases the
(OR: 1.446; S.E.: 0.16) compared | probability of drinking alcohol in
to those from low SES. children and adolescents.
However, adolescents’ resilience
to socioeconomic inequalities
may affect the relationship
between socioeconomic
characteristics and risk
behaviors.
3 Richter et al. Cross-national 86,667 Europe (1 =26) 13-15years | SES, parental | Logistic regression | Low SES adolescents in most Interestingly, low parental SES 8
(2009) North America occupation European regions had lower and low level of occupation level
(n=2) alcohol consumption rates, except | enhance the heavy alcohol
in Spain and Latvia. Conversely, drinking problem in adolescents.
low SES North American However, methodological
adolescents, except in Canada, had | constraints limit conclusive
higher alcohol consumption rates. | results.
Adolescents in Southern, Northern,
and Western Europe with low
parental occupation levels showed
less alcohol consumption, except in
Ireland and Wales. In contrast,
adolescents from Central Europe,
Eastern Europe, and North
America (excluding Canada) with
low parental occupation levels had
a higher likelihood of alcohol
consumption compared to high-
occupation level counterparts.
4 Liuetal. (2013) | Cross-national 3,690 China and Finland | 11-5years SES Logistic regression | High SES children and HIGH-SES adolescents are more 8
adolescents were more likely to likely to consume alcohol under
initiate alcohol use at an early age | parental supervision. However,
(Girls: OR 1.55; Boys: OR 1.92) self-reporting questionnaires
compared to their counterparts. | related to alcohol use may
be biased due to social
desirability.
5 Poulain et al. Longitudinal 992 German 3-8years SES, maternal | Mixed-effect Children and adolescents with 'The availability of alcohol at 9
(2019) education, model highly educated mothers (OR: home for various reasons (i.e.,
maternal 1.04, 95% C10.91-1.18) and cultural activities, and
occupation mothers in high-occupational celebrations) increased the
positions (OR: 1.01, 95% CI chance of drinking alcohol.
0.83-1.23) were more likely to However, this study may have
engage in alcohol ption limited rep iveness across
compared to those with lower socioeconomic classes,
maternal education and potentially limiting its broader
occupation levels. applicability.
6 Melotti et al. Longitudinal 5,699 UK 13 years Family Multiple logistic Adolescents with illiterate mothers | Lower literacy levels and 10
(2011) income, regression models | had higher odds of alcohol awareness seem to be effective in
maternal consumption (OR: 1.26,95% CI increasing the consumption of
education, 1.05-1.52) compared to those with | alcohol in adolescents. However,
occupation literate mothers. Similarly, the study exhibits significant gaps
adolescents from lower social class | in data, potentially impacting the
backgrounds also had higher odds | validity and reliability of the
of alcohol consumption (OR: 1.22, | conclusions.
95% CI 0.88-1.71). Conversely,
lower family income was associated
with lower odds of alcohol
consumption (OR: 0.87, 95% CI
0.68-1.11)
(Continued)
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. Key strengths and  Quality
Study Sample Continent/ Age Measure Method of Findings limitations score
design size (n)  country range EREIVSH
7 Richter et al. Cross-national 142,868 28 countries, 11-15years | SES The multivariate Low parental SES was associated | There is a difference in accessing 8
(2006) including United logistic regression | with a reduced risk of the resources. Indicating that
State of America model drunkenness in children and alcohol is expensive, and lower-
adolescents across most income families may prioritize
European countries. However, basic needs over alcohol
boys from low parental purchases. So, adolescents from
occupation levels had a higher low SES backgrounds are less
risk of drunkenness in several likely to consume alcohol than
countries, while girls had a those from high SES
higher risk in most countries backgrounds. However, several
with low parental occupation, methodological aspects limit the
compared to their counterparts explanatory capacity of these
in high parental occupation. results
8 Park and Hwang | Cross-sectional 72,435 South-Korea 13-18years | SES Multivariate Adolescents from low SES The level of health literacy seems 8
(2017) logistic regression | backgrounds had significantly to decline in the consumption of
lower alcohol consumption (OR: | alcohol in individuals. Thus,
0.809, 95% CI 0.782-0.869) adolescents from low SES
compared to their counterparts. | backgrounds had lower levels of
health literacy and were more
prone to consume alcohol
compared with their
counterparts. Nevertheless, there
are certain methodological
limitations in the study
9 Andersen etal. | Cross-sectional 1,302 Denmark 15years Parental Multivariate Adolescents from high parental | Social prestige seems to 8
(2007) social class logistic regression | social class backgrounds were be effective in decreasing the
less likely to consume alcohol consumption of alcohol in
(Boys: OR: 0.53, 95% CI 0.28— adolescents. However, it did not
1.01; Girls: OR: 0.55, 95% CI provide a causal relationship
0.27-1.13) compared to those between SES and drinking
from low parental social class. alcohol behavior.
10 Johansen et al. Cross-sectional 3,458 Denmark 14-16years | Maternal GEE logistic Adolescents with ployed Being loyed often means 6
(2006) occupation regression mothers had a significantly having limited financial
reduced risk of weekly alcohol resources. So, those who were
consumption (OR: 0.48,95% CI | from low SES backgrounds
0.34-0.68) compared to their seemed to consume less alcohol
counterparts. compared with their
counterparts. However, the study
failed to establish a causal
association between SES and
drinking alcohol behavior.
11 Melotti et al. Longitudinal 6,170 United Kingdom 11years Maternal Multivariable Children with mothers who had | Educated individuals may have a 10
(2013) education logistic regression | higher education were less likely | better understanding of the
to start drinking alcohol early potential negative consequences
(OR: 0.91, 95% CI 0.84-0.99) of alcohol consumption at a
compared to their counterparts. | young age. Thus, those
adolescents belonging to high
parental education levels were
found to have low alcohol
consumption in their children.
However, there might be a
chance of reporting bias. So
findings may be inconsistent.
12 Doku et al. Cross-sectional 1,195 Ghana 12-18years | SES Logistic regression | Adolescents with low parental Adolescents have more free time 7
(2012) SES were found to have more and fewer constructive ways to
drunkenness (OR: 2.3, 95% CI, spend it, potentially leading to
1.4-3.9) compared to those with | alcohol use. However, data was
high parental SES. collected using self-report
measures and utilized a cross-
sectional research design. So, it
cannot establish a causal
association and there might be a
chance of biases in the findings.
(Continued)
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. Key strengths and  Quality
Sample Continent/ Age Measure Method of Findings limitations score
size (n)  country range EREIVSH
13 Simetin et al. Cross- 3,296 Croatia 11-15years | SES Binary logistic Children and adolescents with Social opportunities and the 8
(2011) sectional. regression high parental SES were found to | availability of alcohol at home
have a higher chance of seem to increase the chance of
drunkenness (OR: 1.1, 95% CI drinking alcohol in children and
0.7-1.7) compared to those with | adolescents. Self-reporting bias
low parental SES. and lack of causation limit
conclusions on the high SES and
drinking alcohol.
14 Pedroni et al. Cross-sectional 4,364 Belgium 10-14years | SES Pearson’s chi- Children and adolescents from Not all adolescents from low SES 7
(2021) square tests and low parental SES were less likely | backgrounds will abstain from
logistic regression | to have consumed alcohol (Boys: | alcohol, and many factors,
OR 0.56, 95% CI 0.32-0.98; Girls: | including personal choices, peer
OR0.71,95% CI 0.40-1.23) influences, and cultural contexts,
compared to their high SES can influence outcomes.
counterpart However, the findings did not
provide sufficient evidence to
establish a causal relationship.
15 Lazzeri et al. Cross-sectional 3,291 Ttaly 11-115years | SES Logistic regression | Children from households with | High parental income often 6
(2014) high parental income had a provides children with greater
higher likelihood of alcohol financial resources, allowing
consumption (Children: OR 1.27, | them to afford alcohol or attend
95% CI 0.68-2.37) compared to | social events where alcohol is
those from low-income readily available. However, the
households. Conversely, self-reported questionnaire in
adolescents with high parental this study may contain biases that
income had a lower likelihood of | influence the conclusions.
alcohol consumption
(Adolescents: OR 0.71, 95% CI
0.52-0.96) compared to their
low-income counterparts.
16 Sweeting and Cross-sectional 2,503 Scotland 13-15 SES Logistic regression | Adolescents with low parental Maybe some lower-income 9
Hunt (2015) SES were significantly found communities may contribute to a
higher chance of ever drinking higher acceptance of alcohol
alcohol (OR: 1.18,95% CI, consumption, as a social norm or
0.69-2.01) compared to those coping mechanism. However,
with high parental SES. these results were influenced by
potential bias.
17 Pape et al. Cross-sectional 12,966 Norway 14-17years | Parental Poisson regression | Adolescents with low parental Adolescents with low parental 8
(2018) education education were found to have a education may have fewer
higher chance of drinking opportunities for extracurricular
alcohol (RR: 1.42, 95% CI activities. This can lead to more
1.24-1.62) compared to their idle time and an increased
counterparts. likelihood of experimenting with
alcohol. However, the findings
were influenced by the way of
measuring the drinking alcohol
leading to unusual results.
18 Andersen etal. | Longitudinal 729 Denmark 15years SES Multivariate Adolescents from low SES were Adolescents from families with 10
(2008) logistic regression | more likely to drink alcohol low SES face additional stressors
model (Boys: OR: 1.67, 95% CI, 0.76- related to financial instability or
3.65) and (Girls: OR: 1.30, 95% other challenges. So, adolescents
CI, 0.47-3.58) than those from may turn to alcohol as a way to
high SES. cope with these stressors.
However, methodological
constraints might influence the
results of the study.

association between high SES and PA in children (25, 48, 51, 98,
104, 110, 117); however, two reported a negative association
between high SES and PA (53, 105). This negative association
implies that those children from a high SES background had a
lower

3.4.2. Parental socioeconomic status and physical
activity (PA) among adolescents

Five studies found a positive association between high-SES and
physical activity in adolescents (89, 92, 94, 97, 113). These findings
chance of being physically active compared to  implied that the adolescents from high parental SES backgrounds

their counterparts. were more physically active compared to their counterparts, while
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one study found a negative association between high SES and PA
(81). In summary, children from high-SES backgrounds in seven
studies (46.66%) and adolescents in five studies (33.33%) had a
higher chance of being more physically active than those from low-
SES backgrounds (Table 3).

3.5. Parental socioeconomic status and
fruits/vegetables

3.5.1. Parental socioeconomic status and fruits/
vegetables among children

Fourteen studies (48, 53, 79, 81, 82, 84, 89, 90, 95, 99, 106, 110,
111, 118) were identified that examined the association between SES
and fruit and vegetable consumption. Ten of these studies found a
positive link between high SES and children’s consumption of fruits
and vegetables (48, 53, 82, 84, 95, 99, 106, 110, 111, 118), which
implies that children from a high SES background had a higher chance
of consuming high amounts of fruits and vegetables compared to
those from low SES backgrounds.

3.5.2. Parental socioeconomic status and fruits/
vegetables among adolescents

From 14 studies that examined the association between SES
and the consumption of fruits and vegetables, four studies found
a positive association between high SES and the consumption of
fruit and vegetables in adolescents (79, 81, 89, 90). A study by
Vereecken et al. (82) reported that adolescents from Europe
(West, South, North, Central, East), North America, and Asia
with low SES were less likely to consume fruits and vegetables
than those from high-SES backgrounds. Adolescents from low-
SES families in Western Europe, Northern Europe, Southern
Europe, North-Eastern Europe (except Estonia, Hungary, Latvia,
Russia, and Ukraine), North America, and Asia were less likely
to consume vegetables than their counterparts. Overall, high SES
was associated with greater rates of fruit and vegetable
consumption among children (10 studies or 71.42%) and
adolescents (4 studies or 28.57%) compared to low SES (see
Table 4).

3.6. Parental socioeconomic status and
dietary habits

3.6.1. Parental socioeconomic status and dietary
habits among children

A total of 46 studies were included in this review study. Of these,
18 studies (25, 48, 79, 81, 82, 89, 90, 97, 99, 104-106, 111, 112, 114,
116-118) examined the association between SES and healthy diet
habits in childhood and adolescence. Of a total of 18 studies, six
studies revealed a positive association between high SES and healthy
diet habits (e.g., animal products, nutritious food, balanced diet,
breakfast) in children (25, 48, 104, 111, 116, 117). Consequently,
another four studies reported a positive association between high SES
and unhealthy diet (e.g., Biscuits, pastries, irregular breakfast, sweet
foods, and soft drinks) (82, 89, 106, 114), while three studies found a
negative association between high SES and low consumption of
unhealthy dietary foods (99, 105, 118).
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3.6.2. Parental socioeconomic status and dietary
habits among adolescents

Out of 18 studies that examined the association between SES and
dietary habits, five studies reported a positive association between
high SES and consumption of healthy dietary food in adolescents (79,
81,90, 97, 112), implying that adolescents with high parental SES had
a higher probability of consuming a high proportion of dairy products,
a regular breakfast, a healthy or nutritious diet, a balanced diet, and a
low proportion of high-fat diet than those with low SES (see Table 5).
In summary, six (33.33%) and five studies (27.77%) were positively
associated with high SES and healthy dietary habits in childhood and
adolescence, respectively.

3.7. Parental socioeconomic status and
cannabis, marijuana, and illicit drug use by
adolescents

In this literature review, we assessed three studies (47, 101, 103)
out of 46 that examined the relationship between SES and cannabis
use and illicit drugs. Of these, one study reported a negative
association between high SES and cannabis use (47), while another
found a negative relationship between high SES and marijuana
consumption (101). Similarly, two other studies found a negative
association between high SES and illicit drugs used by adolescents
(101, 103). This indicates that adolescents with low SES were found to
consume cannabis, marijuana, and illicit drugs more frequently than
adolescents from high SES backgrounds. In summary, 66.66%, or two
studies, reported a negative association between high SES and illicit
drug used in adolescents (see Table 6).

4. Discussion

Our study produced evidence, mostly from cross-sectional and
longitudinal studies, that consistently demonstrates a strong
relationship between SES and health behaviors. SES plays a major and
well-documented influence in the onset and progression of chronic
diseases in children and adolescents. Lower-income children and
adolescents may have less access to frequent check-ups, preventative
care, and early disease identification, increasing their risk of acquiring
chronic disorders. Furthermore, SES influences the availability and
cost of healthy food. Low-income families may struggle to offer
adequate diets, which can contribute to poor eating habits, obesity,
and linked chronic illnesses such as type 2 diabetes (52, 119, 120).
Childhood and adolescence are regarded as pivotal stages in the
development of life foundations in the general population. Focusing
on younger ages is important because health behaviors can be learned
and consolidated during these ages, affecting an individual’s health for
the rest of their life. Therefore, this review study aims to examine the
association between SES and health behaviors in children
and adolescents.

The findings of this review demonstrate that children and
adolescents from low SES backgrounds are more likely to engaged in
unhealthy behaviors, such as smoking, alcohol consumption, physical
inactivity, poor dietary choices, and drug use, when compared to
their peers from higher SES backgrounds. These disparities in
multiple health behaviors among children and adolescents may
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TABLE 3 Studies examining the association between parental SES and physical activity (PA).

Authors

Sample
size (n)

Methodology description

Continent/
country

Age
range

SES

measure

Method of
analysis

Findings

10.3389/fpubh.2023.1228632

Key strengths and
limitations

Quiality
score
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1 Moore and Cross-sectional 9,194 Wales 11-16years | SES Mixed-effects Adolescents from lower SES Lower SES backgrounds might 8
Littlecott logistic backgrounds exhibited a higher have fewer opportunities for
(2015) regression likelihood of engaging in physical | indoor entertainment or screen
models activity (OR: 1.13, 95% CI 1.08, time due to limited access to
1.18) compared to their peers electronic devices, television, or
from higher SES. gaming consoles. However,
inappropriate measures of the data
and methodological constraints
make inconclusive statements
about the relationship between
high SES and physical activity.
2 Hankonen Cross-sectional 659 Finland 16-19years | SES COM-B model Adolescents with a lower SES were | Financial instability or housing 8
etal. (2017) observed to face an elevated risk of | insecurity can contribute to
physical inactivity in comparison | increased sedentary behaviors and
to their counterparts with a higher | decreased motivation for physical
SES. activity. However, the utilization of
self-report measures to assess
behavior, abilities, and
environmental factors is
susceptible to bias.
3 Richter etal. | Cross-national 97,721 Europe (1 =30), 13-15years | SES The multilevel Adolescents with a lower SES Lower SES backgrounds might 8
(2009a) survey Asia (n =1), North logistic demonstrated a significantly be more likely to walk or bike to
America (n =2) regression model | higher likelihood of engaging in school or other destinations due to
physical activity when compared limited access to private
to their peers from higher SES transportation, thereby increasing
backgrounds, with odds ratios of their overall physical activity
(OR: 1.34,95% CI, 1.26-1.43) for | levels. However, the findings were
boys and (OR: 1.57,95% CI, influenced by the way physical
1.45-1.71) for girls. activity is measured or reported
leading to unusual results.
4 Yannakoulia | Cross-sectional, 11,717 Greece 3-18years SES Classification— Children and adolescents from Higher SES communities may 8
etal. (2016) | National regression tree higher SES backgrounds tended to | have better access to sports
representative analysis (CART) | dedicate more time to sports facilities, parks, and recreation
model. activities, with children spending | programs, creating a supportive
an average of 3.3h (SD 1.9) environment for sports
compared to 2.7h (SD 2.4) per participation. However, a low
week, and adolescents engaging response rate might distort the
for an average of 4.5h (SD 3.2) findings
versus 3.1h (SD 3.0) per week for
those from lower SES.
5 Poulain etal. | Longitudinal 2,492 German 3-18years SES Mixed-effect Adolescents with mothers having | Families may place a stronger 9
(2019) model higher SES had greater odds of emphasis on physical fitness and
being physically active (OR: 1.83, | active lifestyles. However, this
95% CI: 1.45-2.31) than those study may have limited
with lower SES. representativeness across
Similarly, children with higher SES | socioeconomic classes, potentially
(OR: 1.42, 95% CI: 1.14-1.77) limiting its broader applicability.
were more engaged in physical
activities than those with lower
SES.
6 Yang (2021) Cross-sectional 1,040 South Korea 10-11years | SES Multiple linear Children from higher parental SES | Parenting role modeling may serve 8
regression model | engaged in more weekly physical | as positive role models for their
activity (p: 0.08, p <0.05) than children. However, this study
those from lower parental SES limits the causal inferences.
7 Krist et al. Cross-sectional 1,523 Germany 12-13years | SES A generalized Children and adolescents from Lack of role models may be fewer 8
(2017) linear mixed low parental SES had lower odds visible role models who prioritize
model with a of physical activity (OR low: 0.90, | and engage in physical activity.
logit 95% CI: 0.63-1.29) than those However, due to the structure of
from high parental SES the questionnaire, the findings
were overestimated.
8 Park and Cross-sectional 72,435 South-Korea 13 to SES Multivariate Adolescents with low parental SES | financial instability can contribute 8
Hwang. 18 years logistic had a higher risk of no physical to increased sedentary behaviors
(2017) regression activity (OR: 1.425, 95% CI: and decreased motivation for
1.336-1.521) than those with high | physical activity. Nevertheless,
parental SES there are certain methodological
limitations in the study
(Continued)
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TABLE 3 (Continued)

Methodology description
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o Key strengths and Quality
Sample Continent/ Age SES Method of Findings limitations score
size (n) country range  measure analysis
9 Henriksen Cross-sectional 6,269 Denmark 11-15years | Parental social | Logistic Children and adolescents from Time Constraints which can limit 6
etal. (2016) class regression low parental social class face a the time available for physical
higher risk of physical inactivity activities. However, this
(OR: 2.10, 95% CI: 1.39-3.18) phenomenon is not conducive to
than those from high parental casual interpretations.
social class.
10 de Buhrand | Cross-sectional 4,294 German 6-13 years SES Spearman’s Rho | Children from higher parental SES = Education and awareness seem to 8
Tannen correlations were more physically active (r: a protective factor and make them
(2020) 0.079, 95% CI: 0.025-0.132) than | more physically active. However,
those from lower parental SES. interpreting adolescent PA
patterns obtained from self-
reports can be challenging due to
the potential influence of social
desirability bias.
11 Pavon et al. Cross-sectional 3,259 Nine European 12-17years | SES One-way analysis | Adolescents with high parental Access to resources appears to 6
(2010) countries (Sweden, of covariance SES exhibited significantly better have a positive impact on
Greece, Italy, physical fitness (p<0.05) than promoting physical activity.
Spain, Hungary, those with low parental SES. However, methodological issues
Belgium, France, might to a risk of inconclusive
Germany, and findings.
Austria)
12 Falese et al. Cross-sectional 10,510 Six European cities | 14-17years | Parental The multilevel Adolescents with higher parental | Awareness and knowledge lead 8
(2021) (Namur, Tampere, income and multivariable education levels were more likely | them to encourage themselves to
Hannover, Latina, parental linear regression | to engage in more vigorous be physically active. However, Self-
Amersfoort, and education model physical activity (OR: 2.7, 95% CI: | reported measures of physical
Coimbra). 0.3-5.1), and those with higher activity intensity may lead to
parental income had increased either overestimation or
physical activity (OR: 4.7, 95% CI: | underestimation
2.8-6.6) compared to their
counterparts.
13 Simetin etal. | Cross-sectional 3,296 Croatia 11-15years | SES Binary logistic Children and adolescents with Access to resources and facilities 6
(2011) regression high parental SES had greater increases the likelihood of physical
odds of engaging in physical activity. However, self-reporting
activity (OR children: 1.8,95% CI: | bias and lack of causation limit
1.3-2.5; OR adolescents: 1.3,95% | conclusions on the high SES and
CI: 0.9-1.8) than those with low PA.
parental SES
14 Al Sabbah Cross-sectional 8,885 Palestine 12-18years | Maternal Logistic Adolescents with high maternal Health literacy encourages them 6
etal. (2007) education regression education were more likely to to promote physical activity for a
engage in more physical activities | healthy lifestyle. Nevertheless,
(OR: 1.26, 95% CI: 1.09-1.46) self-reported measurements of
than those with low maternal physical activity might result in
education. either an overestimation or
underestimation.
15 Lazzerietal. | Cross-sectional 3,291 Ttaly 11-15years | Parental Logistic Children and adolescents with Access to digital devices and 6
(2014) income regression high parental income were more entertainment options that can
likely to fall short of physical potentially reduce physical activity
activity guidelines (OR children: levels. However, the finding may
1.30, 95% CI: 0.48-3.55; OR be influenced by measurement
adolescents: 5.0, 95% CI: 0.66— errors in physical activity data
37.6) compared to those with low
parental income

be possibly due to low parental SES, which limits access to healthy
food, physical activity, and health education. Lower parental SES also
correlates with low health literacy, which may lead to a lack of
awareness about the importance of healthy behaviors. These findings
align with existing literature, highlighting the impact of economic
constraints in low-SES households, hindering access to health-
promoting resources. Limited financial resources often result in
inadequate nutrition, reduced physical activity opportunities, and
lower educational attainment, contributing to reduced health
awareness (120-124). This knowledge and resource gap influences
healthy behaviors in individuals, children, and adolescents. As a
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result, it is critical to emphasize the need for tailored interventions
for disadvantaged children and adolescents.

In the context of SES and smoking behavior among children and
adolescents, the results of this review study reported that children and
adolescents with low parental SES backgrounds had heightened
vulnerability to early exposure to smoking during childhood and early
initiation of smoking during adolescence. This susceptibility may
be attributed to a confluence of factors, including pervasive tobacco
advertising, normalization of smoking within their social
environments, easy access to cigarettes, limited social support for
smoking cessation, heightened nicotine dependence, and the burden
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TABLE 4 Studies examining the association between SES and fruits and vegetables consumption.

Methodology description

SN  Authors

Sample Continent/ Age

size (n) country range

SES
measure

Method of
analysis

Findings

10.3389/fpubh.2023.1228632

Key strengths and
limitations

Quiality
score

Frontiers in Public Health

169

1 Mikki et al. Cross-sectional 2,952 Palestine 13-15years | Parental The multivariate | Adolescents with high parental Healthy eating habits are more 8
(2010) survey education linear regression | education consumed fruits and prone in highly educated families
model vegetables more frequently (6.3 which can influence their
times per week) than those with children’s healthy dietary choices.
low parental education. One potential constraint of this
study is the utilization of self-
reported responses, which has the
potential to impact both the
validity and reliability of the
findings.
2 Moore and Cross-sectional 9,194 Wales 11-16years | SES Mixed-effects Children and adolescents with low | Food insecurity can result in less 8
Littlecott logistic SES had a lower likelihood (OR: frequent consumption of fruits and
(2015) regression 1.15,95% CI: 1.10-1.20) of vegetables. However, this cross-
models consuming fruits and vegetables sectional study lacks to established
compared to those from high SES. | causal association between high
SES and the consumption of fruits
and vegetables.
3 Yannakoulia Cross- 11,717 Greece 3-18years SES Classification— Children and adolescents from low Limited financial resources can 8
etal. (2016) sectional, tree SES ¢ d fewer fruits (31.2and | make it difficult to afford fresh
National analysis (CART) | 25.3%, respectively) and vegetables | fruits and vegetables regularly.
representative model (56.7 and 55.5%, respectively) than | However, a low response rate
those from high SES. might distort the findings
4 Richter et al. Cross-national 97,721 Europe (1 =30), 13-15years | SES The multilevel Adolescents with low SES had Affordable food sources limit 8
(2009a) survey Asia (n=1), North logistic lower odds of consuming fruits access to these nutritious options.
America (n=2) model | and bles (OR boys: 0.61, However, self-reported adolescent
95% CI: 0.54-0.70; OR girls: 0.78, | behavioral patterns can make it
95% CI: 0.73-0.84) than those difficult to estimate the inclusive
with high SES. results.
5 Richter etal. | Cross-national 86,667 Europe (n =26) 11-15years | SES Logistic Children and adolescents from SES disparities exist in many 8
(2009) survey North America regression various regions, including regions that can limit their ability
(n=2) Southern, Northern, Western, to access and afford fresh
Eastern, Central Europe, Northern | vegetables. However,
America (USA and Canada), and methodological constraints limit
Asia (Israel), had a lower findings.
likelihood of consuming
vegetables if they were from low
SES compared to high SES
6 Svastisalee Cross-sectional 6,034 Denmark 11-15years | Parental The multilevel Children and adolescents from Higher social classes may be part 8
etal. (2012) occupation logistic higher parental social class had a of social circles that emphasize
regression model | higher likelihood of consuming fruits and vegetables. Due to the
fruits (OR: 1.46, 95% CI: 1.24- nature of the data, this study is
1.71) and vegetables (OR: 1.86, unable to draw a causality between
95% CI: 1.58-2.19) compared to SES and consumption of fruit and
those from lower social class vegetables.
7 Vereecke Cross-national 114,558 28 European 11-15years | SES, parental Multiple Children and adolescents from high | Healthy lifestyle prioritization 6
etal. (2005) countries occupation regression model | parental SES had a higher contributes to daily fruit
likelihood of daily fruit consumption. However, due to the
consumption (OR: 1.530, 95% CI: poor classification of data
1.479-1.581) compared to those measurement draws a poor
from low SES. Similarly, adolescents | conclusion.
from high parental occupation
levels had a higher likelihood of
daily fruit consumption (OR: 1.186,
95% CI: 1.148-1.227) compared to
their peers.
8 Zaborskis Cross-national 192,755 42 countries 11-15years | SES Logistic Adolescents with low parental SES | Access to affordable food and 7
etal. (2021) including 40 regression model | were less likely to consume daily nutritional knowledge
countries from and structural fruits (OR: 0.51; 95% CI: 0.49— incorporated into diets. However,
Europe, Canada, equation model 0.53), vegetables (OR: 0.58; 95% the findings are concerned with
and Israel CI: 0.56-0.60), and sweets (OR: potential bias.
0.94; 95% CI: 0.90-0.97) than
those with higher parental SES.
9 Voracova Cross-sectional 10,831 Czech republic 11-15years | SES Logistic Children and adolescents from Food accessibility seems to 8
etal. (2016) regression higher parental SES backgrounds | increase the consumption of fruits
had higher odds of daily fruit (OR: | and vegetables. However, eating
1.67, 95% CI: 1.34-2.08) and habits as reported may have been
vegetable consumption (OR: 1.54, | influenced by social desirability
95% CI: 1.22-2.00) compared to
those from lower SES.
(Continued)
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10 deBuhrand | Cross-sectional 4,294 German 6-13years | SES Spearman’s Rho | Children from higher parental SES | Financial resources, nutritional 8
Tannen correlations consumed more vegetables and knowledge, and healthy lifestyle
(2020) salad (r: 0.100, 95% CI: 0.047— prioritization contribute to
0.153) and fruits (r: 0.086, 95% CI: | increased consumption of healthy
0.032-0.139) than those from food. However, it does not explain
lower SES. whether SES influences dietary
choices or if dietary choices
influence SES
11 Johansen Cross-sectional 3,458 Denmark 14-16years | Maternal GEE logistic Adolescents with high maternal High-occupation may cultivate a 6
et al. (2006) occupation regression occupation significantly consumed | health-conscious environment that
more fruits and vegetables (OR: encourages the consumption of
1.65, 95% CI: 1.15-2.36) compared | fruits and vegetables. However, the
to their peers. study failed to establish a causal
association between SES and
healthy food behavior.
12 Nardone etal. | Cross-sectional 58,976 Ttaly 11-15years | Parental Logistic Children and adolescents with Health-conscious behavior may 6
(2020) income and regression high parental education were more | prioritize providing nutritious
parental likely to consume fruits and foods. The poor study setting did
education vegetables (OR: 0.54, 95% CI: not provide a valid conclusion.
0.48-0.61), as were those with
high parental income (OR: 0.70,
95% CI: 0.64-0.77) compared to
their counterparts with lower
education and income.
13 Al Sabbah Cross-sectional 8,885 Palestine 12-18years | Maternal Logistic Adolescents with high maternal Nutritional information associated 6
etal. (2007) education regression education were more likely to with consuming fruits and
consume more fruits (OR: 1.35, vegetables. Nevertheless, self-
95% CI: 1.19-1.53) and vegetables | reported measurements might
(OR: 1.10, 95% CI: 0.98-1.24) result in either an overestimation
compared to those with low or underestimation of the findings.
maternal education.
14 Zaborskis Cross-sectional 33,230 Lithuania 11-15years | Parental Binary logistic Adolescents with high parental Families with higher incomes 8
etal. (2012) income regression income were more likely to often have better access to fresh
consume fruits daily (OR: 2.15, fruits and vegetables on a daily
95% CI: 1.86-2.49) and vegetables | basis. However, it is hard to make
(OR: 1.12,95% CI: 0.97-1.28) causality inferences due to the
compared to those with low study design.
parental income.

of stressful life circumstances. These findings substantiate the existing
body of literature, which consistently demonstrates an elevated
prevalence of smoking within lower SES strata, often attributed to
factors such as a paucity of robust social support networks and the
presence of stress-inducing lifestyles. Furthermore, children from low
SES backgrounds are approximately 6.6 times more likely to
be exposed to secondhand smoke within their parental residences
compared to their counterparts in high- SES households (125-127).
This discrepancy underscores the urgent need for targeted
interventions to mitigate the adverse consequences of smoking in
vulnerable populations, particularly during the critical period of life.

On the other hand, alcohol consumption was significantly higher
among adolescents with high SES. These findings align with those of
previous research, reinforcing the robust association between SES and
adolescent alcohol consumption. Specifically, adolescents from high
parental SES backgrounds exhibit increased odds of alcohol use
(OR=1.4, 95% CI=1.19-1.78) (128). Recent research by Torchyan
et al. (129) further substantiates this phenomenon, indicating a
heightened likelihood of weekly alcohol consumption (OR=1.24, 95%
CI=1.16-1.32) among high-SES adolescents when compared to their
counterparts (129). This persistent pattern has been confirmed in
other studies, indicating that high-SES adolescents are more likely to
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consume alcohol under parental supervision than their counterparts,
(130). This could be explained through social and cultural activities
(business meetings, and, party celebrations), the availability of alcohol
at home, and the availability of pocket money to purchase alcohol
(131). This review underlines early alcohol initiation among children
with high SES, which is often influenced by parental drinking behavior
(132). Thus, parental discretion in alcohol consumption around
children is pivotal in preventing negative alcohol-related behavior
(133). Therefore, this study suggests that parents should take care
while drinking alcohol in front of their children to prevent them from
developing bad alcohol-related behavior.

In addition, our review study found that children and
adolescents with high SES were more likely to be engaged in
physical exercise. These findings are consistent with previous
studies and led to the conclusion that parental SES (OR=2.73,
95% CI=2.18, 3.42) were significantly (p <0.05) associated with
participation in indoor and outdoor physical activities by
children and adolescents (134, 135). If parents had a good family
income, there would be a higher chance of availability of goods
and material resources at home (136). This availability of
materials would make it possible to be more engaged in physical
activity rather than spending more time watching television or
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TABLE 5 Studies examining the association between parental SES and diet habits.

SN Authors

Sample
size (n)

Continent/
country

Age
range

Methodology description

SES
measure

Method of
analysis

Findings

10.3389/fpubh.2023.1228632

Key strengths and
limitations

Quality
score
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1 Mikki et al. Cross- 2,952 Palestine 13- Parental The multivariate | Adolescents with higher parental Awareness of health risks associated 8
(2010) sectional 15years education linear regression | education were more likely to have | with poor dietary choices. This
survey model a healthier dietary pattern awareness can motivate them to
compared to those with lower emphasize healthy eating in their
parental education households. One potential
constraint of this study is the
utilization of self-reported
responses, which has the potential
to impact both the validity and
reliability of the findings.
2 Yannakoulia | Cross- 11,717 Greece 3-18years | SES Classification— Children and adolescents from low | Lower-educated parents may have 8
etal. (2016) sectional, regression tree SES backgrounds had lower less knowledge about the
National analysis (CART) | consumption of dairy products and | nutritional benefits. So, they may
representative model daily breakfast than those from not prioritize healthy foods in their
high SES backgrounds. Similarly, children’s diets. However, self-
low SES adolescents had lower reported adolescent behavioral
consumption of dairy products and | patterns can make it difficult to
daily breakfast than their high SES | estimate the inclusive results.
peers.
3 Richter et al. Cross- 97,721 Europe (n =30), 13- SES ‘The multilevel Adolescents with low SES had a Economic constraints limit their 8
(2009a) national Asia (n=1), North | 15years logistic reduced likelihood of consuming access to a variety of nutritious
survey America (n =2) regression model | breakfast (OR boys: 0.75, 95% CI: breakfast options. However, the
0.66-0.86; OR girls: 0.83, 95% CI: findings were influenced by the way
0.75-0.93) compared to those with | physical activity is measured or
high SES reported leading to unusual results.
4 Poulain etal. | Longitudinal 1,223 German 3-18years | SES Mixed-effect Children (f: 0.05, 95% CI —0.03 to | Education and nutrition knowledge 9
(2019) models 0.13) and adolescents (B: 0.10,95% | emphasize the importance of fruits,
CI: 0.01-0.18) in higher-SES were | vegetables, and other healthy food
more likely to consume nutritious | items. However, this study may
food compared to those in lower- have limited representativeness
SES families across socioeconomic classes,
potentially limiting its broader
applicability.
5 Vereecke etal. | Cross- 114,558 28 European 11- SES Multiple Children and adolescents with high | Higher disposable may have greater 6
(2005) national countries 15years regression model | SES were more likely to consumea | purchasing power for non-essential
higher number of soft drinks (OR: | items. Due to the poor classification
1.257,95% CI: 1.211-1.305) of data measurement draws a poor
compared to their peers. conclusion.
6 Sinai et al. Cross- 3,902 Isreal 11- SES Multiple Adolescents with higher SEShada | Access to resources and health 8
(2021) sectional 18 years regression model | higher consumption of plant-based | consciousness make easier for
foods, cereals, milk, and spreads people from high SES backgrounds
(OR Plant-based food: 1.50, 95% to incorporate these foods into
CI: 1.23-1.82, OR Cereals and their diets. However, self-reported
milk: 1.10, 95% CI: 0.91-1.33) information could influence the
compared to those with lower SES. | results.
7 Yang (2021) Longitudinal 1,040 South Korea 10— SES Multiple linear Children from higher parental SES | Parents prioritize healthy eating 10
11years regression model | levels were more likely to consume | behaviors which are more likely to
healthy food (=0.07, p =0.018) adopt similar habits to their
compared to their peers. children. However, this study limits
the causal inferences
8 Esquius etal. | Cross- 7,319 Spain 12— SES Multilevel Adolescents with low SES were ata | Time and routine constraints can 8
(2021) sectional 18 years Poisson higher risk of skipping breakfast make it difficult to prioritize
regression (PR boys: 1.28, 95% CI: 1.04-1.58; | breakfast. Self-reported adolescent
models PR girls: 1.30, 95% CI: 1.12-1.52) diet patterns can be difficult to assess
compared to their peers because of social desirability bias.
9 Park and Cross- 72,435 South-Korea 13- SES Multivariate The odds of skipping breakfast were | Food insecurity can result in 8
Hwang (2017) | sectional 18 years logistic significantly higher (OR: 1.433, irregular meal patterns, including
regression 95% CI: 1.347-1.523) for breakfast-skipping. Nevertheless,
adolescents with low parental SES there are certain methodological
compared to those with high limitations in the study
parental SES.
10 Vorédcova Cross- 10,831 Czech Republic 11- SES Logistic Children and adolescents from Parental monitoring can lead to 8
etal. (2016) sectional 15years regression higher parental SES backgrounds healthier food choices for their
had lower odds of consuming sweets | children. However, eating habits as
(OR: 0.79, 95% CI: 0.69-0.90) and reported may have been influenced
soft drinks (OR: 0.41, 95% CI: by social desirability bias.
0.31-0.53) compared to their peers.
(Continued)
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TABLE 5 (Continued)

Methodology description

10.3389/fpubh.2023.1228632

. Key strengths and Quality
Sample Continent/ Age  SES Method of Findings limitations score
size (n)  country range measure analysis
11 Johansen Cross- 3,458 Denmark 14- Maternal GEE logistic Adolescents with unemployed Unemployment can lead to food 6
etal. (2006) sectional 16 years occupation regression mothers had significantly higher insecurity in the household. In such
odds of irregular breakfast cases, adolescents may skip meals,
consumption (OR: 1.56, 95% CI: including breakfast. However, the
1.06-2.29) compared to their peers. | study did not provide a clear
pattern of how SES contributes to
eating a healthy diet.
12 Morgan etal. | Longitudinal 176,094 Wales 11- SES Multinomial Children and adolescents with low | Low SES neighborhoods may have 8
(2021) 16 years logistic SES had a lower likelihood of daily | limited access to stores that offer
regression sugar-sweet beverage consumption | soft drink beverage options.
(RRR: 0.68, 95% CI: 0.66-0.70) and | Methodological constraints affect
lower consumption of energy the findings of this study.
drinks (RRR: 0.67, 95% CI: 0.63-
0.70) compared to those with high
SES.
13 Nardone etal. | Cross- 58,976 Ttaly 11- Parental Logistic Children and adolescents with Health consciousness can provide 6
(2020) sectional 15years income and regression higher parental education were less | guidance on healthy eating habits,
parental likely to skip breakfast (OR: 0.75, including breakfast. The poor study
education 95% CI: 0.67-0.84), as were those setting did not provide a valid
with higher parental income (OR: | conclusion.
0.84, 95% CI: 0.76-0.92).
14 Simetin etal. | Cross- 3,296 Croatia 11- SES Binary logistic Children from high parental SES Higher resources and knowledge 6
(2011) sectional 15years regression backgrounds had a higher emphasis on regular breakfast
likelihood of cc ing regular ption. However, self-
breakfast (OR: 1.3, 95% CI: 1-1.8) | reporting bias and lack of causation
compared to those from low limit conclusions on the high SES
parental SES. and consumption of diet.
15 Al Sabbah Cross- 8,885 Palestine 12- Maternal Logistic Adolescents with higher maternal Consumption of sweets and soft 6
etal. (2007) sectional 18 years education regression education were more likely to drinks can be influenced by cultural
consume sweets (OR: 1.15,95% CI: | and social norms. Nevertheless,
1.01-1.30) and soft drinks (OR: self-reported measurements might
1.28,95% CI: 1.11-1.48) compared | result in either an overestimation or
to those with low maternal underestimation of the findings.
education.
16 Lazzerietal. | Cross- 3,291 Ttaly 11- Parental Logistic Children and adolescents with high | Parents from high SES backgrounds 6
(2014) sectional 15years income regression parental income were more likely to | may have demanding jobs or work
have irregular breakfast long hours, which can affect the
consumption (OR children: 1.12, time allocated for breakfast
95% CI: 0.60-2.09; OR adolescents: | preparation and consumption.
1.80, 95% CI: 0.98-3.31) compared = However, the finding may
to those with low parental income. | be influenced by measurement
errors.
17 Zaborskis Cross- 33,230 Lithuania 11- Parental Binary logistic Children and adolescents with high | Accessibility and parental time 8
etal. (2012) sectional 15years income regression parental income were more likely to | constraints can lead to an increase
regularly consume sweets and in the consumption of fast food
chocolates, regularly drink soft including chocolates, soft drinks,
drinks, and regularly consume biscuits, and pastries. However, it is
biscuits and pastries (OR for sweets | hard to make causality inferences
and chocolates: 1.48, 95% CI: due to the study design.
1.31-1.68; OR for soft drinks: 1.39,
95% CI: 1.21-1.60; OR for biscuits
and pastries: 1.38, 95% CI: 1.17-
1.63) compared to those with low
parental income
18 Zaborskis Cross- 192,755 42 countries 11- SES Logistic Children and adolescents from low | Soft drinks are often more 7
etal. (2021) national including 40 15years regression model | parental SES were more likely to affordable than healthier beverage
countries from and structural consume more soft drinks (OR: options. However, the findings are
Europe, Canada, equation model 1.25;95% CI: 1.20, 1.30) than those | concerned with potential bias.
and Israel from higher parental SES.

children and adolescents (113, 138, 139). Moreover, there was
ample evidence to suggest that more children and adolescents

being inactive (137). However, children and adolescents from
lower parental SES backgrounds were found to participate less
often in physical activity but were more often involved in  from deprived SES were more likely to spend more time inside
sedentary behaviors. Previous studies have found that poor the home due to a lack of a secure neighborhood, lack of green
parental SES backgrounds were significantly associated with poor  areas for sports and recreational activities, and the cost associated

physical activity, high sedentary activity, and high screen time in ~ with physical activity (140, 141).
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TABLE 6 Studies examining the association between SES and cannabis, and illicit drug use.

10.3389/fpubh.2023.1228632

Methodology description
SN Authors S : Findings Leyareiglisaad | Gl
ample Continent/ Age  SES 9 limitations score
size (n) country range measure ISR B E)
1 Simetin Cross- 1,601 Croatia 15years SES Multi-level logistic Adolescents from high SES High-SES adolescents have 8
etal. (2013) | sectional regression backgrounds had a higher more disposable income,
likelihood of cannabis making cannabis and other
consumption (OR: 1.49; SE: drugs easier to afford.
0.22) compared to those from However, the association
low SES. between socioeconomic
factors and risk behaviors
may be influenced by
adolescents’ relative resilience
to socioeconomic inequalities
2 Dokuetal. | Cross- 1,195 Ghana 12— SES Logistic regression Adolescents from low parental | Economic pressures can 7
(2012) sectional 18 years SES were more likely to use increase teenage stress and
marijuana (OR: 12.4,95% CI: | anxiety. They may be more
3.7-41.0) and illicit drugs (OR: | tempted to utilize drugs.
15.9, 95% CI: 3.7-67.8) than However, data was collected
those from high parental SES. | using self-report measures
and utilized a cross-sectional
research design. So, it cannot
establish a causal association
and there might be a chance
of biases in the findings.
3 Leeetal. Longitudinal 3,395 USA 12— Parental Adolescents with lower Inequality in information and 9
(2018) 16years | education parental education were more | peer pressure enhance illicit
likely to use illicit drugs (: drug use. However, the
0.08, 95% CI: 0.004-0.158) findings were distorted due
compared to those with higher | to the measurement bias.
parental education

In relation to SES and diet (e.g., dairy products, fruit, vegetables,
breakfast, soft drinks, and high-fat diet), we found that higher SES was
positively associated with the consumption of breakfast, dairy
products, fruit, vegetables, and a balanced diet, but negatively
associated with consumption of sugar, sugar items, high- fat diet, and
soft drinks. The findings of this review study are consistent with those
of other studies that show that parental SES has a strong influence on
children’s diet (142). These findings show that children and adolescents
from high-SES families consume a healthy proportion of calories
(p=1.86, SE=0.76) rather than high-energy foods (143). Children and
adolescents from low-SES families may have few food options and may
even face food insecurity and scarcity at home (144). Therefore, low
parental SES may lead to low price food, high-fat diet, high- salt food,
energy-dense food, and low intake of regular breakfast, dairy products,
fruits, and vegetables during childhood and adolescence (144-147).

Moreover, in the context of SES and cannabis and illicit drug abuse
in adolescents, there was a correlation between the consumption of
cannabis and illicit drug abuse and low parental SES, poor schooling,
unsafe neighborhoods, and stressful daily life events. Thus, it is
important to consider how parental SES particularly affects an
adolescent’s health behaviors. This review study revealed that 66.66%
of the adolescents had consumed illicit drugs. These conditions increase
the risk of physical, psychological, social, and emotional competence
in adolescents. These findings could help to provide information about
how low parental SES affects children and adolescents, and thus
motivate authorities to carry out preventative activities and appropriate
rules, regulations, and policies to promote healthy lifestyles in children
and adolescents (148). Overall, risky health behaviors were found to
be a major concern, particularly in children and adolescents with low
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parental SES. These conditions may increase the risk of poor health and
development in childhood and adolescence. Therefore, to control these
issues, an appropriate strategy helps to protect and prevent risky health
behaviors in children and adolescents and gives them equal rights,
services, and facilities to fight against inequalities. Hence, this study
indicated that parental SES play a significant role in developing social
and emotional competence and positive health outcomes in children
and adolescents. Therefore, authorities and government bodies should
pay more attention to the health and health behaviors of every
individual, including children and adolescents, and provide support to
children and adolescents, especially those with low parental SES.

5. Strength and limitations

This study comprehensively examined the association between SES
and health behaviors, including protecting and impairing health
behaviors in children and adolescents across the world. Moreover, this
study used multiple databases and followed a structural research
process that provided transparent, unbiased, and reliable information
on SES and health behaviors. In summary, this study’s strengths lie in
its comprehensive approach, use of multiple databases, adherence to a
structured research process, and commitment to providing unbiased
information. However, this study had certain limitations. The
heterogeneity of the studies makes Meta-Analysis not possible. Another
limitation is no risk of bias and no registration in “PROSPERO,” was
remedied by that two researchers have independently assessed each
article, and that a Quality Score was provided (Supplementary Table 54)
as well as a “PRISMA” approach (Supplementary Table S3).
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6. Conclusion

The current study revealed a robust association between low
parental SES and a myriad of unhealthy behaviors (high smoking
behavior, low physical exercise, illicit drug use, low consumption
of fruit and vegetables, and unhealthy diet) in children and
adolescents. However, alcohol consumption was more common
in adolescents with a high parental SES. Based on these significant
findings, this study underscores the urgent need for an
appropriate intervention program that caters to the unique needs
of children and
implementing measures such as free all-day schools with

adolescents from low-SES families. By

complementary meals, free after-school activities, and supervised
homework sessions, we can bridge the gaps in opportunities,
capabilities, and productivity, thereby fostering healthier and
more promising futures for these individuals.
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Jiahui Hu'', Shudan Zhang'?!, Weibing Ye?, Yuanye Zhu?,
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Purpose: This study investigated the influence of parenting and grandparenting
caregiving styles on fundamental motor skills (FMS) of preschool children.

Method: A total of 1,326 preschool children (698 boys, 628 girls) aged 4—6 years
were recruited from the kindergartens of Jinhua City, China. Locomotor skills
(LM), ball skills (BS), and total fundamental movement skills (TS) of children were
assessed by the Test of Gross Motor Development-3rd edition (TGMD-3).

Results: There were 978 children in parenting and 348 children in grandparenting
caregiving styles. The LM, BS and TS scores of children were considerably (p <
0.001) increased with age (irrespective of sex or caregiving style). For the sex
comparisons, BS scores of boys were significantly higher than girls (p < 0.001),
while LM and TS scores were not different between boys and girls. For the
caregiving style comparison, parenting is superior to grandparenting in developing
of children’s FMS. Parenting boys of 4-, 5-, and 6-years old showed better
BS compared to age-matched parenting girls, whereas boys of 5-years old in
grandparenting only showed better BS compared to same-age grandparenting
girls (p < 0.05). Furthermore, parenting boys of 6-years reported higher LM (p
< 0.01), BS (p < 0.001), and TS (p < 0.001) scores compared to grandparenting
boys, but girls’" FMS at all ages were not significantly different between the
caregiving styles.

Conclusion: Parenting caregiving style is positively associated with proper
development of FMS among children. Girl children with poor FMS in
grandparenting may need a special care or intervention programs to promote
their FMS.

KEYWORDS

preschoolers, motor skills, parenting, grandparenting, ball skills, physical activity

1 Introduction

Fundamental movement or motor skills (FMS) are defined as basic learning movement
patterns in preschool children. Preschool age is a crucial period for developing and practicing
of FMS that are essential for more complex physical and sporting activities (1). The items in
EMS, including locomotor skills, object control, and stability skills, are positively correlated
with many aspects of children’s health (2). Children with poor FMS are often fail to attain
specific motor skills, which induce physical inactivity that lead to anxiety and depression
(3-5). It is further showed that elementary school children with poor FMS had learning
disabilities and cognitive impairments (6, 7). On the other hand, children with higher levels
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sof FMS competence reported to have better cognitive function
and academic performance (7, 8). This scenario emphasizes that
preschool age or early childhood is a critical period for FMS
learning as well as teaching (1). FMS strongly mediates specific
motor skills of children at an early age, and its impact may persist
until reaching adolescence or even a lifetime (9). During early
childhood, several domains, such as biological factors (sex, age,
and bodyweight), socio-economic status, cultural background and
caregiving styles, are involved in proper development of FMS
(10, 11). Among these domains, caregiving style or parenting is one
of the important factors that could influence FMS development,
and this phenomenon is yet to be disclosed in preschool children.

Previous studies have shown that family environment,
particularly parenting, or caregiving style is involved in improving
of physical activity, academic performance and motor skills among
children (8, 11, 12). Since FMS cannot occurs naturally (13),
caregivers role is inevitable for proper learning of motor skills
in the early stage of childhood. Very recently, high parental
participation has been shown to improve FMS proficiency in
children of 2-7 years old (14). In a family system, parenting
and/or grandparenting is common in several countries, and
grandparenting has been increased worldwide in the recent decades
(15). About 80% of adults aged 65 years and older are grandparents
in the USA, where grandparenting is becoming more intense
(16). Most of grandparents are involved in almost every aspect
of the daily care and support of their grandchildren in the USA
(17). Reliance on grandparents for caring of children is also
prevalent in Australia (18), Canada (19), England (20), and many
other countries (21). In the Confucian culture, taking care of
grandchildren is more common among Chinese grandparents (22).
In addition, young parents in China tend to move to cities due to
modernization or employment, which results in leaving of their
preschool children with grandparents (23). Data from the China
Health and Retirement Longitudinal Study (CHARLS) revealed
that about 53% of grandparents in China are providing care for
their grandchildren, aged under 16 years (24).

According to the social-ecological model and theoretical
frameworks, parenting (by parents or grandparents) plays
a fundamental role in shaping their children’s behavior and
personality (25, 26). Parenting is broadly conceptualized into
two dimensions, including autonomy-supportive and controlling
styles (25, 27). Autonomy-supportive parenting is characterized
by empathy for children and respect for their perspectives, while
controlling parenting (psychological or behavioral controlling)
ignores child’s opinions, needs and feelings (28, 29). Autonomy-
supportive parenting is associated with positive outcomes
(less depression, higher wellbeing, and self-efficacy), whereas
controlling parenting is associated with negative outcomes (social
incompetence, anxiety, and depression) among children (25, 28-
30). Autonomy-supportive parenting was said to be associated
with improved child wellbeing and family cohesion in German
families during COVID-19 pandemic (31). Not only children, but
also toddlers benefited from the autonomy-supportive parenting,
as toddlers’ rule internalization was positively correlated with
authoritative parenting practice (32). Furthermore, parents’
autonomous motivation with positive emotions was directly
associated with students’ positive emotions and self-efficacy for
doing homework (33). Based on the above two dimensions,
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parenting is further classified into four types, namely authoritarian,
authoritative, permissive, and uninvolved types (27, 34, 35). Among
these, authoritative parenting type is a balanced one, in which
parent develops a close, nurturing relationship with their children,
and children are confident, responsible, and able to self-regulate
as they grown (35). Irrespective of parenting type, caregivers,
either parents or grandparents play a vital role in supporting
and promoting the motor development in children from an
early age (14, 36). Previous studies identified the differences in
FMS proficiency between boys and girls, which might be due
to their behavioral habits, biological or social factors (37, 38). A
meta-analysis showed that age of children (3-6 years) is correlated
with gender specific differences in object control skills (38),
but parenting role is unanswered in their analysis. Therefore, it is
important to assess the FMS proficiency in boys and girls separately
from their early childhood, in both parenting and grandparenting
caregiving styles. Identifying of a child, who do not masterly
perform his/her FMS, is important for designing of appropriate
interventions based on their age, sex, and caregiving style.

Although parenting and grandparenting is advantageous on
various outcomes of children, the child caring values and
benefits of caregiving styles are contradictory between parents and
grandparents (39). The outcomes (social, educational, physical,
and health) of preschool children are reported to be equivocal
with parenting and grandparenting. For example, a study showed
that parental involvement can decrease behavioral problems of
children and improve their social skills (40). Luby et al. (41)
stated that maternal support in early childhood is a predictive
of larger hippocampal volumes among children at school age. In
contrast, some studies showed negative effects of grandparenting
on children’s creativity (42) and bodyweight (overweight) (43),
and beneficial effects on infants’ (9 months) communication and
personal-social development (44). Nonetheless, the influence of
grandparenting on children’s FMS is remaining unexplained. As
grandparenting is continuously increasing in China (23, 24), there
is a need of studying children’s motor skill development, and it is
important to unveil whether grandparenting caregiving style could
affect preschool children’s FMS.

In this study, we aimed to monitor the FMS development in
kindergarten children (aged 4-6 year), and compare the influence
of parenting and grandparenting caregiving styles on FMS
competence. We then examined the age-specific and sex-specific
changes in FMS competence among children with both caregiving
styles. Since authoritative parenting is favor to promote several
outcomes in children (40, 41), we hypothesized that authoritative
parenting might be beneficial to develop FMS proficiency, and this
development might be associated with age or sex of children.

2 Materials and methods

2.1 Recruitment strategy and participants

This cross-sectional study was conducted in Jinhua, a city with
~1M population in Zhejiang Province of Eastern China. A total of
1,343 healthy children (4, 5, and 6 years old) from two large-scale
kindergartens (affiliated to Zhejiang Normal University and Jinhua
Polytechnic) were recruited by a random cluster sampling method.
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The study was conducted from March to June 2021. During
the study period, 17 children were dropped due to incomplete
assessment scores, resulting 1,326 children as the final sample size.
The basic characteristics of children, including age, height, weight,
body mass index (BMI) and sex were recorded at their respective
kindergartens. There were a total of 698 boys and 628 girls. The
caregiving style of each child either parenting or grandparenting
was recorded with the help of their teacher or caregiver. Other
variables, like family economy status and sex of caregivers were not
analyzed. Children in a family with a combination of caregivers
(parents and grandparents) were not enrolled, and the ideal
parenting type in this study was “authoritative.”

The details of this study were provided with the Chinese
version of the written informed consent form and also explained
verbally to the directors of the kindergarten, teachers, parents, or
grandparents, and students before their voluntary participation.
The study design and all assessment procedures were reviewed
and approved by the Institutional Ethical Committee of Zhejiang
Normal University, and the approval number is ZSDR2019013.

2.2 Assessment of basic characteristics of
children

The basic characteristics, including bodyweight (kg) and height
(m) of children were measured using a weight and height scale to
the nearest 0.1 kg and 0.1 cm, respectively. Then BMI was calculated
using the weight and height of children at respective ages [weight
(kg)/height (m)?]. These assessments were performed in the empty
hall of each kindergarten during the school hours. Meanwhile,
demographic data (age and gender) of children provided by their
teachers were recorded for the analysis. Caregivers provided the
caregiving details of their children. Based on the caregiving type, we
categorized the children into two groups namely, grandparenting
and parenting. In “grandparenting caregiving style” grandparents
are the main caregivers, while in “parenting caregiving style”
parents are the main caregivers. The main caregiver means the
person, who looks after the child’s daily activities at least from 6
months prior to the study. Taking care of children by relatives,
guardians or babysitters were excluded from our study.

2.3 Assessment of motor skills of children

In this study, FMS performance of all age groups of children
was assessed using the scale, Test of Gross Motor Development,
3" edition [TGMD-3, (45)]. The TGMD-3 includes two skill
categories: six locomotor skills (i.e., running, galloping, sliding,
skipping, horizontal jumping, and hopping) and seven ball skills
(i.e., overhand throwing, underhand throwing, two-hand catching,
one-hand stationary dribbling, forehand striking of the self-
bounced ball, two hands striking a stationary ball, and kicking a
stationary ball). For the test evaluation, each skill was categorized
into 3-5 components, and each component was scored as either 1
(present) or 0 (absent). There were 46 points for locomotor skills
(LM) and 54 points for ball skills (BS), with a full score of 100.
The children’s FMS competence test was conducted in the indoor
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gymnasium of each kindergarten after obtaining permission from
the administrators. Two motor skill subset scores (LM and BS) were
computed from the sum of raw scores from each subset, and the
total fundamental movement skills score (TS) was the sum of LM
and BS.

The TGMD-3 scale used in this study is a valid and reliable
assessment tool for measuring the Chinese kindergarten children’s
FMS performances, and reported to have good test-retest reliability
and internal consistency (46, 47). A total of 14 professionals,
including two sport science researchers, two psychologists and 10
testers (postgraduates) were involved in the test assessments. The
administration of TGMD-3 for the assessment required roughly
~20min for each child. Two independent testers simultaneously
observed each child’s performance. The correlation coefficient
between the testers was used to ensure the consistency for different
rater scores when scoring the same subject and the results proved
that the inter-rater reliability was good. All assessments were
conducted in accordance with the TGMD-3 recommendations (48,
49). Required equipment was prepared prior to the assessment date.
On the day of assessment, all procedures were verbally explained,
and accurate demonstration was given on scoring of each skill.
Each child completed one practice, and then performed two formal
trials. The scores of two formal trials were recorded and used for
the analyses.

2.4 Statistical analysis

Obtained data were analyzed using the IBM SPSS Statistics
(Version 22.0, IBM Corporation, New York, USA). Descriptive
statistics for participant characteristics were displayed as Means +
SD or n (%). For the purpose of analysis, children were grouped
on the basis of sex (two groups), caregiving styles (two groups),
and age (three groups). For the age comparisons, all children were
arbitrarily categorized into three age groups, including 4, 5, and
6 years. One-way ANOVA was performed (separately) among the
FMS scores and caregiving styles, age, and sex to explore the
influence of each of these three variables. In order to examine
any significant difference across caregiving styles according to age
groups and sex classes, across age groups according to caregiving
styles and sex, and across sex classes according to caregiving styles
and age groups, one-way ANOVA was subsequently performed.
The results of the one-way ANOVA displayed through the F-values
and level of significance was set at p < 0.05.

3 Results

3.1 Characteristics of children

In this study, a total of 1,326 kindergarten children aged 4, 5,
and 6 years with parenting and grandparenting caregiving styles
were participated. There were 522 boys and 456 girls in parenting,
and 176 boys and 172 girls in grandparenting caregiving style. The
average height of boys and girls in parenting and grandparenting
caregiving styles was not different (Table 1). Similarly, the weight
and BMI of children was not differing either with parenting or
grandparenting at respective ages. We noticed an increased height
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TABLE 1 Basic characteristics of the preschool children.
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FIGURE 1
Changes in FMS scores of boys and girls with parenting caregiving style. LM, locomotor skills (A); BS, ball skills (B); TS, total fundamental movement
skills (C). The scores are significant (**P < 0.01, ***P < 0.001) between boys and girls at respective age

showed superior FMS scores (LM, BS, and TS) than that of children
with grandparenting caregiving style (Table 2).

3.3 Changes in FMS scores of boys and girls
with different caregiving styles

The FMS performance scores of boys and girls with parenting
caregiving style are shown in Figure I. We noticed that the
progressive increase of LM scores with age was not significantly
different between boys and girls in parenting (Figure 1A). However,
the BS scores of boys at each age (4, 5, and 6 years) in parenting were
significantly higher than that of girls at respective ages (Figure 1B).
Nevertheless, boys at the age of 6 years only showed the higher total
FMS scores (p < 0.01) than girls at the same age (Figure 1C). In
grandparenting caregiving style, the progressive increase of LM and
TS scores with age was not significantly different between boys and
girls (Figures 2A, C). Five-year-old boys in grandparenting only
showed the higher BS scores (p < 0.05) compared to girls at the
same age, which is different from the boys in parenting (Figure 2B).
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3.4 Parenting caregiving style promotes
FMS in boys, not in girls

Figures 3, 4 showed the influence of caregiving styles on
development of FMS among children of 4-6 years old. Initially,
we found that there was no significant difference between two
caregiving styles on LM, BS, and TS scores of boys at the age of
4- and 5-year. However, boys at the age of 6-year in authoritative
parenting reported significantly higher LM (p < 0.01), BS (p <
0.001),and TS (p < 0.001) scores compared with that of same age of
boys in grandparenting (Figure 3). It is worth to note that the FMS
scores of girls (LM, BS, and TS) were not specifically influenced by
either parenting or grandparenting caregiving style (Figure 4).

4 Discussion

To the best of our knowledge, this is the first study to explore
whether caregiving style (parenting and grandparenting) could
influence the fundamental motor skills of preschool age children.
We studied the changes in FMS among children (4-6 years) from
Zhejiang province of China, and the changes were compared
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FIGURE 2
Changes in FMS scores of boys and girls with grandparenting caregiving style. LM, locomotor skills (A); BS, ball skills (B); TS, total fundamental
movement skills (C). The scores are significant (*P < 0.05) between boys and girls at respective age.

with their age, sex, and caregiving styles. Our findings showed
that caregiving styles influence preschool children’s FMS, and this
influence is associated with age (4-6 years) and sex of children.
Parenting caregiving style significantly improved FMS of boys at
6-year, while FMS of girls (all ages) remained unchanged with
parenting and grandparenting caregiving styles. To be specific, the
ball skills of boys at all ages (4-, 5-, and 6-year) were better than
girls of respective ages with parenting caregiving style. Our findings
revealed that authoritative parenting type is important to promote
various motor skills of preschool children. However, the influence
of parental sex, and the role of other parenting types (authoritative,
permissive, and uninvolved) on children’s FMS competence is yet
to be elucidated.

4.1 Age-specific response of FMS

Increasing age is the most consistent key variable of all subsets
of FMS among children (50). In our study, the scores of FMS
of children aged 4-6 years were significantly improved with age.
Our results are consistent with previous findings of Bolger et al.
(51), who reported increased locomotor and object-control skills
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in Irish children aged 5-10 years. The early stage of children (3-7
years) is a critical period for proper development of FMS (1), and
improvement of FMS after this age may not be efficient as early
stages (52). The possible explanation is that children have different
physical development characteristics in different stages of growth.
During this period, children have more opportunities to engage
in several physical activities for daily needs and thereby learn
more motor skills. Therefore, the motor proficiency of children
constantly increases with age, which then leads to a gradual increase
in both locomotor skills and ball skills naturally (51). From our
findings, it is interesting to note that the improvement of ball
skills of girls with age was comparatively lower than that of the
improvement of ball skills of boys with age.

4.2 Sex-specific response of FMS

Exploring of sex-specific responses of FMS among children
with parenting and grandparenting is an important perspective
to understand whether caregiving style affects FMS differently in
boys and girls. In this context, we found that boys scored higher
than girls in BS but not in LM and TS. We then identified that
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FIGURE 3

Changes in FMS scores of boys with parenting and grandparenting caregiving styles. LM, locomotor skills (A); BS, ball skills (B); TS, total fundamental
movement skills (C). The scores are significant (**P < 0.01, ***P < 0.001) between parenting and grandparenting children at respective age.

boys of all ages (4-, 5-, and 6-year), particularly in parenting
caregiving style, possess better ball skills than girls. Similar to
our findings, a study from Australia reported that the boys had
better object-control skills than the girls (53). Other studies from
the USA (54) and Brazil (55) also reported superior scores of BS
and LM in boys than that of in girls. In contrast, some studies
reported specific motor skills of girls are better than boys. For
instance, the jumping skills of Belgian girls are superior than boys
(56), and the fundamental skill performance of girls from Hong
Kong was better than boys (57). The difference in FMS subsets
between boys and girls might be linked with various factors. Gender
differences among children in learning of FMS depend on their
family, elder siblings, peers, and teachers through socialization and
imitation, and consequently participate in particular activities that
fit these gender norms (38). A study on children from the deprived
areas of England stated that cultural background, ethnicity, and
other factors are critically involved in gender-specific differences
in learning of motor skills (58). The better ball skills of boys in
our study explained that boys may spend more time than girls
in practicing of object-control related activities, like ball games,
and thereby develop their ball skills. In addition to the above
said factors, we found caregiving style is also a considerable factor
for the sex-specific differences in various motor skills among
preschool children.
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4.3 FMS and caregiving styles

According to Clark (59), it is a common misconception that
children’s FMS develop naturally as they grow-up. It is also
said that providing of well-equipped physical activity facility
may not improve FMS in children, instead being engaged,
accompanying person, or supporting sibling may contribute for
appropriate development of FMS (1, 60). Goodway et al. (1)
also pointed out that FMS proficiency does not occur naturally
with growth and development of children, but it requires
structured teaching, practice, and consolidation. Although social-
environmental variables influence the FMS, parental and family-
related variables (61) or older siblings (62) of children are strongly
involved in proper development of FMS. For the first time, we
demonstrated the influential role of caregiving style among Chinese
children in developing of motor skills. Our findings showed that
boys in parenting at the age of 6-year performed better LM,
BS, and TS scores than the same age of boys in grandparenting.
Interestingly, caregiving style had no effect on the development of
FMS proficiency among girls.

There are several reasons to explain the differences in children’s
FMS scores between parenting and grandparenting caregiving
styles. The selected parenting type in this study was authoritative,
in which parents maintain a positive and warmth relationship with
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FIGURE 4
Changes in FMS scores of girls with parenting and grandparenting caregiving styles. LM, locomotor skills (A); BS, ball skills (B); TS, total fundamental
movement skills (C).

their child, and child tend to gain confidence, self-efficacy, and
positive emotions (25, 35). Therefore, we assume that authoritative
parents may entertain or actively interact with their kids in several
ways, which could promote various motor skills. In contrast,
grandparents may not vigorously interact with grandchildren
during playtime (due to aging or physical fitness issues), which
could result lower motor competence in children. Previous studies
have shown that grandparenting had a negative effects on children’s
emotions, academic performance and other social behaviors (63,
64). A recent study from China reported that children grown-up
in grandparents-headed families had lower creativity than those
from families living without grandparents (42). This study further
explained that the resources provided by parents are quite different
from the resources provided by grandparents, which can influence
creativity in children (42). Children with lower creativity or poor
academic performance tend to be physically inactive, and displayed
lower gross motor skills (65). Besides, childhood obesity among
children aged 8-10 year in China is said to be associated with
grandparenting caregiving style (66). Although the bodyweight of
Chinese children (4-6 years) in our study was not significantly
altered with caregiving style, other studies reported an association
between obesity and poor motor skills in children. A systematic
review identified an inverse association between motor competence
and bodyweight status of children and adolescents (67). Increased
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fat mass is not only detrimental to motor competence performance
(68) but also impede movement patterns of object projection
skills that inherently demand high segmental velocities (69).
Our findings further explained that authoritative parents may
have some innovative approaches to help children to grasp new
motor skills. Nevertheless, the influence of other parenting types,
like authoritative, permissive, and uninvolved on motor skills of
children (4-6 years) is yet to be investigated.

Due to the rapid migration of young parents from rural to
urban areas in China (for better career or business opportunities),
taking care of their child is a major concern in many families (23,
70). As a result, primary care of preschool children by grandparents
is increasing in China (21, 23, 24).Grandparenting is associated
with poor academic performance, poor creativity (63, 64) and lower
physical activity among grandchildren (65). Less physical exercise
and outdoor activities among children subsequently decrease
physical fitness, weakened immunity, and even cause obesity (10).
Previous studies have shown a strong positive correlation between
children’s FMS and physical activity (71-73). On the other hand,
there is an erroneous perception among grandparents or elder
community that academic activities are more important than
physical activities or outdoor programs for children. It is therefore
essential to understand the preschool children’s motor competence,
especially, who are taking care by grandparents. Furthermore,
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it is also imperative to study the motor skills of children from
rural areas, where high percentage of grandparenting can be seen.
Parenting without providing autonomous support may also lead
to poor motor competence in children. Therefore, young parents
particularly in uninvolved type, should prioritize their child’s needs
and feelings, and monitor their emotional and sedentary behaviors.
Importantly, parents should avoid excessive screen time or social
media usage, and need to engage with their child and praise
their accomplishments. Additional activities like, taking children
to parks, providing construction toys, weekend outdoor programs,
and active co-participation in physical activities by caregivers could
promote children’s self-esteem and motor skills. Taken together, our
findings emphasize that families and kindergarten schools need to
pay attention and work collectively to provide children with more
opportunities for physical activities.

4.4 Limitations

Preschool children participated in this study are Chinese,
and our findings can be generalized to children in the Chinese
society, where most caregivers are biological parents. Further
studies are necessary to demonstrate the influence of similar
caregiving styles on FMS of children from Western countries.
The differences between biological parenting and non-biological
parenting on motor skills can be studied in future to emphasize
the importance of biological parenting. Our findings primarily
addressed the influence of caregiving styles on children’s FMS,
however, the influence of other variables, including parental sex
and household income on motor competence of children needs
to be investigated. Furthermore, parenting type in this study was
authoritative, and the influence of other parenting types, such
as authoritative, permissive, and uninvolved on children’s FMS
is also need to be demonstrated. Finally, children in this study
were from one caregiving style (parents or grandparents), and the
effect of combination of two caregiving styles (both parents and
grandparents) on children’s FMS is also yet to be elucidated.

4.5 Practical implications

Poor motor competence observed in girl preschoolers with
grandparenting implies that some practical interventions are
necessary to promote their motor skills. Based on our findings, it is
encouraged to practice positive parenting, particularly authoritative
type to build a strong bonding between child and parent and
to promote FMS proficiency. Furthermore, young parents should
strive to balance their career and family, ensuring that they offer
adequate care, facilities and support for their children.

5 Conclusion

Parenting caregiving style is strongly associated with proper
development of FMS competence among kindergarten children.
Improved FMS proficiency in children helps to enhance cognitive
skills, academic performance, health-related outcomes and physical
fitness. Therefore, parenting is highly encouraged for preschoolers,
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especially for girls, who reported poor motor skills with
grandparenting caregiving style.
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