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Physical education class
participation is associated

with physical activity

among adolescents in 65 countries

Riaz Uddin*?3, Jo Salmon?, Sheikh Mohammed Shariful Islam*> & Asaduzzaman Khan?3**

In this study we examined the associations of physical education class participation with physical
activity among adolescents. We analysed the Global School-based Student Health Survey data from 65
countries (N=206,417; 11-17 years; 49% girls) collected between 2007 and 2016. We defined sufficient
physical activity as achieving physical activities 260 min/day, and grouped physical education

classes as ‘0 day/week’, ‘1-2 days/week’, and * =3 days/week’ participation. We used multivariable
logistic regression to obtain country-level estimates, and meta-analysis to obtain pooled estimates.
Compared to those who did not take any physical education classes, those who took classes = 3 days/
week had double the odds of being sufficiently active (OR 2.05, 95% Cl 1.84-2.28) with no apparent
gender/age group differences. The association estimates decreased with higher levels of country’s
income with OR 2.37 (1.51-3.73) for low-income and OR 1.85 (1.52-2.37) for high-income countries.
Adolescents who participated in physical education classes 1-2 days/week had 26% higher odds of
being sufficiently active with relatively higher odds for boys (30%) than girls (15%). Attending physical
education classes was positively associated with physical activity among adolescents regardless of
sex or age group. Quality physical education should be encouraged to promote physical activity of
children and adolescents.

Physical activity is essential for health and wellbeing of children and adolescents'. Physical activity improves
musculoskeletal, cardiac, metabolic, psychosocial, and cognitive health, and enhances cardiorespiratory and
muscular fitness of children and adolescents' . Regular participation also decreases adiposity in those who are
overweight®. For optimal health benefits, the current international guidelines (i.e., the World Health Organization
[WHOY]) recommends that those aged 5-17-years accumulate at least 60 min of moderate-to-vigorous physical
activity daily®. Globally, four out of five (81%) adolescents aged 11-17 years do not meet this recommendation
and are insufficiently active®. Such inactive behaviours during adolescence have both current and future ramifica-
tions on health and wellbeing as behaviours such as physical activity established during adolescence can carry
over to adulthood”®. Therefore, pragmatic strategies to promote physical activity during adolescence around the
globe are of critical importance’.

Adolescent physical activity occurs in different settings and domains including at home, in the community, for
transportation, and at school. Opportunities for physical activity at school include during recess and lunch breaks,
school sport and physical education lessons. Physical education classes may provide resources and opportunities
for students to accumulate the daily physical activity level and can contribute to daily energy expenditure!®!!.
Recent meta-analyses found that 41% of secondary school'? and 45% of elementary school'® physical education
lessons comprised moderate-to-vigorous physical activity. In many countries, physical education provides chil-
dren and adolescents the understanding and motivation for an active lifestyle and also creates an environment
to acquire knowledge and skills for physical activity throughout life!*'*. In addition, adolescents who may have
limited access to space and equipment outside of school can benefit from attending physical education classes
at school'®!!. School-based physical education, therefore, can be an accessible source of physical activity for
many adolescents and can help develop an active healthy lifestyle’®. In addition to the number of physical educa-
tion classes, access to high-quality physical education experience (e.g., teacher behaviours, learning outcomes),

lInstitute for Physical Activity and Nutrition (IPAN), School of Exercise and Nutrition Science, Deakin University,
Geelong, VIC 3220, Australia. 2School of Health and Rehabilitation Sciences, The University of Queensland,
Therapies Annex, St Lucia, Brisbane, QLD 4072, Australia. 3Active Healthy Kids Bangladesh (AHKBD), Dhaka,
Bangladesh. *email: a.khan2@uq.edu.au

Scientific Reports | (2020) 10:22128 | https://doi.org/10.1038/s41598-020-79100-9 nature research


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-020-79100-9&domain=pdf

www.nature.com/scientificreports/

which forms the foundation for lifelong engagement in physical activity, is also important for children and
adolescents'’ .

Available evidence suggest that participation in physical education classes are positively associated with
higher levels of physical activity?*-2%. However, the evidence is mostly based on single-country studies from high-
income countries with limited multi-country study and lack of representation of low- and lower-middle-income
countries®. A recent multi-country study reported country- and regional-level differences in physical education
class participation, which was also differed by sex, age, and country-income classification®. In addition, delivery,
content and quality of physical education also vary within and between countries?”*%. It is often provided infre-
quently in schools across countries, and therefore the potential impact on total moderate-to-vigorous physical
activity among boys and girls may be limited®. In order to obtain a comprehensive global perspective on the
relationship between physical education and physical activity, large multi-country studies with representative
samples are essential. Given the context and the opportunities that exist in schools for physical activity promo-
tion, in this study, we aimed to examine whether participation in physical education classes (i.e., number of
physical education class attendance) is associated with sufficient level of physical activity among adolescents
(overall, and by sex and age-group) from 65 countries around the globe. We hypothesised that higher number
of physical education class participation would be positively associated with sufficient level of physical activity
among adolescents.

Methods

Data source. Data for this study were from the Global School-based Student Health Survey (GSHS), a pop-
ulation-based survey of school-going children and adolescents around the world™®. In all participating countries,
the GSHS uses the same standardised sampling technique and study methodology. All participants completed
a standardised self-administered anonymous questionnaire, which included, but was not limited to, questions
on demographics (e.g., age, sex), participation in physical education classes and physical activity. GSHS adopted
questionnaire items, including items to measure physical activity and physical education from the Youth Risk
Behavior Survey of American Adolescents. Countries, where GSHS were implemented, were encouraged to
use culturally appropriate examples, words, and phrases to ensure sociocultural adaptability of the items. Fur-
thermore, using a rigorous translation and back-translation process with the assistance of WHO and US CDC,
countries were allowed to translate the questionnaire into their local language?'.

As of 8 December 2019, 98 countries/territories around the globe had at least one GSHS dataset publicly
available with the surveys being conducted between 2007 and 2016. For countries with more than one GSHS
dataset, we used the most recent one available. Of the 98 countries, 84 countries had data on PA, while 67 coun-
tries had data on physical education. Two countries (Niue and Tokelau) were excluded from the analyses due
to their small sample size (n < 140). The analytical sample consists of 206,417 adolescents aged 11 or younger to
17 years from 65 countries. Only a small proportion of students (1.05%) were in the age group “11 years old or
younger’, and for modelling purposes, they were considered as 11 years old for this analysis, as it was not pos-
sible to determine what proportion of 1.05% students were younger than 11 years old. All countries provided
nationally representative samples.

The GSHS received ethics approval from the Ministry of Education or a relevant Institutional Ethics Review
Committee, or both in each of the participating countries. Only those adolescents and their parents who provided
written or verbal consent participated. As the current study used retrospective, de-identified, publicly available
data, ethics approval was not required for this secondary analysis. Detailed methods of the GSHS have been
described on both the US CDC and the WHO websites®*#2.

Outcome measure—physical activity participation. Physical activity was assessed with one item:
‘During the past 7 days, on how many days were you physically active for a total of at least 60 min per day?’ The
response options were 0-7 days. Consistent with the WHO recommendations®, we defined participants as ‘suf-
ficiently active’ who did > 60 min/day of physical activity on seven days of the week.

Study factor—physical education participation. Physical education class attendance was assessed
with one item: ‘During this school year, on how many days did you go to physical education (PE) class each
week?” The responses were classified into three groups: ‘0 day/week] ‘1-2 days/week; and ‘> 3 days/week’ as used
elsewhere®,

Covariates. Adolescents self-reported age, sex, and daily hours of sitting (when not in school or doing
homework) in the survey. Food insecurity was assessed by asking: ‘During the past 30 days, how often did you go
hungry because there was not enough food in your home?” with response options being never, rarely, sometimes,
most of the time, and always. As the GSHS did not include any direct measure of socioeconomic status, this vari-
able was used as a proxy measure of socioeconomic status®**. Self-reported height and weight were used to com-
pute body mass index (BMI), which was categorised as underweight (BMI < -2SD), overweight (BMI> +1SD),
and obese (BMI > +2SD), relative to median BMI, by age and sex based on the WHO Child Growth Standards™.

Statistical analyses. Of the 65 countries with data on physical activity and physical education, nine coun-
tries were from Africa, 20 from the Americas, 15 from Eastern Mediterranean, five from South East Asia, and 16
from the Western Pacific region. Using the World Bank country classification, collected at the time of the survey
for the respective countries, seven countries were classified as low-income, 21 lower-middle-income, 18 upper-
middle-income, and 18 high-income. Income classification information was not available for Cook Island. The
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Figure 1. Proportion of adolescents sufficiently physically active by participation in physical education classes,
Global School-based Student Health Survey, 2007-2016.

prevalence estimates of physical activity and physical education were obtained by using a Stata command ‘svyset’
to take into account sampling weights and the clustered sampling design of the surveys.

In examining the country-level association of physical education with physical activity, a set of covariates
was considered including age, sex, weight status (i.e., BMI), food insecurity, and sitting time. Sitting time was
considered as an adjusting factor given its demonstrated association with physical activity in adolescents”. Given
the binary nature of physical activity outcome, logistic regression analysis with robust standard errors was used
to examine the association at the country level, by taking into account the sampling weight that was applied to
each participant record to adjust for non-response and the varying probability of selection. This GSHS weight-
ing factor was applied in an identical way to estimate the association in each participating country. Within the
GSHS protocol, weighting accounted for the probability of selection of schools and classrooms, non-responding
schools and students, and distribution of the population by sex and grade.

Random effects meta-analysis was used to generate pooled estimates of the association between physical
education and physical activity for the overall sample, by country income category (e.g., low-income, lower-
middle income, upper-middle income, and high-income), and by WHO region, stratified by sex and age groups
(11-14 years vs 15-17 years). Two age groups (11-14 years [early adolescence] and 15-17 years [middle ado-
lescence])*® were considered to stratify the analysis in order to examine whether the association estimates vary
across phases of adolescence. This analysis used DerSimonian and Laird method®® with the estimate of hetero-
geneity being taken from the Mantel-Haenszel model. As the GSHS were conducted across different cultural
settings in 65 countries around the world over a long period of time (2007-2016), it was reasonable to assume
that the association estimates across countries were likely to vary from survey to survey, which supports the use
of random effects meta-analysis that can adjust heterogeneity among studies*. The percentage of variability in
estimates across studies that is attributable to between study heterogeneity (I%) in our analysis ranges from 54.3
to 80.2%, which suggests a strong presence of heterogeneity in the association estimates, and further supports
the use of random effects meta-analysis. All adjusted estimates of the association parameters are presented in
the form of odds ratio (OR) and 95% confidence interval (CI). All analyses were conducted by StataSE V14.0.

Ethics approval and consent to participate. The GSHS received ethics approval from both a national
government administration and an institutional review board or ethics committee. Only adolescents and their
parents who provided written/verbal consent participated. As the current study used retrospective publicly
available data, we did not require ethics approval from any Institutional Ethics Review Committee for this sec-
ondary analysis.

Results

The mean age of the participating adolescents (n=206,417) was 14.35 (SD =1.45) years, 54.4% aged 11-14 years,
and 49.2% were girls. The prevalence of sufficient physical activity was 15.0%, with boys having higher prevalence
(18.3%) than girls (11.5%). Over half (56.5%) of adolescents participated in physical education classes 1-2 days/
week (boys 54.7%; girls 58.3%) and about a quarter (24.2%) participated in physical education classes > 3 days/
week (boys 26.8%; girls 21.6%). As shown in Fig. 1, the overall percentage of adolescents being sufficiently active
was greater for those who attended more physical education classes in both sexes.
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Estimates of associations of physical education class participation with sufficient physical activity by country
are shown in Table 1. The country-level analysis shows that 50 out of 65 participating countries (77%) demon-
strated significant and positive associations between attending physical education classes =3 days/week and
being sufficiently active with 33 countries (51%) revealing at least double the odds (OR >2.0) of meeting physical
activity guidelines. For example, Bolivian adolescents who attended physical education classes >3 days/week
had threefold odds of reporting sufficient physical activity compared with their counterparts who attended no
physical education class (OR 3.00, 95% CI 1.93-4.67). In examining the association between attending physi-
cal education classes 1-2 days/week and being sufficiently active, 20 countries (31%) demonstrated significant
positive associations. For example, Thai adolescents who attended physical education classes 1-2 days/week
had double the odds to reporting sufficient physical activity compared with their counterparts who attended
no physical education class (OR 2.11, 95% CI 1.39-3.19). As shown in Table 1, attending physical education
classes > 3 days/week was positively and strongly associated with physical activity in all WHO regions with South
East Asia region showing the strongest association (OR 2.89, 2.11-3.97), followed by Africa (OR 2.45, 1.72-3.48)
and Western Pacific region (OR 2.40, 1.92-3.00). The analysis also showed evidence of positive and moderate
association between attending physical education classes 1-2 days/week and being sufficiently active in all WHO
regions with the pooled association estimates ranging from OR 1.19 (1.01-1.41) in the Americas region to OR
1.86 (1.03-3.36) in South East Asia.

Overall, adolescents who took physical education classes > 3 days/week, compared to those who did not take
any physical education classes, had double the odds of being sufficiently active (OR 2.05, 95% CI 1.84-2.28) with
no apparent gender (OR 2.09, 1.88-2.33 for boys; and OR 1.95, 1.69-2.25 for girls) or age (OR 2.19, 1.93-2.48
for 11-14-year-old; and OR 2.03, 1.80-2.28 for 15-17-year-old adolescents) differences (Table 2). Adolescents
who participated in physical education classes 1-2 days/week had 26% higher odds of being sufficiently active
(OR 1.26, 1.15-1.37) with relatively higher odds for boys (OR 1.30, 1.17-1.46) than girls (OR 1.15, 1.03-1.29)
and younger adolescents aged 11-14 years (OR 1.28, 1.16-1.42) that older adolescents aged 15-17 years (OR
1.19, 1.08-1.32).

The odds of attending physical education classes >3 days/week and being sufficiently active were lower in
country with higher income (Table 2). In low-income countries, adolescents who participated in physical educa-
tion classes >3 days/week had 137% higher odds of being sufficiently active (OR 2.37, 1.51-3.73) with comparable
odds for boys (OR 2.51, 1.70-3.70) and girls (OR 2.36, 1.31-4.26) and slightly higher odds for younger (OR
2.94, 1.92-4.51) than older adolescents (OR 2.32, 1.36-3.96). In high-income countries, the odds of being suf-
ficiently active was 85% higher for adolescents who attended physical education classes >3 days/week (OR 1.85;
1.52-2.25) with no apparent gender (boys OR 1.89, 1.50-2.37; girls OR 1.69, 1.36-2.10) or age (younger OR 1.83,
1.47-2.28; older OR 1.80 (1.48-2.19) differences. In lower-middle income countries, adolescents who attended
physical education classes 1-2 days/week had 39% higher odds of being sufficiently active (OR 1.39, 1.19-1.62)
compared to their counterparts who did not take any physical education classes, with relatively higher odds for
boys (OR 1.46, 1.21-1.76) than girls (OR 1.30, 1.03-1.65), and similar odds for younger (OR 1.36, 1.09-1.68)
and older adolescents (OR 1.33,1.16-1.51).

Boys of South East Asian region who participated in physical education classes >3 days/week had the
highest odds of being sufficiently active (OR 3.29, 1.97-5.47), followed by the boys of Africa region (OR 2.41,
1.74-3.33) (Supplementary Table S1). Girls of Western Pacific and Africa region who participated in physical
education classes > 3 days/week had the highest odds of being sufficiently active (OR 2.68, 1.89-3.77, and OR
2.63, 1.63-4.26, respectively). Even by attending physical education classes 1-2 days/week, boys of the Americas
region and girls of Africa region can increase their odds, though not considerably, of being sufficiently active
(OR1.29, 1.06-1.58, and OR 1.41, 1.15-1.73, respectively).

Both younger and older adolescents in all WHO regions demonstrated positive association between >3 days/
week physical education class attendance and meeting the physical activity recommendations (Supplementary
Table S1). Younger adolescents in South East Asia (OR 3.03, 2.42-3.79) and Africa (OR 2.95, 2.07-4.20), and
older adolescents in South East Asia (OR 3.24, 1.57-6.67) who participated in physical education classes >3 days/
week had over three times higher odds of being sufficiently active. There were moderate positive associations
between physical education class attendance for 1-2 days/week and meeting the physical activity reccommenda-
tions for younger adolescents in Africa (OR 1.38, 1.03-1.84), the Americas (OR 1.29, 1.07-1.56), and Eastern
Mediterranean regions (OR 1.24, 1.06-1.44), and for older adolescents in Africa (OR 1.24, 1.03-1.48), Eastern
Mediterranean (OR 1.26, 1.07-1.49), and Western Pacific region (OR 1.19, 1.01-1.41).

Discussion

To our knowledge, this is the most extensive global study to assess the association of physical education class
attendance with physical activity of adolescents, based on nationally representative samples from 65 countries
around the globe. The key finding of our study is that adolescents, irrespective of sex or age, who had a higher
frequency (=3 days/week) of physical education class attendance had significantly higher odds of meeting the
WHO?’s physical activity recommendations. The estimates of association between the frequency of attending
physical education and meeting physical activity reccommendations were lower among countries with higher
income. We observed some regional differences with South East Asia having the highest associations and the
Americas having the lowest. Our findings suggest that adolescents, especially girls and those aged 15-17 years,
are mostly benefited from a higher frequency (i.e., > 3 days/week) of physical education participation. Our study
also found some benefits of less frequent participation in physical education classes (1-2 days/week) in meeting
the physical activity guidelines, which is encouraging. About one-third of the countries demonstrated positive
association between less frequent participation in physical education classes and meeting the physical activity
recommendations, and such association was prominent in boys and younger adolescents in all but low-income
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Physical education classes >3 days/week and
physical activity

Physical education classes 1-2 days/week and
physical activity

Region/country (n) OR (95% CI) OR (95% CI)

Africa (n=21,797) 2.45 (1.72-3.48 1.28 (1.11-1.48)
Algeria (4228) 2.36 (1.70-3.28 1.00 (0.73-1.36)
Benin (1503) 1.14 (0.76-1.72)

Ghana (2264)

1.72 (1.21-2.45

1.16 (0.82-1.63)

Mauritania (1249)

)
)
2.07 (1.24-3.46)
)
)

2.61 (1.69-4.04

1.09 (0.65-1.82)

Mauritius (3002) 1.99 (1.26-3.16) 1.21 (0.78-1.88)
Mozambique (1245) 2.05 (0.84-5.01) 1.81 (0.81-4.04)
Namibia (3013) 1.66 (1.22-2.27) 1.66 (1.24-2.23)
Seychelles (1965) 3.14 (2.07-4.76) 1.79 (1.18-2.71)
Tanzania (3328) 5.92 (4.62-7.59) 1.23 (0.90-1.67)

The Americas (n=>53,477)

1.50 (1.27-1.77)

1.19 (1.01-1.41)

Antigua & Barbuda (1103)

0.98 (0.65-1.50)

0.76 (0.52-1.11)

Argentina (16,390) 1.55 (1.10-2.19) 1.02 (0.73-1.41)
Bahamas (1119) 5.46 (1.76-16.91) 5.22 (1.73-15.77)
Barbados (1253) 1.31 (0.81-2.09) 0.94 (0.59-1.49

Belize (1826)

1.34 (0.98-1.85)

0.93 (0.71-1.22

Bolivia (3209)

3.00 (1.93-4.67)

2.12(1.37-3.26

British Virgin Island (1433)

1.36 (0.91-2.03)

Chile (1681)

1.79 (0.94-3.38)

1.15 (0.61-2.17

Costa Rica (2521)

1.71 (1.23-2.36)

1.20 (0.87-1.65

Curagao (2013)

2.17 (1.31-3.59)

1.50 (0.91-2.48

Dominica (1181)

2.32 (1.41-3.82)

)
)
)
1.36 (0.95-1.95)
)
)
)
)

(
(
(
(
1.43 (0.90-2.27
(
(
(
(

El Salvador (1665) 1.02 (0.63-1.65) 1.06 (0.66-1.68)
Guatemala (3491) 4.64 (1.80-11.96) 4.11 (1.64-10.28)
Guyana (2160) 0.90 (0.64-1.27) 0.72 (0.54-0.97)
Honduras (1583) 0.87 (0.50-1.51) 0.96 (0.57-1.62)
Peru (2603) 2.47 (0.90-6.77) 2.50 (1.46-4.29)
Saint Kitts and Nevis (1401) 0.92 (0.61-1.39) 1.13 (0.81-1.56)
Suriname (1483) 1.61 (1.11-2.32) 1.32 (0.96-1.81)
Trinidad and Tobago (2359) 1.56 (1.10-2.22) 1.21 (0.86-1.69)
Uruguay (3003) 1.23 (0.88-1.72) 0.64 (0.46-0.89)
Eastern Mediterranean (n=46,944) 2.01 (1.72-2.35) 1.21 (1.04-1.40)
Afghanistan (1599) 1.11 (0.73-1.68) 0.62 (0.38-1.01)
Bahrain (6724) 2.25(1.81-2.81) 1.36 (1.10-1.69)
Egypt (2028) 1.21 (0.81-1.82) 0.76 (0.56-1.04)
Iraq (1756) 2.44 (1.72-3.48) 1.12 (0.76-1.64)
Kuwait (2603) 3.55 (2.30-5.49) 2.37 (1.62-3.45)
Lebanon (1444) 1.90 (1.34-2.68) 1.09 (0.74-1.59)
Morocco (2525) 2.33 (1.67-3.25) 0.88 (0.62-1.25)
Palestine (10,350) 2.17 (1.80-2.63) 1.41 (1.17-1.71)
Oman (2807) 1.63 (1.16-2.27) 1.03 (0.70-1.52)
Pakistan (4793) 1.33 (1.02-1.72) 1.29 (1.05-1.59)
Qatar (1609) 3.62 (2.15-6.07) 2.29 (1.37-3.82)

Sudan (1806)

1.74 (1.06-2.87)

1.10 (0.72-1.69)

Syria (2847)

2.88(1.91-4.33)

1.37 (0.92-2.04)

UAE, The (2185)

1.70 (1.25-2.32)

1.17 (0.87-1.56)

Yemen (1868)

2.43 (1.71-3.46)

1.28 (0.84-1.94

South East Asia (n=25,401)

2.89(2.11-3.97)

1.86 (1.03-3.36

Bangladesh (2446) 2.86 (1.79-4.59) 2.93(1.83-4.70
Indonesia (9992) 3.33(2.42-4.57) 2.37(1.78-3.14
Nepal (5350) 1.94 (1.58-2.38) 0.71

Thailand (5193) 3.26 (1.99-5.33)

Timor Leste (2420)

4.30 (2.34-7.90)

2.32(1.28-4.20

Western Pacific (n=58,798)

2.40 (1.92-3.00)

1.24 (1.05-1.46

Brunei (2378)

1.67 (1.14-2.43)

)
)
( )
( )
(0.54-0.94)
2.11 (1.40-3.19)
( )
( )
( )

0.78 (0.55-1.12

Continued
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Physical education classes >3 days/week and Physical education classes 1-2 days/week and

physical activity physical activity
Region/country (n) OR (95% CI) OR (95% CI)
Cambodia (2715) 6.52 (3.68-11.57) 1.77 (1.09-2.89)
Cook Island (602) 2.30 (1.26-4.21) 0.83 (0.42-1.67)
Fiji (2674) 1.43 (1.04-1.96) 1.37 (1.04-1.79)
Kiribati (1389) 3.88 (2.46-6.12) 1.13 (0.70-1.83)
Laos (3449) 1.74 (1.22-2.48) 1.22 (0.95-1.57)
Malaysia (24,215) 2.12 (1.79-2.51) 1.37 (1.17-1.61)
Mongolia (4950) 4.13 (2.48-6.86) 2.72 (1.72-4.29)
Philippines, The (6918) 1.60 (1.12-2.28) 1.29 (0.89-1.87)
Samoa (1385) 2.94 (1.94-4.47) 1.08 (0.68-1.70)
Solomon Islands (1061) 1.96 (1.21-3.19) 1.67 (0.98-2.82)
Tonga (1988) 2.68 (1.98-3.64) 0.74 (0.51-1.07)
Tuvalu (542) 4.22 (2.33-7.66) 0.53 (0.19-1.48)
Vanuatu (763) 0.50 (0.20-1.26) 1.27 (0.71-2.28)
Vietnam (2878) 1.76 (0.69-4.47) 1.10 (0.50-2.42)
Wallis & Futuna (891) 8.14 (2.96-22.43) 2.69 (1.03-7.01)

Table 1. Country-level adjusted® and region-level pooled estimates of association between frequency of
physical education classes and sufficient physical activity among adolescents aged 11-17 years, Global School-
based Student Health Surveys, 2007-2016. OR odds ratio, CI confidence intervals, UAE United Arab Emirates.
*Reference being attending no physical education class. Adjusted for age, sex, weight status (i.e., BMI), food
insecurity, and sitting time.

countries. Our study thus argues that even less frequent participation in physical education classes can bring
some benefits for some adolescents.

Our finding that a higher frequency of physical education class attendance was positively associated with meet-
ing the physical activity recommendations is consistent with other studies in children and adolescents?>**4%_ Tt
has been argued that participation in physical education classes acts as a positive reinforcement to “keep young
people going” by being more physically active with less time in sedentary behaviour throughout the day?.
Physical education classes provide children with an opportunity to familiarise themselves with different types
of physical activity, motivates them to be active within the school environment, and potentially also encourages
more out-of-school physical activity*!. Physical activity during physical education classes may reduce fatigue
and improve mood by changing neurophysiological stimulation and the brain’s information processing function
(i.e., cerebral cortex), which may improve children’s preparedness to move more throughout the day*. While
the frequency of physical education class is important, it is also critical that children have access to quality
physical education'®'. Previously, researchers have suggested that in spite of the traditional class-based and
sports-centred physical education curriculum, physical education ought to be a health-centred dynamic learn-
ing experience for children'*%. Quality physical education is important for age-appropriate cognitive learning
and to acquire fitness, develop motor skills and psychosocial and emotional skills, which can help children to
lead an active lifestyle, inside and outside of the school environment, throughout their life course'®1%#. Given
the role of physical education for active and healthy lifestyle, different stakeholders, including United Nations
agencies (i.e., UNESCO)*, European Commission'’, have recommended to ensure quality physical education
for children and adolescents, and called for political commitments and actions from Governments and supports
from the international communities.

In our study, adolescents boys and girls in low-income countries with > 3 days/week physical education class
attendance had the highest odds of meeting the physical activity reccommendations, and the associations became
smaller (yet significant) with a higher country income classification for both sexes. A previous 12-country study®
reported similar findings for boys, but not for girls. Unlike our study that is based on self-reported data, the earlier
study used a device-based physical activity measure and included Australia and other high-income countries of
Europe and North America. In addition to high-income countries, our study included adolescents from low- and
lower-middle-income countries. It is possible that for many children, regardless of sex or country income, schools
provide the most pragmatic and readily accessible opportunities for various physical activity, while out-of-school
physical activity options, logistics, and environments might be variable!®!!. The environments, in general, may be
more supportive of out of school physical activity for children in high-income countries than their counterparts
in low-income countries; however, high-income countries may have other challenges including gender and
socioeconomic disparities in physical activity. For example, children from high-poverty neighbourhood may
have fewer opportunities for out of school physical activity in many high-income countries****. Appreciating the
heterogeneity in resources for physical education within- and across countries, all governments should consider
schools as the primary focus to promote an active and healthy lifestyle among children and adolescents, which is
likely to be a cost-effective and opportunistic initiative to get them moving. Our findings also show that physical
education is potentially more important in South East Asia than the Americas in promoting physical activity.
In addition to environmental support, such variations could be a sign of the quality of the respective physical
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Physical education classes >3 days/week and Physical education classes 1-2 days/week and

physical activity physical activity
Category OR? (95% CI) OR® (95% CI)
Total
Low-income (n=17,740) 2.37 (1.51-3.73) 1.06 (0.82-1.37)
Lower-middle income (n=70,453) 2.09 (1.71-2.56) 1.39 (1.19-1.62)
Upper-middle income (n=64,705) 2.02 (1.71-2.39) 1.23 (1.05-1.43)
High-income (n=52,917) 1.85 (1.52-2.25) 1.25 (1.04-1.49)
Overall (n=206,417) 2.05 (1.84-2.28) 1.26 (1.15-1.37)
Boys
Low-income (n=9757) 2.51 (1.70-3.70) 1.03 (0.71-1.49)
Lower-middle income (n=237,009) 2.15 (1.77-2.60) 1.46 (1.21-1.76)
Upper-middle income (n=33,903) 2.09 (1.78-2.46) 1.33 (1.10-1.62)
High-income (n=27,907) 1.89 (1.50-2.37) 1.27 (1.03-1.55)
Overall (boys) (n=108,879)° 2.09 (1.88-2.33) 1.30 (1.17-1.46)
Girls
Low-income (n=7983) 2.36 (1.31-4.26) 1.12 (0.75-1.67)
Lower-middle income (n=33,444) 2.07 (1.58-2.72) 1.30 (1.03-1.65)
Upper-middle income (n=30,802) 1.83 (1.45-2.32) 1.06 (0.93-1.20)
High-income (n=25,010) 1.69 (1.36-2.10) 1.09 (0.87-1.35)
Overall (girls) (n=97,538)" 1.95 (1.69-2.25) 1.15(1.03-1.29)
11-14 years
Low-income (n=28851) 2.94 (1.92-4.51) 1.21 (0.91-1.61)
Lower-middle income (n=37,637) 2.23(1.77-2.82) 1.36 (1.09-1.68)
Upper-middle income (n=31,631) 2.21(1.83-2.68) 1.26 (1.07-1.49)
High-income (n=28,555) 1.83 (1.47-2.28) 1.22 (1.03-1.46)
Overall (11-14 years) (106,868)" 2.19(1.93-2.48) 1.28 (1.16-1.42)
15-17 years
Low-income (n =8889) 2.32 (1.36-3.96) 0.99 (0.74-1.33)
Lower-middle income (n=32,816) 2.17 (1.76-2.68) 1.33(1.16-1.51)
Upper-middle income (n=33,074) 1.98 (1.61-2.44) 1.18 (0.98-1.43)
High-income (n=24,362) 1.80 (1.48-2.19) 1.14 (0.91-1.44)
Overall (15-17 years) (n=99,549)" 2.03 (1.80-2.28) 1.19 (1.08-1.32)

Table 2. Pooled estimates of association between frequency of physical education classes and sufficient
physical activity among adolescents aged 11-17 years, by World Bank country income classification, Global
School-based Student Health Surveys, 2007-2016. *Reference being attending no physical education class.
Cook Island (n=602), which was not a part of income classification, was included in calculating the overall
pooled estimate. OR odds ratio, CI confidence intervals.

education programs, including time allocated for physical education across the countries. There is a large het-
erogeneity in weekly time allocated for physical education in countries around the globe. For example, weekly
time for physical education of secondary school students in Bangladesh (180 min) is reportedly higher than in
Peru (90 min)*®. Research is needed to understand whether physical education classes are designed to facilitate
physical activity and/or how much time students actually spend in physical activity during physical education
classes. It is also important to understand how physical education lessons can help the students to develop skills
so that they can be more active both inside and outside of school. This information can help in designing a
physical education curriculum with balanced components of physical activity and physical education lessons on
other health and wellbeing so that the students can develop a healthy lifestyle. Opportunities for quality physi-
cal education should be equitable and inclusive, and available for all children regardless their gender, disability
status, socio-economic position, and cultural or religious backgrounds, and the delivery of physical education
should be ensured for marginalised and vulnerable groups'’.

The strengths of our study are the inclusion of a large number of countries around the globe, representing
different world regions and income groups. All countries included in our study provided nationally representa-
tive data. We used the GSHS sample weighting to account for distribution of the population by age and sex in
countries for whose data were analysed. Any potential skewness, by sex or age, in the observed data is unlikely
to impact the weighted analysis results. All countries where GSHS was implemented, used a standardised data
collection procedure. In all countries, a standardised questionnaire with the same survey items to assess physi-
cal activity and physical education class attendance was used, which facilitated our regional comparisons. We
adjusted our estimates for several potential covariates to avoid possible confounding effects of these factors.
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The findings of our study should be interpreted in light of its limitations. Data for our study were collected
using self-reported questionnaire; these data are vulnerable to social desirability and recall bias. Unavailability
of GSHS data from European and North American countries, some of the Latin/Central American and Asia and
Pacific countries, limits the generalisability of the findings only to the GSHS participating countries. Although a
standardised questionnaire was used in all participating countries, there is a lack of information on the reliability
and validity of GSHS measures across different countries or cultures. Physical education classes can have differ-
ent meanings and can constitute different components, including a knowledge-based curriculum component
(i.e., lessons and discussions) and/or skill-based physical activity session, in different settings. We did not have
any information on components of physical education classes across the participating countries. The cross-sec-
tional design of the study limits our ability to make any causal inferences from the association estimates. Some
adolescents in our study may have had difficulties with understanding the questionnaire because of poor reading
skills. In this study, we used data collected between 2007 and 2016, which may have biased the results because
of the period effect.

Conclusions

Our study suggests a positive association between regular participation in physical education classes and meeting
the physical activity guidelines among children and adolescents around the globe regardless of sex or age group.
The odds were lower in high- than low-income countries. The benefits of regular participation in physical educa-
tion classes to enhance physical activity are universal across all WHO regions, with the highest being observed
among adolescents from South East Asian countries. Even less frequent participation in physical education
classes (i.e., 1-2 days a week) was related to higher odds of being sufficiently active in all but low-income coun-
tries, especially in boys. Thus, the findings support the importance of physical education for ensuring sufficient
physical activity among school-going children and adolescents around the globe. Countries must not miss the
opportunity to ensure schools deliver a daily or at least 3 days per week of well-designed physical education
classes, which can play a vital role in creating active nations around the world.

Received: 8 June 2020; Accepted: 3 December 2020
Published online: 17 December 2020

References
1. Poitras, V. J. et al. Systematic review of the relationships between objectively measured physical activity and health indicators in
school-aged children and youth. Appl. Physiol. Nutr. Metab. 41, S197-S239. https://doi.org/10.1139/apnm-2015-0663 (2016).
2. Rhodes, R. E., Janssen, I, Bredin, S. S. D., Warburton, D. E. R. & Bauman, A. Physical activity: health impact, prevalence, correlates
and interventions. Psychol. Health 32, 942-975. https://doi.org/10.1080/08870446.2017.1325486 (2017).
3. Whooten, R,, Kerem, L. & Stanley, T. Physical activity in adolescents and children and relationship to metabolic health. Curr. Opin.
Endocrinol. Diabetes Obes. 26, 25-31 (2019).
4. Rodriguez-Ayllon, M. et al. Role of physical activity and sedentary behavior in the mental health of preschoolers, children and
adolescents: a systematic review and meta-analysis. Sports Med. 49, 1383-1410. https://doi.org/10.1007/540279-019-01099-5 (2019).
5. World Health Organization. Global Recommendations on Physical Activity for Health (World Health Organization, Geneva, 2010).
6. Guthold, R,, Stevens, G. A,, Riley, L. M. & Bull, E. C. Global trends in insufficient physical activity among adolescents: a pooled
analysis of 298 population-based surveys with 1.6 million participants. Lancet Child Adolescent Health https://doi.org/10.1016/
$2352-4642(19)30323-2 (2019).
7. U.S. Department of Health Human Services. 2018 Physical Activity Guidelines Advisory Committee Scientific Report (2018).
8. Biddle, S.J. H., Gorely, T. & Stensel, D. J. Health-enhancing physical activity and sedentary behaviour in children and adolescents.
J. Sports Sci. 22, 679-701. https://doi.org/10.1080/02640410410001712412 (2004).
9. Salomé, A. et al. Global Matrix 3.0 Physical Activity Report Card Grades for Children and Youth: results and analysis from 49
countries. J. Phys. Act. Health 15, S251-S273. https://doi.org/10.1123/jpah.2018-0472 (2018).
10. Hills, A. P, Dengel, D. R. & Lubans, D. R. Supporting public health priorities: recommendations for physical education and physical
activity promotion in schools. Prog. Cardiovasc. Dis. 57, 368-374. https://doi.org/10.1016/j.pcad.2014.09.010 (2015).
11. Sallis, J. F. et al. Physical education’s role in public health. Res. Q. Exerc. Sport 83, 125-135. https://doi.org/10.1080/02701
367.2012.10599842 (2012).
12. Hollis, J. L. et al. A systematic review and meta-analysis of moderate-to-vigorous physical activity levels in secondary school
physical education lessons. Int. J. Behav. Nutr. Phys. Act. 14, 52. https://doi.org/10.1186/s12966-017-0504-0 (2017).
13. Hollis, J. L. et al. A systematic review and meta-analysis of moderate-to-vigorous physical activity levels in elementary school
physical education lessons. Prev. Med. 86, 34-54. https://doi.org/10.1016/j.ypmed.2015.11.018 (2016).
14. Kohl, H. W. IIL. & Cook, H. D. Educating the Student Body: Taking Physical Activity and Physical Education to School (National
Academies Press, Washington, 2013).
15. Society of Health and Physical Educators. National Standards & GRADE-Level Outcomes for K-12 Physical Education (Human
Kinetics, 2014).
16. Lonsdale, C. et al. A systematic review and meta-analysis of interventions designed to increase moderate-to-vigorous physical
activity in school physical education lessons. Prev. Med. 56, 152-161. https://doi.org/10.1016/j.ypmed.2012.12.004 (2013).
17. Expert Group on Health-Enhancing Physical Activity. EU Work Plan for Sport 2014-2017 (Europen Commission, 2017).
18. Sallis, J. E et al. Physical educations role in public health: steps forward and backward over 20 years and hope for the future. Res.
Q. Exerc. Sport 83, 125-135 (2012).
19. United Nations Educational Scientific and Cultural Organization. Quality Physical Education: Guidelines for Policy-Makers (United
Nations Educational, Scientific and Cultural Organization, Paris, 2015).
20. Chen, S., Kim, Y. & Gao, Z. The contributing role of physical education in youth’s daily physical activity and sedentary behavior.
BMC Public Health 14, 110. https://doi.org/10.1186/1471-2458-14-110 (2014).
21. Mooses, K. et al. Physical education increases daily moderate to vigorous physical activity and reduces sedentary time. J. Sch.
Health 87, 602-607. https://doi.org/10.1111/josh.12530 (2017).
22. Froberg, A., Raustorp, A., Pagels, P, Larsson, C. & Boldemann, C. Levels of physical activity during physical education lessons in
Sweden. Acta Paediatr. 106, 135-141. https://doi.org/10.1111/apa.13551 (2017).

Scientific Reports |

(2020) 10:22128 | https://doi.org/10.1038/s41598-020-79100-9 nature research


https://doi.org/10.1139/apnm-2015-0663
https://doi.org/10.1080/08870446.2017.1325486
https://doi.org/10.1007/s40279-019-01099-5
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1080/02640410410001712412
https://doi.org/10.1123/jpah.2018-0472
https://doi.org/10.1016/j.pcad.2014.09.010
https://doi.org/10.1080/02701367.2012.10599842
https://doi.org/10.1080/02701367.2012.10599842
https://doi.org/10.1186/s12966-017-0504-0
https://doi.org/10.1016/j.ypmed.2015.11.018
https://doi.org/10.1016/j.ypmed.2012.12.004
https://doi.org/10.1186/1471-2458-14-110
https://doi.org/10.1111/josh.12530
https://doi.org/10.1111/apa.13551

www.nature.com/scientificreports/

23. Sigmund, E., Sigmundova, D., Hamrik, Z. & Geckovd, M. A. Does participation in physical education reduce sedentary behaviour
in school and throughout the day among normal-weight and overweight-to-obese Czech children aged 9-11 years?. Int. J. Environ.
Res. Public Health 11, 1076-1093. https://doi.org/10.3390/ijerph110101076 (2014).

24. Tassitano, R. M. et al. Enrollment in physical education is associated with health-related behavior among high school students. J.
Sch. Health 80, 126-133. https://doi.org/10.1111/j.1746-1561.2009.00476.x (2010).

25. Silva, D. A. S. et al. Physical education classes, physical activity, and sedentary behavior in children. Med. Sci. Sports Exerc. 50,
995-1004 (2018).

26. Martin, A, Kelly, P, Boyle, ]., Corlett, F. & Reilly, J. J. Contribution of walking to school to individual and population moderate-
vigorous intensity physical activity: systematic review and meta-analysis. Pediatr. Exerc. Sci. 28, 353-363. https://doi.org/10.1123/
pes.2015-0207 (2016).

27. Expert Group on Health-Enhancing Physical Activity. EU Work Plan for Sport: 2014-2017 (2014).

28. United Nations Educational Scientific and Cultural Organization. World-Wide Survey of School Physical Education. Final Report
2013 (United Nations Educational, Scientific and Cultural Organization, Paris, 2014).

29. Owen, M. B., Curry, W. B., Kerner, C., Newson, L. & Fairclough, S. J. The effectiveness of school-based physical activity interventions
for adolescent girls: a systematic review and meta-analysis. Prev. Med. 105, 237-249. https://doi.org/10.1016/j.ypmed.2017.09.018
(2017).

30. World Health Organization. Global School-Based Student Health Survey (GSHS). https://www.who.int/ncds/surveillance/gshs/en/
(n.d.). Accessed 11 Nov 2020.

31. World Health Organization. Global School-based Student Health Survey (GSHS) and Global School Health Policy and Practices
Survey (SHPPS). http://www.searo.who.int/entity/noncommunicable_diseases/events/2013-gshs-survey-implementation-engli
sh-updated.pdf (2012). Accessed 11 Nov 2020.

32. US Centers for Disease Control and Prevention. Global School-based Student Health Survey (GSHS). https://www.cdc.gov/gshs/
(n.d.). Accessed 11 Nov 2020.

33. Silva, D. A. S., Chaput, J.-P. & Tremblay, M. S. Participation frequency in physical education classes and physical activity and sitting
time in Brazilian adolescents. PLoS ONE 14, e0213785. https://doi.org/10.1371/journal.pone.0213785 (2019).

34. Ashdown-Franks, G. et al. Leisure-time sedentary behavior and obesity among 116,762 adolescents aged 12-15 years from 41
low- and middle-income countries. Obesity 27, 830-836. https://doi.org/10.1002/0by.22424 (2019).

35. Uddin, R. & Khan, A. Sedentary behaviour is associated with overweight and obesity among adolescents: evidence from a popu-
lation-based study. Acta Paediatr. 108, 1545-1546. https://doi.org/10.1111/apa.14827 (2019).

36. World Health Organization. Growth reference data for 5-19 years. WHO Child Growth Standards. https://www.who.int/growthref/
en/ (n.d.). Accessed 11 Nov 2020.

37. Uddin, R, Lee, E.-Y., Khan, S. R., Tremblay, M. S. & Khan, A. Clustering of lifestyle risk factors for non-communicable diseases in
304,779 adolescents from 89 countries: a global perspective. Prev. Med. 131, 105955. https://doi.org/10.1016/j.ypmed.2019.10595
5(2020).

38. Muyeed, A. Z. in Encyclopedia of Public Health (ed Wilhelm Kirch) 14-17 (Springer, 2008).

39. Sterne, J. A. C. Meta-analysis in Stata: an updated collection from the Stata Journal. (StataCorp LP, 2009).

40. Riley, R. D., Higgins, J. P. T. & Deeks, J. J. Interpretation of random effects meta-analyses. BMJ 342, d549. https://doi.org/10.1136/
bmj.d549 (2011).

41. Palmer, S. E., Bycura, D. K. & Warren, M. A physical education intervention effects on correlates of physical activity and motiva-
tion. Health Promot. Pract. 19, 455-464. https://doi.org/10.1177/1524839917707740 (2017).

42. Martins, J. et al. A comparative study of participation in physical education classes among 170,347 adolescents from 54 low-,
middle-, and high-income countries. Int. ]. Environ. Res. Public Health https://doi.org/10.3390/ijerph17155579 (2020).

43. Bann, D,, Scholes, S., Fluharty, M. & Shure, N. Adolescents’ physical activity: cross-national comparisons of levels, distributions
and disparities across 52 countries. Int. J. Behav. Nutr. Phys. Act. 16, 141. https://doi.org/10.1186/512966-019-0897-z (2019).

44. Clennin, M. N. et al. Secular changes in physical education attendance among U.S. high school students, 1991-2015. Res. Q. Exerc.
Sport 89, 403-410. https://doi.org/10.1080/02701367.2018.1502411 (2018).

Acknowledgements

The authors would like to thank the US Centers for Disease Control and Prevention and the World Health
Organization for making the Global School-based Student Health Survey (GSHS) data publicly available for
analysis. The authors thank the GSHS country coordinators and other staff members. R.U. is supported by Alfred
Deakin Postdoctoral Research Fellowship. J.S. is supported by a National Health and Medical Research Council
Leadership Level 2 Fellowship (APP 1176885). S.M.S.1. is supported by the Institute for Physical Activity and
Nutrition, Deakin University and a post doctorate fellowship from the National Heart Foundation of Australia
(Award #102112).

Author contributions

R.U.: concept and design study, data analysis and interpretation, drafting manuscript, critical revision of man-
uscript, final approval; J.S.: data interpretation, critical revision of manuscript, final approval; S.M.S.1.: data
interpretation, critical revision of manuscript, final approval; A.K.: concept and design study, data analysis and
interpretation, statistical analysis, drafting manuscript, critical revision of manuscript, final approval.

Funding

This research received no external funding.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1038/s41598-020-79100-9.

Correspondence and requests for materials should be addressed to A.K.

Reprints and permissions information is available at www.nature.com/reprints.

Scientific Reports |

(2020) 10:22128 | https://doi.org/10.1038/s41598-020-79100-9 nature research


https://doi.org/10.3390/ijerph110101076
https://doi.org/10.1111/j.1746-1561.2009.00476.x
https://doi.org/10.1123/pes.2015-0207
https://doi.org/10.1123/pes.2015-0207
https://doi.org/10.1016/j.ypmed.2017.09.018
https://www.who.int/ncds/surveillance/gshs/en/
http://www.searo.who.int/entity/noncommunicable_diseases/events/2013-gshs-survey-implementation-english-updated.pdf
http://www.searo.who.int/entity/noncommunicable_diseases/events/2013-gshs-survey-implementation-english-updated.pdf
https://www.cdc.gov/gshs/
https://doi.org/10.1371/journal.pone.0213785
https://doi.org/10.1002/oby.22424
https://doi.org/10.1111/apa.14827
https://www.who.int/growthref/en/
https://www.who.int/growthref/en/
https://doi.org/10.1016/j.ypmed.2019.105955
https://doi.org/10.1016/j.ypmed.2019.105955
https://doi.org/10.1136/bmj.d549
https://doi.org/10.1136/bmj.d549
https://doi.org/10.1177/1524839917707740
https://doi.org/10.3390/ijerph17155579
https://doi.org/10.1186/s12966-019-0897-z
https://doi.org/10.1080/02701367.2018.1502411
https://doi.org/10.1038/s41598-020-79100-9
https://doi.org/10.1038/s41598-020-79100-9
www.nature.com/reprints

www.nature.com/scientificreports/

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

= License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

Scientific Reports|  (2020) 10:22128 | https://doi.org/10.1038/s41598-020-79100-9 natureresearch


http://creativecommons.org/licenses/by/4.0/

	Physical education class participation is associated with physical activity among adolescents in 65 countries
	Methods
	Data source. 
	Outcome measure—physical activity participation. 
	Study factor—physical education participation. 
	Covariates. 
	Statistical analyses. 
	Ethics approval and consent to participate. 

	Results
	Discussion
	Conclusions
	References
	Acknowledgements


