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Summary

Objective

Studies examining associations between movement behaviours (i.e. physical activity,
sedentary behaviour and sleep duration) and obesity focus on average values of these
movement behaviours, despite important within-country and between-country variability.
A better understanding of movement behaviour inequalities is important for developing
public health policies and behaviour-change interventions. The objective of this ecologic
analysis at the country level was to determine if inequality in movement behaviours is a
better correlate of obesity than average movement behaviour volume in children from
all inhabited continents of the world.

Methods

This multinational, cross-sectional study included 6,128 children 9–11 years of age.
Moderate-to-vigorous physical activity (MVPA), total sedentary time (SED) and sleep pe-
riod time were monitored over 7 consecutive days using waist-worn accelerometry.
Screen time was self-reported. Inequality in movement behaviours was determined using
Gini coefficients (ranging from 0 [complete equality] to 1 [complete inequality]).

Results

The largest inequality in movement behaviours was observed for screen time (Gini of
0.32; medium inequality), followed by MVPA (Gini of 0.21; low inequality), SED (Gini of
0.07; low inequality) and sleep period time (Gini of 0.05; low inequality). Average MVPA
(h d�1) was a better correlate of obesity than MVPA inequality (r = �0.77 vs. r = 0.00,
p = 0.03). Average SED (h d�1) was also a better correlate of obesity than SED inequality
(r = 0.52 vs. r = �0.32, p = 0.05). Differences in associations for screen time and sleep
period time were not statistically significant. MVPA in girls was found to be
disproportionally lower in countries with more MVPA inequality.

Conclusions

Findings from this study show that average MVPA and SED should continue to be used in
population health studies of children as they are better correlates of obesity than inequal-
ity in these behaviours. Moreover, the findings suggest that MVPA inequality could be
greatly reduced through increases in girls’ MVPA alone.

Keywords: Disparity, Gini coefficient, movement behaviours, paediatric population.

Introduction

Low levels of physical activity, excess sedentary
behaviour (especially screen time) and insufficient sleep
duration have all been associated with obesity in

children (1–3). Previous studies have focused on associ-
ations between average values of these movement be-
haviours and various health outcomes, despite
surveillance and population studies suggesting important
variability in physical activity, sedentary behaviour and
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sleep duration within and between countries (1,4,5).
Moving beyond average values of movement behaviours
and examining how levels of movement behaviours vary
within countries is a critical next step, while also testing
the relationships between movement behaviour inequality
and health outcomes such as obesity. This analytical ap-
proach can provide useful information, because recent
findings by Althoff et al. (6) showed that inequality in
physical activity was a stronger correlate of obesity than
with the use of mean values.

Althoff et al. (6) recently measured physical activity in
111 countries across the globe with the use of
smartphones with built-in accelerometry. They found in-
equality in how physical activity was distributed within
countries and that this inequality was a better correlate
of obesity prevalence (among 46 countries) in the popula-
tion than average physical activity volume (steps per day).
Lower physical activity levels in women contributed to a
large portion of the observed physical activity inequality
in their study (43%). However, whether inequalities in
sedentary behaviour and sleep duration are also more
predictive of obesity than average volume is currently un-
known. Althoff et al. (6) also relied on self-reported height
and weight to measure obesity, and their study was
mainly conducted in adults. The International Study of
Childhood Obesity, Lifestyle and the Environment
(ISCOLE) (7) provides a unique opportunity to address
this issue and the limitations of Althoff’s study. ISCOLE
is a collaboration among scientists from 12 countries
representing every inhabited continent, with children
spanning a wide range of socioeconomic and human de-
velopment, as well as geographic and cultural diversity.
ISCOLE also collected high-quality, objective measures
of movement behaviours and adiposity across all sites
using a standardized measurement protocol and rigorous
quality control program.

The objective of this ecologic analysis at the country
level was to quantify inequalities in the cumulative distri-
bution of objectively measured physical activity, seden-
tary behaviour and sleep duration in 12 countries from
six continents around the globe and examine the relation-
ships between movement behaviour inequality and objec-
tive measures of adiposity among children. Whether
movement behaviour inequality is a better correlate of obe-
sity prevalence than average movement behaviour volume
was also examined. As recently reported (6), it was hypoth-
esized that movement behaviour inequality, as assessed
by Gini coefficients, would be more predictive of obesity
than average movement behaviour volume in this multi-
national study of children. The Gini coefficient is a com-
mon measure of statistical dispersion and ranges from 0
(perfect equality, where all movement behaviour values
are the same in the population) to 1 (maximal inequality).

Methods

Study design and setting

International Study of Childhood Obesity, Lifestyle and
the Environment is a cross-sectional, multinational study
designed to examine the relationships between lifestyle
behaviours and obesity in 12 study sites located in
Australia, Brazil, Canada, China, Colombia, Finland,
India, Kenya, Portugal, South Africa, the United
Kingdom and the United States. The rationale, design
and methods of ISCOLE have previously been published
in detail elsewhere (7). The primary sampling frame was
schools, which were typically stratified by an indicator of
socioeconomic status to maximize variability within sites.
A standardized protocol was used to collect data across
all sites, and all study personnel underwent rigorous train-
ing and certification to ensure high-quality data. The
Pennington Biomedical Research Center Institutional Re-
view Board as well as Institutional/Ethical Review Boards
at each site approved the study. Written informed con-
sent was obtained from parents/legal guardians, and
child assent was also obtained as required by local ethics
review boards. Data were collected during the school
year at each study site and occurred between September
2011 and December 2013.

Participants

International Study of Childhood Obesity, Lifestyle and
the Environment recruitment targeted grade levels likely
to ensure minimal variability around a mean age of
10 years. All children within the targeted grade level in a
sampled school were eligible to participate; hence, the
sample included 9–11-year-old children. Based on a priori
sample size and power calculations (7), each site aimed to
recruit a sex-balanced sample of at least 500 children. Of
the 7,372 children who participated in ISCOLE, a total of
6,128 remained in the analytical sample after excluding
participants without valid accelerometry data
(n = 1,214), information on screen time (n = 25) and body
mass index (BMI) z-scores (n = 5). Except for significantly
higher BMI z-scores, children who were excluded for
missing data did not significantly differ from those who
were included in the present analysis.

Measurements

Physical activity, sedentary time and sleep duration

Moderate-to-vigorous physical activity (MVPA), total sed-
entary time and nocturnal sleep period time were all ob-
jectively assessed using 24-h, waist-worn accelerometry
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(8). An ActiGraph GT3X+ accelerometer (ActiGraph LLC,
Pensacola, FL, USA) was worn at the waist on an elasti-
cized belt at the right mid-axillary line. Participants were
encouraged to wear the accelerometer 24 h d�1

(removing only for water-based activities) for at least
7 d, including 2 weekend days. Overall, mean 24-h wear
time and wake wear time were 22.6 and 14.9 h d�1 in
ISCOLE, respectively. The minimal amount of daytime
data that was considered acceptable for inclusion was
at least 4 d with at least 10 h of wake wear time per
day, including at least 1 weekend day. Data were col-
lected at a sampling rate of 80 Hz, downloaded in 1-s
epochs with the low-frequency extension filter using the
ActiLife software version 5.6 or higher (ActiGraph LLC),
and reintegrated to 15- and 60-s epochs for analysis.

Sleep period time (hours per night) was first estimated
from the accelerometry data using 60-s epochs and a
fully automated algorithm for 24-h waist-worn accelerom-
eters that was developed and validated for ISCOLE (9,10).
This algorithm produces more precise estimates of sleep
period time than previous algorithms and captures total
sleep period time from sleep onset to sleep offset, includ-
ing all epochs and wakefulness after onset (9,10). The
weekly total sleep time averages were calculated using
only days where valid sleep was accumulated (i.e. total
sleep period time ≥160 min per night and >90% esti-
mated wear time) and only for participants with at least
3 nights of valid sleep, including 1 weekend night (Friday
or Saturday). After exclusion of total sleep period time
and awake non-wear time (any sequence of ≥20 consec-
utive minutes of 0 activity counts), MVPA was defined as
all activity ≥574 counts/15 s and total sedentary time as
all movement ≤25 counts/15 s, consistent with the widely
used Evenson cut-offs (11).

Finally, child-reported screen time was assessed using
questions from the US Youth Risk Behavior Surveillance
System (12). Children were asked to report how many
hours they typically watched TV, and how many hours
they played video games and/or used the computer per
weekday, and per weekend day. As previously reported
(13), a daily average screen time score was calculated
by weighting the responses for each question (2/7 for
weekend and 5/7 for weekday). Self-report methods of
quantifying screen time have been reported to have ac-
ceptable reliability and validity in children (14,15).

Inequality in physical activity, sedentary behaviour
and sleep duration

Inequality in movement behaviours was assessed using
the Gini coefficient (16,17), as it is the most commonly
used measure with which to quantify inequality and sta-
tistical dispersion (18). The Gini coefficient is based on

the Lorenz curve, which plots the share of the sample’s
total average movement behaviours that is cumulatively
recorded by the bottom X% of the sample. The Gini coef-
ficient is the ratio of the area that lies between the line of
equality and the Lorenz curve to the total area under the
line of equality. Scores for the Gini coefficient range from
0 (complete equality) to 1 (complete inequality). A Gini
coefficient of ≥0.5 is generally considered ‘high’, between
0.3 and 0.5 is considered ‘medium’ and <0.3 is
considered low.

Measurement of obesity

Body mass was measured with a Tanita SC-240 scale
(Arlington Heights, IL, USA), after all outer clothing, heavy
pocket items and shoes were removed. Body height was
measured without shoes using a Seca 213 portable
stadiometer (Hamburg, Germany), with the participant’s
head in the Frankfort horizontal plane. Each measurement
was repeated, and the average was used for analysis (a
third measurement was obtained if the first two measure-
ments were greater than 0.5 kg or 0.5 cm apart for body
mass and body height, respectively, and the average of
the two closest measurements was used for analysis).
BMI (kg m�2) was calculated, and BMI z-scores were
computed using age-specific and sex-specific reference
data from the World Health Organization (19). Participants
were classified as obese if the BMI z-score was greater
than +2 standard deviations (19). BMI (kg m‑2), per cent
body fat (bioelectrical impedance) and waist circumfer-
ence (cm) were also assessed in ISCOLE (7), and these
continuous variables were used for sensitivity analyses.

Statistical analysis

Statistical analyses were performed using R version 3.4.1
(The R Foundation for Statistical Computing, Vienna,
Austria) and JMP version 13 (SAS Institute, Cary, NC,
USA) for this ecologic study performed at the country
level. Descriptive characteristics of participants were
computed by study site. Pearson correlation coefficients
between movement behaviour inequality (Gini coeffi-
cients) and obesity prevalence were calculated. Average
daily movement behaviours (h d�1) were also correlated
with obesity prevalence for each site, and the correlation
coefficients between both methods were compared using
a Steiger’s Z-test (20). Analyses were conducted for the
full study sample and were also stratified by sex (boys
vs. girls) and income level (high-income vs. low/middle-
income countries). Finally, the proportion of variability
explained by the sex gap in the different movement
behaviours was computed using the r2 measure, i.e. by
regressing movement behaviour inequality (Gini
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coefficients; y-axis) on the sex gap in average daily
movement behaviour ([boys–girls/boys]) (h d�1; x-axis).
Effect sizes of correlation coefficients were considered
small (r = 0.1), medium (r = 0.3) or large (r = 0.5) (21).

Results

Table 1 presents descriptive characteristics of the sam-
ple stratified by study site. Obesity prevalence was low-
est in Finland (5.4%) and highest in China (24.5%).
Kenya (1.20 h d�1) and Finland (1.17 h d�1) had the
highest levels of MVPA among ISCOLE sites. Total sed-
entary time was highest in China (9.5 h d�1), while screen
time was highest in Brazil (~4 h d�1). Sleep period time
was shortest in Portugal (8.3 h per night) and longest in
the UK (9.5 h per night). Inequality for MVPA was highest
in Brazil (Gini coefficient of 0.24) and lowest in Canada
(Gini coefficient of 0.19). Inequality in screen time was
highest in China (Gini coefficient of 0.37) and lowest in
Colombia (Gini coefficient of 0.28). There was little in-
equality in total sedentary time and sleep period time. In
the full study sample (all sites combined), the largest in-
equality in movement behaviours was observed for
screen time (Gini coefficient of 0.32; medium inequality),
followed by MVPA time (Gini coefficient of 0.21; low in-
equality), total sedentary time (Gini coefficient of 0.07;
low inequality) and sleep period time (Gini coefficient of
0.05; low inequality).

Figure 1a shows the association between average
MVPA (h d�1) and obesity prevalence, while Figure 1b
shows the association between MVPA inequality (Gini in-
dex) and obesity prevalence. Boys and girls have been
combined for all analyses because the patterns of associ-
ations were very similar and we wanted to improve clarity.
Figure 1 clearly shows that average MVPA in hours per
day was a better correlate of obesity than MVPA inequal-
ity (r =�0.77 vs. r = 0.00, respectively). The difference be-
tween correlation coefficients was also significant
according to Steiger’s Z-test (p = 0.03). Figure 2 also
shows that average total sedentary time (h d�1) was a
better correlate of obesity than total sedentary time in-
equality (r = 0.52 vs. r = �0.32, respectively, and
p = 0.05 for the difference according to Steiger’s Z-test).
In contrast, Figure 3 shows that the association is stron-
ger for screen time inequality (r = 0.47) compared with av-
erage screen time (r = 0.05) for predicting obesity;
however, the difference was not significant (p = 0.33). Fi-
nally, there was no difference between average sleep pe-
riod time (r = �0.17) and sleep period time inequality
(r = �0.19) for predicting obesity (p = 0.96 with the
Steiger’s Z-test) (Figure 4).

The associations between movement behaviours and
obesity were also examined by country-level World Bank T
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classification of economic development (high-income
countries [Australia, United States, Canada, Finland,
United Kingdom, Portugal] vs. low/middle-income coun-
tries [Kenya, India, South Africa, China, Colombia,
Brazil]) (Figures S1–S4). Figure S1 (right panel) shows that
obesity was associated with greater MVPA inequality in
high-income countries while it was associated with lower
MVPA inequality in low/middle-income countries
(although not to a significant extent due to the small sam-
ple size in each group) (p = 0.007 with the Steiger’s Z-test
for the r comparison in the high-income country group).
Figure S2 shows inverse associations for average

sedentary time and sedentary time inequality; longer av-
erage sedentary time (h d�1) was associated with obesity,
while greater sedentary time inequality was associated
with lower obesity prevalence in both groups (p = 0.09
with the Steiger’s Z-test for the r comparison in
low/middle-income country group). No differences were
observed for screen time (Figure S3) or sleep period time
(Figure S4).

The proportion of variability explained by the sex gap in
the different movement behaviours was calculated using
the r2 measure (as described previously). It was observed
that 29% (MVPA), 0.4% (sedentary time), 0.2% (screen

Figure 1 Association between moderate-to-vigorous physical activity (MVPA) and obesity. Figure 1a (left panel) shows the correlation between
average MVPA and obesity, while Figure 1b (right panel) shows the correlation between MVPA inequality (Gini index) and obesity. Boys and girls
are combined for analysis. Correlation coefficients were compared using a Steiger’s Z-test (p = 0.029).

Figure 2 Association between total sedentary time and obesity. Figure 2a (left panel) shows the correlation between average sedentary time
and obesity, while Figure 2b (right panel) shows the correlation between sedentary time inequality (Gini index) and obesity. Boys and girls are
combined for analysis. Correlation coefficients were compared using a Steiger’s Z-test (p = 0.054).
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time) and 11% (sleep period time) of inequality were ex-
plained by the sex gap. This means that MVPA in girls is
disproportionally lower in countries with higher MVPA in-
equality (Figure S5). The relative sex gap ranges from 0.18
(Canada) to 0.38 (India).

Sensitivity analyses revealed that using total physical
activity time (light, moderate and vigorous combined) or
steps per day resulted in similar results as MVPA; hence,
only MVPA was used for the present paper. Likewise,
using average BMI, per cent body fat or waist circumfer-
ence (continuous measures) resulted in similar findings
to using obesity prevalence (data not shown). Finally,

using the MVPA threshold of Treuth et al. (22) rather than
the Evenson et al. (11) threshold, or the Centers for
Disease Control and Prevention (23) or the International
Obesity Task Force (24) cut-points for obesity instead of
the WHO threshold (19), resulted in similar patterns of
associations (data not shown).

Discussion

To our knowledge, the present study was the first to ex-
amine whether inequality in different movement behav-
iours was a better correlate of obesity prevalence than

Figure 3 Association between screen time and obesity. Figure 3a (left panel) shows the correlation between average screen time and obesity,
while Figure 3b (right panel) shows the correlation between screen time inequality (Gini index) and obesity. Boys and girls are combined for anal-
ysis. Correlation coefficients were compared using a Steiger’s Z-test (p = 0.331).

Figure 4 Association between sleep period time and obesity. Figure 4a (left panel) shows the correlation between average sleep period time and
obesity, while Figure 4b (right panel) shows the correlation between sleep period time inequality (Gini index) and obesity. Boys and girls are com-
bined for analysis. Correlation coefficients were compared using a Steiger’s Z-test (p = 0.965).
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average movement behaviour volume in children. Several
key findings emerged from this study. First, it was found
that the largest inequality in movement behaviours was
observed for screen time (Gini coefficient of 0.32; medium
inequality), followed by MVPA time (Gini coefficient of
0.21; low inequality), total sedentary time (Gini coefficient
of 0.07; low inequality) and sleep period time (Gini coeffi-
cient of 0.05; low inequality). Second, and in contrast to
our hypothesis, it was found that average MVPA and sed-
entary time (h d�1) were better correlates of obesity than
MVPA and sedentary time inequality (Gini index). Third,
differences in patterns of associations between
MVPA/sedentary time and obesity were observed ac-
cording to country-level World Bank classifications of
economic development (high-income countries vs.
low/middle-income countries). Finally, associations were
similar for boys and girls and with the use of other mea-
sures of adiposity; however, MVPA in girls was found to
be disproportionally lower in countries with higher MVPA
inequality.

The observation that average MVPA time and seden-
tary time were more predictive of obesity than inequality
in these movement behaviours is in contrast to our hy-
pothesis that was based on a recent paper by Althoff
et al. (6) involving mainly adults. Although they only used
steps per day as the measure of physical activity in their
study, they reported that inequality in activity (assessed
using smartphones) was a better correlate of obesity than
average activity volume. The relationships with steps per
day were also explored in the present study (sensitivity
analysis), and results were similar to those reported for
MVPA. Several aspects can explain these discrepant find-
ings. For example, ISCOLE only included 12 countries
(smaller sample size) and included children from
urban/suburban areas that were not necessarily repre-
sentative of the whole country. Furthermore, the variabil-
ity in Gini coefficients was larger in the Althoff et al.
study (the Gini coefficients for step count ranged from
0.22 to 0.32 in their study compared with 0.11 to 0.17 in
the present study). However, the findings are not directly
comparable because their study was mainly composed
of adults who were smartphone owners. Additionally,
the present study adds important knowledge by adding
other movement behaviours (not only step count) and by
having several objective measures of adiposity (not only
self-reported height and weight).

Moderate-to-vigorous physical activity is associated
with improved health outcomes in children, including ad-
iposity (25). Global physical activity guidelines call for a
minimum of 60 min d�1 in MVPA for health benefits in
school-aged children (26). The present data show that
daily MVPA time is strongly and inversely associated with
obesity prevalence (r = �0.77). However, while more

inequality in screen time was associated with obesity
(r = 0.47), less inequality in total sedentary time was asso-
ciated with obesity (r = �0.32). This inverse pattern could
be explained by the low Gini coefficients for total seden-
tary behaviour that limit extrapolations to be drawn.

The largest inequality in movement behaviours in
ISCOLE was observed for screen time (Gini coefficient
of 0.32; medium inequality), followed by MVPA (Gini coef-
ficient of 0.21; low inequality), total sedentary time (Gini
coefficient of 0.07; low inequality) and sleep period time
(Gini coefficient of 0.05; low inequality). This means that
there is less variability in sleep and sedentary time than
screen time and MVPA. While sleep and non-screen sed-
entary behaviour (e.g. homework) are obligatory daily ac-
tivities, screen-based sedentary behaviour and MVPA are
discretionary activities that can greatly vary between indi-
viduals. From a public health standpoint, intervention
strategies that aim to increase MVPA and decrease
screen time by reducing the inequality gap are thus im-
portant to achieve.

Differences in patterns of associations between MVPA
and/or sedentary time and obesity by country-level World
Bank classifications of economic development remind us
that public health policies and interventions aimed at im-
proving movement behaviours and health outcomes
should be context-specific and setting-specific. Interven-
tion strategies aimed at improving movement behaviours
in high-income countries may not necessarily work well in
low/middle-income countries.

Although our findings revealed similar patterns of asso-
ciations for boys and girls, MVPA in girls was found to be
disproportionally lower in countries with higher MVPA in-
equality; 29% of inequality in MVPA was explained by the
sex gap in the present study (compared with 43% in the
Althoff et al. study). Part of this difference is likely due to
the fact that the Althoff et al. study was based on
smartphones while the present study used waist-worn
accelerometers. Many women carry their phone in their
handbag, not on their body, so steps per day as mea-
sured by smartphones can be systematically
undercounted in many women. While lower MVPA levels
in girls compared with boys have been reported in several
countries (1,27), the sex gap in MVPA is amplified in
countries with lowMVPA levels and higher MVPA inequal-
ity. This suggests that MVPA inequality could be greatly
reduced through increases in girls’ MVPA alone, or alter-
natively that girls’ MVPA might be increased differentially
by population-level strategies.

This study has several strengths and limitations. An im-
portant strength is the multinational sample of children
from low-income to high-income countries across several
regions of the world. A highly standardized measurement
protocol and a rigorous quality control program were also
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used to ensure high-quality data across all sites (7).
Movement behaviours were accelerometer-determined
using an established 24-h waist-worn protocol (8), and
objective indicators of adiposity were used. However,
the present results need to be interpreted in light of the
following limitations. First, the cross-sectional nature of
the data precludes inferences about causality. Second,
a larger number of countries for this ecologic study per-
formed at the country level would have provided more
statistical power for some of the associations reported.
Third, self-reported measures of screen time were used,
which are prone to social desirability responding and recall
bias. Fourth, ISCOLE was not designed to provide nation-
ally representative data, thereby limiting generalizability.
Fifth, the narrow age range limits extrapolation of results
to other age groups. Finally, the possibility that the ob-
served associations are confounded by unmeasured vari-
ables is always a possibility in epidemiology.

In conclusion, findings from this study show that the
largest inequality in movement behaviours was observed
for screen time and MVPA in this multinational study of
children. Still, obesity was better predicted by average
MVPA and average total sedentary time than by inequality
in these movement behaviours. Finally, some differences
in patterns of associations were observed between
MVPA/sedentary time and obesity when stratified by
country-level of economic development, and MVPA in
girls was found to be disproportionally lower in countries
with higher MVPA inequality.
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Figure S1. Association between moderate-to-
vigorous physical activity (MVPA) and obesity strat-
ified by country-level World Bank classification of
economic development. The left panel shows the
correlation between average MVPA and obesity
while the right panel shows the correlation between
MVPA inequality (Gini index) and obesity. Boys and
girls are combined for analysis. High-income coun-
tries include Australia, United States, Canada,
Finland, United Kingdom and Portugal while
low/middle-income countries include Kenya, India,
South Africa, China, Colombia and Brazil. Correla-
tion coefficients were compared using a Steiger’s
Z-test (p = 0.007 for the comparison in high-income
countries and p = 0.418 for the comparison in
low/middle-income countries).
Figure S2. Association between total sedentary be-
havior and obesity stratified by country-level World

Bank classification of economic development. The
left panel shows the correlation between average
sedentary behavior and obesity while the right panel
shows the correlation between sedentary behavior
inequality (Gini index) and obesity. Boys and girls
are combined for analysis. High-income countries
include Australia, United States, Canada, Finland,
United Kingdom and Portugal while low/middle-
income countries include Kenya, India, South
Africa, China, Colombia and Brazil. Correlation co-
efficients were compared using a Steiger’s Z-test
(p = 0.273 for the comparison in high-income coun-
tries and p = 0.086 for the comparison in
low/middle-income countries).
Figure S3. Association between screen time and
obesity stratified by country-level World Bank clas-
sification of economic development. The left panel
shows the correlation between average screen time
and obesity while the right panel shows the correla-
tion between screen time inequality (Gini index) and
obesity. Boys and girls are combined for analysis.
High-income countries include Australia, United
States, Canada, Finland, United Kingdom and
Portugal while low/middle-income countries include
Kenya, India, South Africa, China, Colombia and
Brazil. Correlation coefficients were compared
using a Steiger’s Z-test (p = 0.272 for the compari-
son in high-income countries and p = 0.738 for the
comparison in low/middle-income countries).
Figure S4. Association between sleep period time
and obesity stratified by country-level World Bank
classification of economic development. The left
panel shows the correlation between average sleep
period time and obesity while the right panel shows
the correlation between sleep period time inequality
(Gini index) and obesity. Boys and girls are com-
bined for analysis. High-income countries include
Australia, United States, Canada, Finland, United
Kingdom and Portugal while low/middle-income
countries include Kenya, India, South Africa,
China, Colombia and Brazil. Correlation coefficients
were compared using a Steiger’s Z-test (p = 0.686
for the comparison in high-income countries and
p = 0.661 for the comparison in low/middle-
income countries).
Figure S5. Association between the sex gap in av-
erage moderate-to-vigorous physical activity
(MVPA) and MVPA inequality. The proportion of var-
iability explained by the sex gap in average MVPA
was 29%, indicating that MVPA in girls is
disproportionally lower in countries with high MVPA
inequality (such as Brazil, India, Kenya and South
Africa).
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