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ABSTRACT

Objective Quantify income-based inequalities in self-
reported moderate-to-vigorous physical activity (MVPA) in
England and the USA by sex.

Design Population-based cross-sectional study.
Participants 4019 adolescents aged 11-15 years in
England (Health Survey for England 2008, 2012, 2015) and
4312 aged 12—-17 years in the US (National Health and
Nutrition Examination Survey 2007-2016).

Main outcome measures Three aspects of MVPA: (1)
doing any, (2) average min/day (MVPA: including those
who did none) and (3) average min/day conditional

on participation (MVPA active). Using hurdle models,
inequalities were quantified using the absolute difference
in marginal means (average marginal effects).

Results In England, adolescents in high-income
households were more likely than those in low-income
households to have done any formal sports/exercise in
the last 7 days (boys: 11%; 95% Cl 4% to 17%; girls: 13%;
95% Cl 6% to 20%); girls in high-income households did
more than their low-income counterparts (MVPA: 6 min/
day, 95%Cl 2 to 9). Girls in low-income households spent
more time in informal activities than girls in high-income
households (MVPA: 21 min/day; 95% CI 10 to 33), while
boys in low-income versus high-income households spent
longer in active travel (MVPA: 21 min/week; 95% ClI 8 to
34). In the USA, in a typical week, recreational activity
was greater among high-income versus low-income
households (boys: 15 min/day; 95% Cl 6 to 24; girls:

19 min/day; 95% Cl 12 to 27). In contrast, adolescents in
low-income versus high-income households were more
likely to travel actively (boys: 11%; 95% Cl 3% to 19%;
girls: 10%; 95% Cl 3% to 17%) and do more.
Conclusions Policy actions and interventions are required
to increase MVPA across all income groups in England and
the USA. Differences in formal sports/exercise (England)
and recreational (USA) activities suggest that additional
efforts are required to reduce inequalities.

INTRODUCTION

Being physically active benefits mental, phys-
ical and social health in a dose-response
manner,' and is beneficial for higher academic
achievement,” yet global data for 2016 show
that more than 80% of school-going adoles-
cents aged 11-17 years did not meet the

Strengths and limitations of this study

» In contrast to single-equation regression modelling,
hurdle models are well suited to analysing quan-
titative variables such as time spent in moderate-
to-vigorous physical activity (MVPA) as separate
models are estimated for participation and the
amount of time spent active (conditional on crossing
the ‘hurdle’ of participation).

» This study applies hurdle models to nationally rep-
resentative data from England and the USA to esti-
mate inequalities in both aspects of MVPA among
adolescents.

» Self-reported data on physical activity may contain
recall and reporting (social desirability) bias.

» Causal inferences cannot be drawn, as this was a
descriptive study based on cross-sectional data.

WHO'’s daily minimum recommendation
of lhour of moderate-to vigorous-intensity
physical activity (MVPA).> Socioeconomic
inequalities in adolescent PA is an addi-
tional national and international concern®;
evidence suggests these are domain-specific,
with levels of self-reported activity in sports
especially higher among the most advan-
taged.” In addition, lower levels of PA among
adolescent girls is well documented.” Recent
evidence also suggests possible sex-specific
heterogeneity in inequalities; for example,
analysis of data from the US National Health
and Nutrition Examination Survey (NHANES
2007-2016) by Armstrong et al found lower
levels of recreational MVPA (among those
reporting any) in lower-income families
among girls aged 12-17 years, but no associa-
tion was noted among boys of the same age.’

No single factor explains the differences
in levels of adolescent PA across various indi-
cators of socioeconomic position (SEP).7
Previous literature has highlighted numerous
pathways through which different, but related,
aspects of SEP may impact on adolescent PA.

BM)

Scholes S, Mindell JS. BMJ Open 2021;11:€040540. doi:10.1136/bmjopen-2020-040540 1

1ybuAdoo

Ag paosloid seo1nas Arelqi 10N ¥e TZ0z ‘€z Arenigad uo /wod fwg uadolwg//:dny woly papeojumod “Tz0z Arenigad GT UO 0¥S0¥0-0202-uadolwag/9eTT 0T Se paysignd 1suy :uado rINg


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-7865-5264
http://orcid.org/0000-0002-7604-6131
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2020-040540&domain=pdf&date_stamp=2021-02-13
http://bmjopen.bmj.com/

First, the financial costs of taking part in formal, struc-
tured PA (eg, membership fees, sports equipment and
travel) can act as a barrier to the active involvement of
adolescents living in low-income households.” ® Second,
reduced opportunities for PA through lower access to
available, affordable and safe recreational facilities repre-
sent built environmental barriers for adolescents living
in more deprived areas.” Third, lower levels of parental
education may also act as a barrier among adolescents in
disadvantaged families throu%h lower knowledge of the
positive health benefits of PA.

While enabling assessment against PA recommen-
dations, grouping a quantitative variable such as the
minutes-per-day (min/day) that adolescents typically
spend engaged in MVPA into a binary or ordinal vari-
able loses information and weakens statistical power."”
Yet analysing the quantitative variable is also problem-
atic as MVPA distributions are not typically normally
distributed but contain a stack of zeros (adolescents not
doing any) and are positively skewed (high values for a
small number who are highly active)."" Such data can
be transformed to meet normality assumptions'' but
findings based on a single-equation regression model
cannot identify potentially different determinants for
participation and volume (ie, the product of frequency
and duration).'?

Hurdle models can handle quantitative MVPA data that
contains a stack of zeros and positive skewness, as sepa-
rate models can be fitted for the binary outcome of partic-
ipation and the quantitative outcome of the amount of
time spent active (conditional on crossing the ‘hurdle’ of
participation). Hurdle models have become the standard
approach in the health economics literature to modelling
dependent variables with excessive zeros and many posi-
tive values; for example, the study by Deb and Norton'?
applied hurdle models to the outcome of the number of
emergency department visits, finding differences between
treatment and control groups in the probability of going
to the emergency department, but no difference in the
number of visits for the minority who ever visited."” In
epidemiology, hurdle models have been applied to iden-
tify the correlates associated with the decision to engage
in ‘risky’ health behaviours (eg, cigarette and marijuana
use) and the potentially different correlates associated
with the quantity consumed among those who consume
any."* While previous studies have applied hurdle models
to MVPA data to examine the different correlates of
participation and volume,'” '® and also investigate trends
over time among adults in Queensland,'” few studies
have used hurdle models to estimate inequalities in these
different aspects of MVPA."® Our study is novel as no
epidemiological studies to date have used hurdle models
to examine inequalities in MVPA among adolescents, yet
such models could indicate, for example, whether adoles-
cents living in high-income households are more likely to
do any MVPA but, conditional on doing any, spend more
or less time on average in MVPA than their counterparts
in low-income households.'®

Using nationally representative cross-sectional data
for adolescents in England and the USA, we applied
sex-specific hurdle models to quantify and compare
income-based inequalities in self-reported total and
domain-specific MVPA. We hypothesised that adoles-
cents in high-income versus low-income households have
a higher propensity to do any, and that conditional on
taking part, spend more or less time on average being
active. We further hypothesised that the pattern and/or
magnitude of inequalities differ for boys and girls.

METHODS

Data sources and study populations

England

The Health Survey for England (HSE) is used to monitor
progress on numerous national health objectives,
including PA for younger (aged 2—4 years) and older
(5-15 years) children.'** Details of sample design and
data collection are described elsewhere.”? Briefly, new,
nationally representative samples of people living in
private households are drawn annually using multistage
stratified probability sampling. We used the most recent
surveys (2008, 2012, 2015) that included questions on
children’s PA.'%2! Up to two children aged 0-15 years
were selected at each household in 2008 and 2012; a
limit of four was used in 2015 (maximum two aged 13-15
years, interviewed directly and maximum two aged 0-12
years, where a parent/guardian provided the informa-
tion). Interviewers measured participants’ height and
weight and assessed demographics and health behaviours
including PA. The household response rate ranged from
64% in 2008 to 60% in 2015.

We restricted the analytical population in this study
to adolescents aged 11-15 years; participants aged 16
years or older are treated as adults, and so responded
to a different PA questionnaire. Participants gave verbal
consent for interview. Relevant national committees
granted research ethics approval prior to the surveys.

United States

The NHANES uses a complex, stratified, multistage prob-
ability cluster sampling design. Details on sample design
and data collection are described elsewhere.? Briefly, data
collection is based on a nationally representative sample
covering all ages of the civilian noninstitutionalised
population. During 2011-2014, non-Hispanic black,
non-Hispanic Asian and Hispanic persons, among other
groups, were oversampled. All eligible members within
a household were listed and a subsample of persons was
selected based on sex, age, race/ethnicity and income.”®
Written informed consent was obtained from all partici-
pants before participation.

We restricted the analytical population for this study
to adolescents aged 12-17 years (less detailed questions
are asked of 2-11year-olds via a parental proxy). As the
same PA questionnaire was used, we pooled five 2year
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cycles (2007-2008, 2009-2010, 2011-2012, 2013-2014,
2015-2016).

Differences in age range of HSE and NHANES participants

The age range of HSE (11-15 years) and NHANES
(12-17 years) participants was not matched in the present
study for a number of reasons. First, participants’ age was
available only in grouped form in the HSE 2015 dataset
(11-12 and 13-15 years), and so we could not use a lower
limit of 12 years to match NHANES. Second, we included
the 16-17year-olds in NHANES to increase the precision
of estimates (n=836; 34% of the analytical sample). The
upper limit of 17 years also matched previous USA® and
worldwide® studies. However, in HSE, those aged 16-17
years are asked a different set of questions on PA to those
administered to children aged 5-15.

Data collection and derivation of PA outcomes

Health Survey for England

Formal and informal activities

Adolescents (or their parents/guardians: hereafter
referred to as participants) were asked questions about
PA conducted outside school hours in the 7days prior to
the day of interview. Participants were presented with two
lists of physical activities: (1) formal activities: 10 specific
(eg, individual and team sports/exercise such as football,
workout with gym machines) plus up to five ‘other’ activ-
ities and (2) informal activities: nine specific activities
(eg, cycling excluding to/from school; walking excluding
to/from school; active play). For each activity identified,
participants were asked to recall on which days they took
part; and on each day, how long they spent engaged in
that activity (with no specified minimum duration). Each
activity was assumed to be at least moderately intensive.

Active travel (should be same level as "formal and informal
activities")

Participants who had been to school on at least 1day in
the 7 days prior to interview were asked whether they had
walked or cycled all or part of the way to or from school
on any of those days (positive responses: walking, cycling
or both). If the participants had walked, they were asked:
(1) the number of days they walked to school, (2) the
number of days they walked from school and (3) howlong
it usually takes to walk to school (an average was given if
the journeys to and from school differed). These ques-
tions were repeated for cycling. Each activity was assumed
to be at least moderately intensive.

Derivation of outcomes (same level as "formal and informal
activities")

Outcomes were domain-specific: formal activities;
informal activities and active travel. Due to the difference
in questionnaire format (daily assessment for formal and
informal activities; weekly for active travel), total MVPA
was calculated as the sum of formal and informal activities
only. This was truncated at 40 hours/week to minimise
unrealistic values. Weekly totals (expressed in minutes)
were divided by seven to calculate min/day. Time spent

in active travel was obtained by multiplying the number of
journeys (to and/or from school) by the usual time spent
travelling (expressed as min/week). Those who had not
attended school were included in all analyses but were
allocated zero time for active travel.?*

Prior to its introduction in HSE 2008, the PA ques-
tionnaire was tested in a validation study.” First, the
self-reported total time spent in MVPA assessed 1week
apart was found to have almost perfect internal validity
(reliability as assessed by the intraclass correlation coeffi-
cient (ICC)=0.83 among 127 children aged 4-15 years).
Second, in a comparison with accelerometer data, self-
reported MVPA showed moderate external validity
(ICC=0.56and 0.27 for boys and girls, respectively).

SEP and confounders (same level as "formal and informal
activities")

Household income was our chosen marker of SEP. The
household reference person reports annual gross house-
hold income via a showcard (31 bands ranging from ‘less
than £520’ to ‘£150 000+’). Household income was equiv-
alised (McClements scale®), and grouped into tertiles
(lowest, middle, highest). Body mass index (BMI) was
calculated from valid weight and height measurements
as weight in kilogrammes divided by height in metres
squared. Three weight status categories were derived
based on age (categorised in 6-month bands) and the
sex-specific UK National BMI centiles classification®”:
healthy weight (a BMI-for-age below the 85th percentile),
overweight (85th to below the 95th percentile) and obese
(295th percentile).

National Health and Nutrition Examination Survey (same level
as "Health Survey for England")

Global Physical Activity Questionnaire (same level as "formal and
informal)

An adapted version of the Global Physical Activity Ques-
tionnaire (GPAQ V2), developed by the WHO,* was
administered directly to 12-15years old at the Mobile
Examination Centre (MEC), and during in-home inter-
views to 16—17years old.® The GPAQ captures aerobic PA
in three domains: recreational, active transportation and
work (eg, paid or unpaid work, household chores, yard
work). For the recreational and work domains, partic-
ipants are asked whether they do any vigorous-intensity
activities (VPA) that ‘cause large increases in breathing
or heart rate for at least 10 min continuously’ in a typical
week; those answering positively, are asked on how many
days in a typical week they do VPA, and for how much
time they spend doing VPA on a typical day. Similar ques-
tions were asked for moderate-intensity activities: those
that ‘cause a small increase in breathing or heart rate’.
For active transportation, participants are asked whether
they walk or use a bicycle for at least 10 min continuously
to get to and from places; those answering positively, are
asked on how many days in a typical week they engage in
such travel, and for how much time they spend travelling
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actively on a typical day (walking and bicycling are not
assessed separately).

Outcomes were truncated at 40 hours/week to minimise
unrealistic values. Total MVPA was calculated as the sum
across the three domains. Frequency (number of days/
week) and duration (average min/day) were multiplied
and then divided by seven to calculate min/day MVPA for
total and domain-specific MVPA."!

Previous NHANES studies comparing self-report and
accelerometer data among adolescents used data from
the 2003-2004* and 2005-2006 cycles,” which predated
the introduction of the GPAQ V2 in 2007-2008. The first
version of the GPAQ, which contained the same structure
and domain approach as GPAQ V2, was found in a nine-
country study of adults aged 18-75 years to show good-
to-excellent test-retest reliability (Spearman’s r ranged
from 0.67 for total VPA to 0.81 for total transportrelated
PA) and fair (Spearman’s r=0.31) criterion validity from
pooled comparisons with pedometer data for total PA.*
To date, GPAQ V2 has been validated only in adult
populations, showing moderate validity and acceptable
short-term and long-term reliability,‘%l but no published
studies of its measurement properties have been based
on NHANES data.

SEP and confounders (same level as "formal and informal)
Household income was reported by the household
reference person. The inflation-adjusted family income-
to-poverty ratio (FIPR) is calculated by dividing family
income by a poverty measure specific for family size.
Larger FIPRs indicate higher income and was catego-
rised as in other studies®** as low (<1.3), middle (>1.3to
3.5) and high (>3.5) (high income). Race/ethnicity was
categorised as non-Hispanic white, non-Hispanic black,
Mexican-American and other. Three weight status cate-
gories were based on the Center for Disease Control and
Prevention’s (CDC) sex-specific 2000 BMI-for-age growth
charts for the USA™: healthy weight, overweight and
obese were defined analogously to that described above
for the HSE.

Statistical analysis

Sample characteristics

Data were pooled over the survey years to increase preci-
sion. Differences in missing data (PA or income) were
estimated by sex, age, race/ethnicity (USA), area depri-
vation (England), smoking status (whether ever smoked
cigarettes) and weight status (online supplemental tables
1 and 2 for England and the USA, respectively). Among
the analytical sample, differences in age, race/ethnicity
(USA) and weight status were estimated by income, using
Rao-Scott tests for independence.” To address potential
bias in the composition of the analytical sample, HSE
analyses were weighted using the appropriate selection
and non-response weight; NHANES analyses used the
combined 2-year MEC sample weights which account for
differential probabilities of selection, non-response and

differences between the final sample and the US civilian
non-institutionalised population.*’

Hurdle models (same level as sample characteristics)

To handle quantitative MVPA data that contains a stack
of zeros and positive skew, we used the Cragg hurdle
model,” which comprises two parts: a selection/partici-
pation model and a latent model. The former is used to
examine differences in the propensity for the quantita-
tive outcome to take positive values versus zero, while the
latter examines differences in the positive, non-zero part
of the distribution among those with non-zero values.

Zero-inflated Poisson (ZIP) and hurdle models are suit-
able for analysing outcomes which contain a large number
of zeros. An important factor in choosing between them
is the assumed nature of the zero observations.'* ZIP
models are suitable for outcomes where the subset of
observations with zero values are assumed to come from a
combination or mixture of two different latent classes: (1)
a group that might contain zero values due to sampling
variation; and (2) a group that always contains zero values
(ie, structural or ‘genuine’ zeros). In contrast, hurdle
models are suitable for outcomes such as min/day MVPA
where it is assumed that all zeros are structural (repre-
senting a decision not to engage in MVPA), so that the
propensity to engage in any MVPA is modelled separately
from the amount of time spent in MVPA conditional on
having crossed the ‘hurdle’ of participation.

Reflecting the difference in questionnaires, the lowest
(observed) value for positive MVPA was 5min in the last
week (ie, 0.7min/day) in HSE and 10 min in a typical
week (ie, 1.4min/day) in NHANES. In our analyses, the
selection model assessed the influence of household
income status on the binary outcome of participation
(any vs none), while the latent model assessed its influ-
ence on the amount of time spent active, conditional on
doing any MVPA (hereafter referred to as MVPA active).
We specified a probit model for the former and an expo-
nential form for the latter (ie, the natural logarithm of
MVPA was modelled by ordinary least squares regression).
Log-normal models are preferable to a linear form as
the positive part of MVPA distributions is typically highly
positively skewed; using a log-transformation obtains
normally distributed values, and imposes a positive sign
on the fitted values.'” *® Each model contained income
(as a three-category variable) and the confounders listed
above.

Based on the model estimates, three sets of marginal
means by income were calculated, evaluated at fixed
values of the confounders. These sets correspond to
different definitions of the expected value of MVPA':
(1) the probability of doing any; (2) the average min/
day MVPA for all participants (the unconditional mean),
including those who did none and (3) the average min/
day MVPA conditional on participation (MVPA active).
Average marginal effects (AMEs), representing inequali-
ties after adjustment for age,” % 5 weight-status or BMI®?’

and race/ethnicity® ***"* in the USA, were quantified by
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computing the absolute difference in the marginal means
(low-income households as reference).

We conducted sex-stratified analyses to investigate
heterogeneity in inequalities, as reported in a recent
study among adolescents and youth in the USA.® We
repeated our analysis using untruncated data to investi-
gate whether the truncation of MVPA at 40 hours/week
affected our findings.

Dataset preparation and analysis was performed in
SPSS V.22.0 (SPSS IBM) and Stata V.15.0 for the HSE; the
datasets generated and analysed herein are available via
the UK Data Service (http://www.ukdataservice.ac.uk),
subject to their end user license agreement.” ™' Stata
was used to prepare and analyse NHANES; datasets are
publicly available via the CDC website (https://www.cdc.
gov/nchs/nhanes). All analyses were performed using
the survey procedures to account for the complex survey
designs, including the geographical clustering of partici-
pants in primary sampling units and probability weights.
Two-sided p values <0.05 were considered statistically
significant. This manuscript was written according to the
Strengthening the Reporting of Observational Studies in
Epidemiology statement.

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research (which involves secondary analysis of existing
data).

RESULTS

Analytical samples

In England, 4897 adolescents aged 11-15 years partici-
pated in one of the three surveys (2008, 2012, 2015), of
whom 4874 had valid PA data. Of these, 855 had missing
income data and were excluded from our complete-case
analysis, leaving an analytical sample of 4019 adolescents.
In the USA, 4705 adolescents aged 12-17 had valid PA
data. Of these, 393 had missing income data and were
excluded from our complete-case analysis, leaving an
analytical sample of 4312 adolescents.

Online supplemental table 1 (England) and online
supplemental table 2 (USA) show the differences in char-
acteristics between adolescents excluded and included
in the analytical samples. Compared with those in the
analytical sample, adolescents interviewed in the HSE but
with missing data on MVPA (n=23) or household income
(n=855) were more likely to be older (p=0.019) and to
reside in the most deprived areas (p=0.001), but were
similar with regards to sex, weight status and smoking
status (all p>0.05). Adolescents interviewed in NHANES
but without data on MVPA (n=224) or household income
(n=393) were more likely than those with complete data
to be younger (p<0.001) and belong to a race/ethnic
group other than non-Hispanic white (p<0.001), but were
similar with regards to sex, weight status and smoking
status (all p>0.05).

Sample characteristics

Among the analytical sample, information on key demo-
graphics by household income status is presented in
table 1. In the USA, the distribution of adolescents by
race/ethnicity varied by income (p<0.001 for both sexes);
just over one-third of adolescents in low-income house-
holds were non-Hispanic white (34% boys; 38% girls)
compared with over three-quarters of adolescents in
high-income households (78% boys; 77% girls). Weight
status varied by income in both countries. In England,
53% of boys and 54% of girls in low-income households
were classified as having a healthy weight, compared with
65% of boys and 66% of girls in high-income households
(boys: p=0.033; girls: p<0.001). Similarly in the USA, 58%
of boys and 54% of girls in low-income households but
67% of boys and 75% of girls in high-income households
were classified as having a healthy weight (boys: p=0.033;
girls: p<0.001).

MVPA distributions

A minority of the analytical sample—66 (1.6%) and 101
(2.83%) adolescents in the HSE and NHANES datasets,
respectively—had values of MVPA above 40hours/week
(ie, 342.9min/day). Boys and girls in England spent 96
and 70min/day on average in total MVPA in the last
7 days, respectively; equivalent figures for total MVPA in
the USA were 100 and 67 min/day. However, each distri-
bution showed a stack of zeros (highest among girls in the
USA) and was positively skewed (figures 1-2).

Hurdle models

Table 2 (England) and table 3 (USA) show the AMEs from
the estimated hurdle models corresponding to the abso-
lute difference in the income-specific marginal means for
the binary outcome of participation (doing any vs none),
and the quantitative outcomes of MVPA (including those
who did none) and MVPA active (conditional on those
who did any). AMEs are shown graphically in figure 3
(England) and figure 4 (USA).

Inequalities in MVPA in England
Among both sexes, each of the three outcomes for total
(ie, formal and informal) MVPA showed similarities
by income after confounder adjustment. However, this
finding masked differences by sex, domain and outcome.
First, adolescents in high-income versus low-income
households were more likely to have done any formal
sports/exercise activity in the last 7days (AMEs boys:
11%; 95% CI 4% to 17%; girls: 13%; 95% CI 6% to 20%);
while girls in high-income households spent more time
being active than girls in low-income households did
(AME formal MVPA: 6 min/day, 95% CI 2 to 9). Second,
girls in low-income households spent more time in
informal activities than their counterparts in high-income
households (informal MVPA: 21 min/day; 95% CI 10 to
33; informal MVPA active: 21 min/day; 95% CI 9 to 33),
while the differences in informal activities among boys
were attenuated to the null. Third, higher levels of active
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Table 1 Key variables by income tertile and sex, Health Survey for England (2008, 2012, 2015) and National Health and
Nutrition Examination Survey (2007-2016) for the USA
Boys Girls
Income Income
All Lowest Middle Highest p All Lowest Middle Highest P
N (%) N (%) N (%) N (%) value* N (%) N (%) N (%) N (%) value*
England
Al 2387 (100) 714 (100) 725(100) 529 (100) - 2487 (100) 759 (100) 701 (100) 591 (100) —
Age-group
11-12 988 (41) 303(42) 311(42) 217 (39) 0.506 1040 (41) 308 (40) 309 (42) 259 (44) 0.915
13-15 1399 (59) 411(58) 414 (58) 312 (61) 1447 (59) 451 (60) 392 (58) 332 (56)
Weight statust
Healthy weight 1346 (57) 373 (53) 418(58) 335 (65) 0.033 1417 (58) 401 (54) 390(57) 385(66) <0.001
Overweight 340 (14) 103 (14) 105 (14) 82 (15) 357 (14) 97 (12) 116 (16) 86 (15)
Obese 415(17) 138(19) 122 (17) 75 (13) 378(15) 137 (18) 114 (16) 64 (10)
Missing 286 (12) 100 (14) 80 (12) 37 (7) 335(14) 124 (16) 81 (11) 56 (9)
USA
All 2431 (100) 917 (100) 796 (100) 509 (100) - 2274 (100) 862 (100) 775(100) 453 (100) -
Age group
12-15 1595 (67) 619 (67) 519(66) 334 (68) 0.738 1470 (65) 560 (64) 508 (67) 291 (63) 0.381
16-17 836 (33) 298 (33) 277 (34) 175(32) 804 (35) 302(36) 267 (33) 162 (37)
Race/ethnicity
Non-Hispanic white 689 (56) 192 (34) 223 (56) 246 (78) <0.001 617(58) 178(38) 217 (61) 201 (77) <0.001
Non-Hispanic black 618 (14) 263(22) 219 (15) 87 (6) 553 (14) 224 (20) 192 (14) 88 (8)
Mexican-American 536 (14) 250 (24) 177 (14) 45 (4) 535 (14) 264 (24) 173 (12) 38 (4)
Other 588 (16) 212(20) 177(15) 131(12) 569 (15) 196 (19) 193 (14) 126 (11)
Weight statust
Healthy weight 1422 (62) 515(58) 461 (62) 327 (67) 0.033 1306 (63) 455(54) 427 (59) 320(75) <0.001
Overweight 388 (17) 142 (16) 128 (17) 72 (15) 409 (17)  165(19) 148 (18) 64 (14)
Obese 518 (21) 219(26) 176 (20) 84 (18) 486 (20) 212(27) 177 (23) 56 (11)

Figures are column percentages. Sample sizes shown are unweighted.

*P values obtained using Rao-Scott tests for independence in two-way tables; P values for weight-status obtained excluding missing category.
THealthy weight (a BMI-for-age below the 85th percentile); overweight (85th to below the 95th percentile); obese (=95th percentile).

BMI, body mass index.

travel among boys in low-income versus high-income
households were found for each of the three outcomes.
The difference between boys in low-income versus high-
income households in the probability of having done
any active travel in the last 7days was 8% (95% CI 1%
to 15%). Among those who did any, boys in low-income
versus high-income households spent 20 min/week more
on average travelling actively (95% CI 2 to 38).

Inequalities in MVPA in the USA

Among both sexes, adolescents in high-income versus
low-income households were more likely to do any (total)
MVPA in a typical week (AMEs boys: 3%; 95% CI 0% to
6%; girls: 4%; 95% CI 0% to 7%); while girls in high-
income versius low-income households spend more time
being active (AMEs total MVPA: 16 min/day, 95% CI 5 to
26; total MVPA active: 14min/day, 95% CI 3 to 25). As in

England, the findings for total MVPA masked differences
by sex, domain and outcome.

First, higher levels of recreational MVPA in high-income
versus low-income households were evident among
both sexes and each outcome. For example, differences
between adolescents in high-income versus low-income
households in recreational MVPA were 15min/day in a
typical week (95% CI 6 to 24) among boys and 19min/
day (95% CI 12 to 27) among girls; differences in recre-
ational MVPA active were 12min/day (95% CI 2 to 21)
and 16min/day (95%CI 8 to 24) for boys and girls,
respectively.

Second, boys in high-income households were more
likely to do any work-based MVPA than their counterparts
in low-income households (AME 9%; 95% CI 2% to 16%),
yet the quantitative outcomes (MVPA and MVPA active)
showed similar levels by income. Third, adolescents in
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Figure 1 Distribution of minutes/day spent in moderate-to-
vigorous physical activity by sex in England.

low-income versus high-income households were more
likely to have taken part in active transportation (AMEs
boys: 11%; 95% CI 3% to 19%; girls: 10%; 95% CI 3%
to 17%). Among all participants (including those who
did none in a typical week), those in the lowest-income
versus highest-income households spent 7min/day more
in active travel (AMEs travel MVPA boys: 95% CI 3 to 12;
girls: 95% CI 4 to 9). Among those who did any, boys and
girls in low-income versus high-income households spent
8min/day (95% CI 1 to 14) and 11 min/day (95% CI 7 to
16) longer on average travelling actively in a typical week,
respectively.

Boys Girls

Proportion

.05+

0_
0 60 120 180 240 300 360 0 60 120 180 240 300 360
Minutes/day spent in moderate-to-vigorous intensity physical activity
Figure 2 Distribution of minutes/day spent in moderate-to-
vigorous physical activity by sex in the USA.

Sensitivity analysis

Our main findings were very similar in analyses using
untruncated data (see online supplemental tables 3 and 4
for England and the USA, respectively).

DISCUSSION

Using nationally representative data from adolescents
in England and the USA, sex-specific hurdle models
were applied to compare levels and inequalities in self-
reported total and domain-specific MVPA. We hypothe-
sised that adolescents in high-income households were
more likely to participate in MVPA and, conditional on
doing any, to spend more or less time on average being
active than their counterparts in low-income households.
We further hypothesised that the pattern and/or magni-
tude of inequalities differ for boys and girls. Our anal-
yses revealed a complex picture: differences in MVPA by
household income varied by sex, domain and outcome.
Levels of participation in any formal sports/exercise and
recreational MVPA were higher among adolescents in
high-income households in England and the USA, respec-
tively. In contrast, levels of active travel, among boys (but
not girls) in England and both sexes in the USA, were
higher in low-income households.

Comparisons with previous studies

Comparisons with previous studies are difficult due to
differences in study characteristics (eg, age range, SEP
indicators or use of objective, device-based measurement)
and analytical strategy. Bearing in mind this caveat, the low
levels of MVPA across all income groups presented herein
agree with other English and US studies. In England, data
from the HSE 2015 showed that 21% and 16% of boys
and girls aged 5-15 years, respectively, achieved the WHO
recommendation of at least 60 min of MVPA per day*'; US
data from the 2016 National Survey on Children’s Health
sho&ged an equivalent figure of 24% among 6-17years
old.

Income-based inequalities

Our findings of income-based inequalities in any formal
sports/exercise and recreational MVPA broadly agree
with the conclusions of the systematic review by Stals-
berg and Pedersen’ on the effects of different SEP
measures, for example, income, occupation and neigh-
bourhood, on adolescent PA.” More specifically with
regard to family/household income, US investigations
based on NHANES data showed lower reported involve-
ment in any recreational MVPA among 12-17 years old
in lower-income versus higher-income households,6 while
the opposite pattern was found for engagement in any
active transportation among 12-19 years old.” Based on
the 2012 NHANES and National Youth Fitness Survey
Wolfe et al® observed higher odds of low/poor cardio-
respiratory fitness among 3-15 years olds in low-income
and moderate-income versus high-income families.*® UK
studies of 7-8 years old using accelerometry found lower
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Table 2 Parameter estimates from multivariable hurdle models (any participation and amount of time spent active), Health

Survey for England 2008, 2012 and 2015

Unconditional: mean MVPA Conditional:
Any (%) min/day mean MVPA active min/day
AME (95%CIl)* P value AME (95% CI)* P value AME (95% CI)* P value

Boys
Total

Middle versus lowest 3 (0tob5) 0.022 6.3 (-10.2 to 22.8) 0.454 3.0 (-14.1 to 20.1) 0.731

Highest versus lowest -1(-4102) 0.592 0.9 (-14.0t0 15.7) 0.910 2.0(-18.1t017.2) 0.792
Please ident as for total Formal activities

Middle versus lowest 7 (1to13) 0.030 2.2 (-1.8t06.3) 0.284 -0.3 (-6.0t0 5.3) 0.910

Highest versus lowest 11 4 to 17) to 0.001 2.3(-1.7t06.2) 0.258 -2.4 (-7.7 10 2.9) 0.367
Please ident as for total Informal activities

Middle versus lowest 4 (1to8) 0.004 -0.8(-16.6 to 15.0) 0919  -5.8(-22.6to 11.0) 0.501

Highest versus lowest -3(-7to1) 0.207 -8.4 (-22.7 10 6.0) 0.252 -6.4 (-21.7 10 8.9) 0.410
Indent: Active travel

Middle versus lowest 1(-6to7)t 0.854 2.2 (-10.4to 14.7)t 0.732 2.4 (-13.5t0 18.3)t 0.766

Highest versus lowest -8 (-15to -1)T 0.022 -20.6 (-33.5t0 -7.7)t 0.002 -20.3(-38.4t0-2.2)t 0.028
Girls
Total

Middle versus lowest -2 (-5t00) 0.084 -5.4 (-19.6 to 8.8) 0.454 -3.1(-17.7 to 11.6) 0.682

Highest versus lowest 0(-2to 3) 0.958 -5.1(-18.5t08.3) 0.454 -5.4 (-19.1 t0 8.2) 0.437
Indent Formal activities

Middle versus lowest 4 (-2 to 10) 0.218 1.5(-1.3t0 4.4) 0.293 1.1 (-8.7t0 5.9) 0.658

Highest versus lowest 13 (6 to 20) <0.001 5.5(2.2108.8) 0.001 3.8(-1.3t08.9) 0.141
Indent Informal activities

Middle versus lowest -3(-6to1) 0.147 -11.6(-24.410 1.1) 0.074 -10.3 (-23.7 to 3.1) 0.132

Highest versus lowest -2 (-6to1) 0.198 -21.4(-32.9to0 -9.8) <0.001 -21.3(-33.410-9.2) 0.001
Indent Active travel

Middle versus lowest 4 (-2 to 10)T 0.225 13.5 (-0.1 to 27.2)t 0.052 15.0 (-3.4 to 33.3)t 0.110

Highest versus lowest 0(-7to 7t 0.969 -3.0 (-15.4 t0 9.5)t 0.637 -5.9(-22.9t0 11.2)t 0.501

*Adjusting for age and weight status. Missing weight status as additional category. AMEs evaluated at fixed values of the confounders: for
adolescents aged 11-12 years and having a healthy weight (a BMI-for-age below the 85th percentile). Positive AMEs indicate higher levels
of MVPA among adolescents in middle-income or highest-income households versus adolescents in low-income households. Comparisons

between adolescents in low-income versus high-income households can be obtained by changing the sign of the coefficients.

TEstimates for active travel are min/week.

AME, average marginal effect; BMI, body mass index; MVPA, moderate-to-vigorous physical activity.

levels of objectively measured VPA in lower-income versus
higher-income households,43 but no clear differences
by SEP in MVPA.* However, activity monitors do not
currently capture data on activity domain.

Inequalities using non-income variables

Inequalities in adolescent PA have also been observed
in studies using non-income based measures of SEP. In
the USA, lower levels of PA were observed among chil-
dren living in families with a health insurance status of
‘government/Medicaid’, ‘other’ or ‘none’ versus those
with private insurance.”” Our findings also agree with
worldwide studies which observed lower reported MVPA
accumulated outside-of-school among 15-16 years olds in

lower-wealth versus higher-wealth households,45 and lower
levels of activity frequency among 11, 13 and 15 years old
in the least-affluent versus most-affluent families.” The
lower levels of involvement of adolescent boys and girls
in lower-income versus higher-income households in any
formal MVPA presented herein corresponds with previous
analysis of HSE 2008 children aged 5-15 years using an
area-based deprivation measure.'” Our findings of diver-
gent patterns in the recreational and active transporta-
tion domains in the USA (favouring the higher-income
and lower-income households, respectively) correspond
with similar patterns found among adults aged 20+ years
using the same datasets as the present study (NHANES
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Table 3 Parameter estimates from multivariable hurdle models (any participation and amount of time spent active), NHANES

2007-2016
Unconditional: Mean MVPA  Conditional:
Any (%) min/day mean MVPA active min/day
AME (95% CI)* P value AME (95% CI)* P value AME (95% CI)* P value

Boys
Total

Middle versus lowest 1 (-2 to 3) 0.474 3.6 (-10.2 to 17.4) 0.606 2.7 (-10.9 to 16.4) 0.693

Highest versus lowest 3(0to6) 0.023 9.8 (-7.2 t0 26.8) 0.254 6.4 (-10.3t0 23.2) 0.449
Recreational

Middle versus lowest 3(-1to7) 0.148 10.2(2.8t0 17.6) 0.007 9.1 (1.2t0 17.0) 0.024

Highest versus lowest 6 (2to 10) 0.005 15.1 (5.8t024.3) 0.002 11.8 (2.2 to 21.4) 0.016
Work

Middle versus lowest 3(-3to9) 0.304 -1.7(-9.2t05.9) 0.657 —6.5 (-19.8 t0 6.9) 0.339

Highest versus lowest 9 (2to 16) 0.012 -1.1(-10.1t07.9) 0.808 -10.7 (-25.410 3.9) 0.149
Ident as for recreational and work Active transport

Middle versus lowest -9 (=14 to -5) <0.001 -5.3(-9.1to -1.5) 0.007 -4.5(-10.1 t0 1.0) 0.108

Highest versus lowest -11 (=19 to -3) 0.005 -7.1(-11.6t0o-2.7)  0.002 -7.7(-143to-1.1) 0.024
Girls
Total

Middle versus lowest 2(0tob) 0.061 11.3 (1.6 to 21.0) 0.022 10.0 (-0.1 to 20.1) 0.052

Highest versus lowest 4(0to7) 0.034 15.8 (5.1 to 26.4) 0.004 138.7 (2.7 to 24.7) 0.015
Ident as above Recreational

Middle versus lowest 6 (2to 10) 0.005 11.4(3.9to0 18.9) 0.003 9.6 (1.1 to 18.1) 0.027

Highest versus lowest 10 (5to 16) <0.001 19.5 (11.8 to 27.1) <0.001 15.7 (7.7 to 23.6) <0.001
Work

Middle versus lowest 3 (-31t0 8) 0.351 1.6 (-3.0t0 6.2) 0.499 1.4 (-8.4t011.1) 0.778

Highest versus lowest 6 (-11to 13) 0.077 0.9 (-3.8t05.7) 0.700 -3.4 (-13.1t06.2) 0.478
Indent Active transport

Middle versus lowest -2 (-8 to 5) 0.624 -2.4(-5.3t00.5) 0.102 -4.6 (-9.910 0.7) 0.085

Highest versus lowest -10 (=17 to -3) 0.007 -6.7(-95t0-3.9) <0.001 -11.4(-16.3t0-6.6) <0.001

*Adjusting for age, race/ethnicity and weight status. AMEs evaluated at fixed values of the confounders: for adolescents aged 12-15 years,
non-Hispanic white, and having a healthy weight (a BMI-for-age below the 85th percentile). Positive AMEs indicate higher levels of MVPA
among adolescents in middle-income or highest-income households versus adolescents in low-income households. Comparisons between
adolescents in low-income versus high-income households can be obtained by changing the sign of the coefficients.

AME, average marginal effect; BMI, body mass index; MVPA, moderate-to-vigorous physical activity; NHANES, National Health and Nutrition

Examination Survey.

2007-2016) but with highest educational attainment as
the SEP measure.*® The higher levels of active travel for
boys in low-income households in England shown in the
present study agrees with findings of a greater likelihood

of active travel among adults in more deprived areas in
Scotland."’

Sex-specific inequalities in MVPA

Most studies examining inequalities in adolescent MVPA
adjusted for sex in their multivariable analyses.”* ** In the
present study, inequalities in the average time spent in
formal MVPA (including those who did none) in England
were evident among girls, but not among boys. This
finding is in agreement with a previous US study, which

showed income-based inequalities in the average min/
day spent in recreational MVPA (among those reporting
any) among girls aged 12-17 years, but not among boys.’

Our novel use of hurdle models adds to recent liter-
ature by showing the domain-specific and outcome-
specific nature of inequalities in adolescent MVPA by sex.
For example, boys in England in high-income households
were more likely to do any formal sports/exercise MVPA
than their counterparts in low-income households; while
the amount of time spent doing sports/exercise showed
no difference by income among those who did any. In
contrast, inequalities in recreational activity in the USA
exist for both sexes in participation and in time spent

Scholes S, Mindell JS. BMJ Open 2021;11:€040540. doi:10.1136/bmjopen-2020-040540

9

1ybuAdoo
Ag parosloid 'seo1nas Arelqi 10N ¥e TZ0g ‘€z Arenigad uo /wod fwg uadolwgy:dny woly papeojumod “Tz0z Arenigad GT UO 0¥S0¥0-0202-uadolwag/9eTT 0T Se paysignd 1suy :uado rINg


http://bmjopen.bmj.com/

Boys

1

i AME (95% Cl)

1

i
Total (formal + informal): i
Any participation (%) -+ -1.0 (-4.0, 2.0)
MVPA (min/day) —lh— 0.9 (-14.0, 15.7)
MVPA-active (min/day) —IF— 2.0(-13.1,17.2)
Formal activities: i
Any participation (%) i —- 11.0 (4.0, 17.0)
MVPA (min/day) J:I- 2.3(-1.7,6.2)
MVPA-active (min/day) —I:— -2.4(-7.7,2.9)
Informal activities: i
Any participation (%) -li- -3.0(-7.0, 1.0)
MVPA (min/day) —-—i— -8.4(-22.7,6.0)
MVPA-active (min/day) —I—i— -6.4 (-21.7, 8.9)
Active travel: :
Any participation (%) +i -8.0(-15.0, -1.0)
MVPA (min/week) —a— -20.6 (-33.5,-7.7)
MVPA-active (min/week) —_— -20.3 (-38.4,-2.2)

Girls

AME (95% Cl)

Total (formal + informal):

Any participation (%) 0.0 (-2.0,3.0)
MVPA (min/day) -5.1(-18.5, 8.3)
MVPA-active (min/day) -5.4(-19.1, 8.2)
Formal activities: i

Any participation (%) i —-— 13.0(6.0, 20.0)
MVPA (min/day) i - 5.5(2.2,8.8)
MVPA-active (min/day) -i-I— 3.8(-1.3,8.9)
Informal activities: i

Any participation (%) -l:- -2.0(-6.0, 1.0)
MVPA (min/day) — i -21.4(-32.9,-9.8)
MVPA-active (min/day) —_— i -21.3(-33.4,-9.2)
Active travel: :

Any participation (%) —;— 0.0(-7.0,7.0)
MVPA (min/week) —Ii— -3.0(-15.4,9.5)
MVPA-active (min/week) —I—é— -5.9(-22.9, 11.2)

Figure 3 Average marginal effects (AMEs) for three outcomes of moderate-to-vigorous physical activity by sex in England.

MVPA, moderate-to-vigorous physical activity.

being active. Such findings illustrate the limitations
of using single equation regression models when the
determinants for participation and volume may differ.
Decomposing the single quantitative MVPA variable via
hurdle modelling can therefore potentially shed light on
the determinants of inequalities in the lower tail of the
distribution (drivers of inactivity) and those impacting
the positive, non-zero, part of the distribution, implying
potentially different solutions to reduce inequalities.*®

Mechanisms and implications for policy

There are numerous pathways through which markers of
SEP such as household income impact on PA. Differences
in financial/wealth resources and the built environment,
including those driving inequalities in opportunity and
access to affordable facilities and safe public outdoor
spaces,” are likely key modifiable determinants of inequal-
ities in formal (England) and recreational (US) activities.
Higher levels of active travel in low-income households
likely reflect lower car ownership.” Improving overall
levels of PA and reducing inequalities requires policy
actions and interventions to ensure low barriers of entry
(eg, provision of sports facilities* and after-school clubs”
that are free for anyone to use) and adequate support to
enable adolescents to ‘move more and sit less’.”" Tackling
income-based inequalities would also require tackling
disparities in PA by the correlated dimension of race/
ethnicity.”® Analyses of NHANES 2011-2012 data show

lower levels of adolescent MVPA among non-Hispanic
Blacks, Hispanics and Asians compared with non-Hispanic
white populations.™

Formal interventions in cluster-randomised controlled
trials aimed at increasing levels of PA among adolescents
have included additional physical education classes (the
KISSand STOPP trialsin Switzerland” and in Stockholm,”
respectively); exercise classes before and after school as
well as at lunch breaks (the TAAG trial in the USA), and
peer-mentoring and participative learning (the MOVE
project™). While such interventions can fit rather easily
within the school curriculum and are relatively inexpen-
sive, the meta-analysis by Love et al concluded that such
interventions have been ineffective among school-aged
children and adolescents (aged 6-18years at baseline)
across both sexes and all SEP groups in increasing levels
of accelerometer-assessed daily MVPA.”’

According to WHO in their global action plan on
PA (GAPPA),”® reducing inequalities requires both
population-based policy actions to tackle the ‘upstream’
determinants that shape the equity of opportunities for
PA and support for ‘downstream’ individually focused
(educational and informational) interventions, with both
implemented according to the principle of proportional
universality. Examples of the former include encour-
aging non-motorised travel modes (through better road
connectivity and improved provision of cycling and
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Boys Girls
I 1
I 1
: AME (95% Cl) ' AME (95% C1)
I 1
I 1
I 1
I 1
Total: : Total: :
I 1
Any participation (%) :-l- 3.0(0.0, 6.0) Any participation (%) :-.- 4.0(0.0,7.0)
I 1
MVPA (min/day) —f—.— 9.8(-7.2,26.8) MVPA (min/day) : —— 15.8(5.1,26.4)
I 1
MVPA-active (min/day) + 6.4(-10.3, 23.2) MVPA-active (min/day) : —a— 13.7 (2.7, 24.7)
I 1
Recreational: : Recreational: :
I 1
Any participation (%) : - 6.0 (2.0,10.0) Any participation (%) I - 10.0 (5.0, 16.0)
1
I 1
MVPA (min/day) | —— 15.1(5.8, 24.3) MVPA (min/day) 1 ——  19.5(11.8,27.1)
I 1
I 1
MVPA-active (min/day) | —— 11.8(2.2,21.4) MVPA-active (min/day) - —— 15.7 (7.7, 23.6)
I 1
I 1
Work: | Work: 1
I 1
I 1
Any participation (%) | —— 9.0(2.0,16.0) Any participation (%) —i— 6.0(-1.0, 13.0)
I 1
MVPA (min/day) —a— 1.1(-10.1,7.9) MVPA (min/day) - 0.9(-3.8,5.7)
I 1
MVPA-active (min/day) —a— 107 (-25.4,3.9) MVPA-active (min/day) I 3.4(13.1,6.2)
I 1
Active transport: : Active transport: :
I 1
Any participation (%) —- -11.0(-19.0,-3.0) Any participation (%) —.— -10.0 (-17.0,-3.0)
I 1
MVPA (min/day) -- | -7.1(-11.6,-2.7) MVPA (min/day) - | 6.7 (-9.5,-3.9)
I 1
MVPA-active (min/day) +: -7.7 (-14.3,-1.1) MVPA-active (min/day) - : -11.4(-16.3, -6.6)
I 1
. \
T T T T T T T T T T
30 15 0 15 30 30 15 0 15 30

Figure 4 Average marginal effects (AMEs) for three outcomes of moderate-to-vigorous physical activity by sex in the USA.

MVPA, moderate-to-vigorous physical activity.

walking infrastructure such as segregated cycle lanes and
improved road safety through traffic free routes,” with a
priority focus on travel routes around educational facili-
ties™), and creating more opportunities for PA in public
open spaces and local community settings.’ S5T60 1 the
UK, the National Institute for Health and Care Excel-
lence (NICE) recommended over a decade ago that key
stakeholders should identify and work with groups of
local children and young people (including those from
lower socioeconomic groups) who are insufficiently
active in order to: (1) understand the factors that help or
prevent them from being physically active and (2) involve
them in the design, planning and delivery of safe indoor
and outdoor opportunities for MVPA that can tackle any
inequalities in provision.”!

Further research may be needed to identify the path-
ways through which economic and non-economic factors
potentially result in fewer opportunities (at school and in
the local community) for MVPA that meet the needs and
interests of adolescent girls.” The recommendations set
out by NICE to increase opportunities for MVPA among
girls and young women included delivery of single-
gender as well as mixed-gender activities, and provision
of opportunities in easily accessible community settings
with appropriate changing facilities offering privacy.”'
Guthold et af’ describe social marketing campaigns (eg,
the This Girl Can! Campaign in the UK) combined with
multicomponent intervention strategies ‘as the starting

points to increase levels of PA in girls’, and is a core
recommendation of the GAPPA.”

Strengths and limitations

Strengths of our study include the use of nationally repre-
sentative data across PA domains. Although it is well
known that MVPA distributions typically contain excess
zeros and positive skew, no epidemiological studies to
date have applied hurdle models to assess the different
aspects of adolescent MVPA (participation and volume)
and estimate inequalities in these. Hurdle models avoid
the loss of information and statistical power that occurs
when the quantitative MVPA variable is grouped into a
binary variable, transformed to meet the assumption of
normality,'" or when analysed in a single-equation model.”
By examining these different aspects of MVPA across PA
domains (eg, recreational, work and travel) by household
income in sex-stratified analyses our study responds to the
call by the WHO for strengthened reporting of disaggre-
gated data to reflect the priority of the GAPPA to reduce
within-country disparities and to reduce levels of inac-
tivity among the least active populations.”

Caution is required, however, when interpreting our
findings. First, self-reported PA data has well-known limita-
tions such as recall and reporting (social desirability)
bias®; this may be socially patterned, thereby potentially
upwardly or downwardly biasing our estimates of inequal-
ities. Second, the analytical sample sizes (reduced further
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by missing PA or income data) means our findings will
be statistically underpowered to some extent despite the
pooling of data across survey years. Third, the analytical
samples (aged 11-15 and 12-17 in England and the USA,
respectively) and PA outcomes were different across the
two countries. However, our aim was to compare inequal-
ities rather than levels of MVPA. Fourth, the choice of
potential confounders was limited by data availability.
We were unable to provide separate estimates by race/
ethnicity using NHANES data or examine any potential
moderation of income inequalities. Fifth, our findings
are contingent on HSE and NHANES data collection
methods, including the exclusion of in-school MVPA and
the assumption that all activities were of at least moderate
intensity (HSE), the minimum duration of 10min in
NHANES (in accord with the contemporaneous US
guidance®” but differing from recent guidelines which
acknowledge that PA of any duration enhances health®),
and the inability to specifically focus on inequalities in PA
that typically require financial resources (both datasets).
We acknowledge that different definitions may have led
to different conclusions. Finally, we cannot draw causal
inferences, as this was a descriptive study based on cross-
sectional data.

CONCLUSIONS

Participation in formal sports/exercise and recreational
MVPA was higher among adolescents in high-income
households in England and the USA, respectively. Our
findings may assist policy-makers to identify and commis-
sion tailored policy actions and interventions to reduce
inequalities, and our methods could be used by practi-
tioners to monitor and evaluate their impact.

Twitter Jennifer S Mindell @j_mindell
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