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ABSTRACT

Objectives: To examine the associations between
socioeconomic position (SEP) and multidomain self-
reported and objectively-assessed sedentary time (ST).
Design: Cross-sectional.

Setting: General population households in England.
Participants: 2289 adults aged 16-96 years who
participated in the 2008 Health Survey for England.
Outcomes: Accelerometer-measured ST, and self-
reported television time, non-television leisure-time
sitting and occupational sitting/standing. We examined
multivariable associations between household income,
social class, education, area deprivation for each SEP
indicator (including a 5-point composite SEP score
computed by aggregating individual SEP indicators)
and each ST indicator using generalised linear models.
Results: Accelerometry-measured total ST and
occupational sitting/standing were positively associated
with SEP score and most of its constituent SEP
indicators, while television time was negatively
associated with SEP score and education level. Area-
level deprivation was largely unrelated to ST. Those in
the lowest composite SEP group spent 64 (95% Cls
52 to 76) and 72 (48 to 98), fewer minutes/day in total
ST and occupational sitting/standing compared to
those in the top SEP group, and an additional 48
(35-60) min/day watching television (p<0.001 for
linear trend). Stratified analyses showed that these
associations between composite SEP score and total
ST were evident only among participants who were in
employment.

Conclusions: Occupational sitting seems to drive the
positive association between SEP and total ST. Lower
SEP is linked to higher TV viewing times.

INTRODUCTION

Recent studies show that sedentary time (ST)
(defined as an energy expenditure rate below
1.5 metabolic equivalents,1 often charac-
terised by activities involving sitting) is linked

Strengths and limitations of this study

m First study of its kind to use objective sedentary
behaviour measurements.
= Broad range of self-reported sedentary behaviour

types.
m Broad set of socioeconomic status markers

including area-level deprivation.

= This is a cross-sectional design.

= The occupational sedentary time question and
accelerometry cannot differentiate  between
sitting and standing.

2-! 3

to increased all-cause®” and cardiovascular®
mortality risk independently of leisure-time
physical activity participation. Television
viewing, one of the most common ST activ-
ities, has been specifically linked to all-cause
and cardiovascular mortality and type 2 dia-
betes.” Objective data show that adults in
England spend approximately 9-10h a day
being sedentary on average, out of which
approximately 4 h/day is TV watching.7 8
Assuming that the average waking day lasts for
16 h, total ST accounts for some 55-65% of
total waking time. For working age adults a
substantial proportion of total ST takes place
while at work, 56% of working English men
and 50% of women report more than 5 h/day
being sedentary while at work.”
Socioeconomic position (SEP) is a broad
term that encompasses a range of character-
istics, including occupational type and
employment status, purchasing capacity and
ownership, educational level and deprivation.
Accordingly, there are several SEP indices
each of which measures different aspects of
social standing. Overall, SEP is a strong pre-
dictor of premature mortality and chronic
disease occurrence including cardiovascular
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disease (CVD)? and diabetes' with individuals in lower
SEP being considerably more likely to fall ill and die pre-
maturely. Although there is no consensus on the origins
of the socioeconomic gradient in health, one of the sug-
gested pathways involves higher prevalence of poor
health behaviours (eg, physical inactivity and smoking)
among lower socioeconomic groups.

We have previously shown that lower SEP is linked con-
sistently with increased TV viewing and other recre-
ational screen time in Scottish adults,'”” a finding that
has been confirmed by studies in other countries such
as Belgium,lg Australia'* '® and the USA'® that used TV
as a proxy for ST. However, these findings are not neces-
sarily generalisable to overall sedentary or sitting time
because TV viewing is a complex exposure that seems to
be a poor index of overall ST!” In a recent US study
comparing associations between TV time and objectively
measured ST, associations were of fair magnitude, but
were not consistent across population subgroups.'® The
results of the few studies that looked at overall (self-
reported) sitting in relation to SEP are inconsistent.
Higher social position was linked to higher overall
sitting time among Australian women'? but education
level was unrelated to sitting time among Portuguese
adults.”” Objective measuring methodologies such as
accelerometers and inclinometers can give more com-
prehensive and complete estimates of total sedentary
behaviour than partial self-reported indices such as TV
viewing, or self-reported total sitting time, which may be
more difficult to recall than TV viewing and therefore
be subject to more measurement error. Besides, SEP
characteristics that relate to occupational class and
income will naturally have an impact on work time
sitting. For example, manual unskilled workers normally
spend less time sitting during work than professionals in
managerial office-based jobs.”' Similarly, higher incomes
and the associated spending capacity might impact on
the time spent sitting driving a car or commuting. To
the best of our knowledge, no study has looked at the
associations between SEP defined using education, occu-
pational class, income and area deprivation indices, and
SB estimated using self-reported sitting across different
domains as well as objective methods.

The aim of this study was to look at the associations
between multiple SEP indicators and self-reported
indices of sitting time and SB as well as
objectively-assessed total SB time. We used data from
one of the largest European accelerometry general
population studies, the 2008 Health Survey for England.

METHODS

Study sample

The Health Survey for England (HSE) is a repeated
nationally representative study of individuals living in
private households in England. We drew our sample
from the 2008 HSE which had a special focus on phys-
ical activity and sedentary behaviour. The sample is

drawn using multistage stratified probability sampling
with postcode sectors as the primary sampling unit.
More details of the sample design are available else-
where.® The overall interview household response rate
for the main sample of 15 102 adults was 64%, and for
the accelerometer subsample of 4507 adults was 73%."
In this analysis, we included adults aged 16 and above
(age range 16-96 years) who had valid accelerometry
and self-reported SB data. Participants provided written
informed consent. An abridged methods section is pre-
sented here: the full methods section with more infor-
mation can be found in online supplementary file Sl
(Unabridged Methods).

Demographics and contextual variables

Trained fieldworkers assessed participants’ demograph-
ics, self-rated health, long standing illness, alcohol con-
sumption and smoking using Computer Assisted
Personal Interviewing.

Height was measured using a standard stadiometer
with a sliding head plate, a base plate and three con-
necting rods marked with a metric measuring scale.
Participants were asked to remove their shoes. One
measurement was taken, with the participant stretching
to the maximum height. Weight was measured using
Tanita electronic scales with a digital display (Tanita
Corporation, Japan). Participants were asked to remove
their shoes and any bulky clothing and a single measure-
ment was recorded to the nearest 100 g.7 Body mass
index (BMI) was computed as weight (kilograms)
divided by squared height (metres).

SEP measures

Social class (of the household reference person) was
determined by asking questions on participants’ occupa-
tion and using the Registrar General’s classification to
group them as I&II (professional and managerial/tech-
nical), III non-manual, IIl manual, IV&V (semiskilled
manual and unskilled manual). Equivalised household
income was grouped into quintiles. Highest education
qualification was coded as no qualification and three
levels: level 1 represents secondary school or below
(National Vocational Qualification (NVQ) 1/Certificate
of Secondary Education (CSE) and NVQ2/General
Certificate of Education (GCE) O level equivalent); level
2 represents postcompulsory secondary school (NVQ3/
GCE A level equivalent) and level 3 represents higher
education (higher education below degree and NVQ4/
NVQ5/degree or higher). Area deprivation was assessed
using the 2004 Index of Multiple Deprivation (IMD), a
continuous score that we grouped into quintiles (1
representing the most deprived quintile, and 5 repre-
senting the least deprived).

ST and physical activity measures

A random subsample of HSE 2008 participants were
selected to wear a uniaxial accelerometer (Actigraph
model GT1M, Pensacola, Florida) during waking hours
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for seven consecutive days. Consistent with previous epi-
demiological SB studies,”® the sampling epoch was
1 min and non-wear time was defined as periods of at
least 60 consecutive minutes of zero minutely counts,
with allowance for up to 2 consecutive minutes of 1-100
counts/min. For a day to be ‘valid’ for inclusion in the
analyses, participants had to have worn the accelerom-
eter for a minimum of 600 min. Participants with at least
1 day of valid wear were included in these analyses.*

Self-reported ST was assessed using a set of questions
on the usual week/weekend day in the past 4 weeks
prior to the interview time spent on: (1) TV (including
DVDs and videos) viewing; and (2) any other sitting
during non-work times, including reading and computer
use. For those participants who were economically active
another set of questions assessed the average daily times
spent sitting or standing while at work.'” While it is not
ideal to include standing as a measure of ST, it is often
necessitated by the unavailability of sitting-specific data,
and standing is routinely included in objectively mea-
sured sedentary data as accelerometers are unable to dif-
ferentiate between time spent sitting or standing. Like
preViously17 for the purposes of this study standing will
be considered a measure of sedentary behaviour.

Physical activity questions included frequency
(number of days in the past 4 weeks) and duration
(min/day) of participation in walking for any purpose,
domestic physical activity,’® ** and any recreational
sports and exercise including cycling for any purpose.24
Both the physical activity and the ST questions have
been validated against accelerometry.”

Data handling

Regrouping the SEP variables

Owing to small numbers of observations, the top and
bottom two categories of social class were collapsed,
resulting in four categories: unskilled/semiskilled
manual; skilled manual; skilled non-manual; and
managerial /technical /professional. Using existing
methods,'” we derived a composite SEP score using
household income, individual education and occupa-
tional social class of the head of household. The lowest
category of each component variable was assigned a SEP
score of 0, with the highest category given a SEP score
of 4. The scores for each individual SEP indicator were
then aggregated, resulting in a SEP score ranging from
0 to 12. Owing to small numbers of observations in the
high end of the score, the top SEP score was collapsed
into five categories of comparable sample size: SEP1
consisted of the lowest two SEP categories (0 and 1),
SEP2 comprised categories 2 and 3, SEP3 comprised cat-
egories 4 and 5, SEP4 comprised categories 6 and 7 and
SEP5 comprised of categories 8 and 9 (the highest
observed SEP category).

Deriving ST and physical activity variables
Weekday and weekend day-specific TV and non-TV
leisure time sitting were converted to all-week time

(minutes) using the following formula: (weekday
timex5)+(weekend day timex2) /7. Occupational sitting/
standing time (minutes) per day was calculated by multi-
plying the number of days worked per week by the
average time spent sitting/standing at work on a work
day, and dividing by 7. Weekly self-reported moderate to
vigorous physical activity (MVPA) hours/week were cal-
culated as number of days of participation multiplied by
time per day in each activity type7 ® Owing to the large
number of participants and the very skewed distribution,
self-reported MVPA was categorised into none, less than
30 min, 30 min—1 h, 1-2 h, and more than 2 h of MVPA
per day. For the accelerometry data we used 0-99
counts/min to denote sedentary (<1.5 MET)® and
>2020 counts/min to denote MVPA (>3 MET).*
Accelerometry-measured variables were converted to
time (minutes) per valid day and daily ST time was cal-
culated as the sum of the average ST minutes per valid
day divided by the number of valid days.

Missing data and multiple imputation

Outliers outside 3 SDs of the mean for all continuous
variables apart from age were removed from the analyses
to improve normality. This excluded 1.3-2.2% of cases
from each continuous variable. Owing to a substantial
proportion of cases with at least one missing value in at
least one covariable or exposure variable (22-28%
depending on the exposure variable) we performed
multiple imputation. IBM SPSS V.20 was used to conduct
the multiple imputation, missing values were imputed
for all covariables and exposures, with observed
maximum and minimum values used as constraints.
Outcome variables did not have missing values imputed,
but were included in the imputation models to predict
missing values in other variables. Linear regression was
used as the type of imputation, and five cycles of imput-
ation were conducted resulting in five imputed data sets.
Results from these five data sets were combined using
the multiple imputation module in SPSS to provide
pooled results. The imputed sample size is limited to the
number of valid observations for each outcome variable
(2289 for accelerometry-measured ST, 2279 for TV time,
2253 for non-TV sitting time and 1170 for occupational
sitting time). Non-imputed results are presented in the

appendix.

Statistical analysis

Analyses were weighted for non-response to give a
sample that was representative of adults living in
England. The associations between each of the socio-
economic indicators (household income, social class,
education, SEP score and area deprivation,) and each
individual ST indicator (TV time, non-TV sitting tine,
occupational  sitting/standing and  accelerometry-
measured ST) were examined using generalised linear
models (GLM), and by multiple linear regression to
determine linear trend p values. Results are presented
for the whole week, the weekday/weekend day-specific

Stamatakis E, et al. BMJ Open 2014;4:¢006034. doi:10.1136/bmjopen-2014-006034 3


http://bmjopen.bmj.com/
http://group.bmj.com

Downloaded from http://bmjopen.bmj.com/ on January 29, 2015 - Published by group.bmj.com

Open Access 8

results can be found in the online appendix. We also
repeated the SEP score analyses stratified by economic
activity (employed/self-employed vs non-economically
active). SPSS V.21 was used for all analyses. For all multi-
variate analyses we used the complex samples GLM pro-
cedure to take into account the complex survey design.
Different models were adjusted for: (1) age and sex; (2)
additionally for BMI, limiting long standing illness, diffi-
culty with usual activities, car ownership, drinking fre-
quency, smoking status, and other socioeconomic
indicators (household income, social class, area depriv-
ation); (3) additionally for time spent in self-reported
MVPA or accelerometry-measured MVPA as appropriate,
and average accelerometer wear time on valid days.
Models 2 and 3 with accelerometry-measured ST as the
outcome were also adjusted for average accelerometer
wear time on each valid day. This work conforms with
the STROBE statement for observational studies.>’

RESULTS

Descriptives

A total of 2289 adults (1030 males) provided valid accelero-
metry data, with 2279 (1020 males) and 2253 (1014 males)
also providing self-reported TV and non-TV time, respect-
ively, 1170 (576 males) provided occupational sitting/
standing time. Table 1 presents the sample characteristics
of the accelerometry sample by SEP score group (prior to
MI) with casewise deletion of missing values (N=1651). In
total 628 participants in the accelerometry sample had at
least one covariate imputed. The variables with the most

imputed values were household income (361 imputed)
and BMI (233 imputed). Participants from lower SEP
groups were more likely to be female, older, have a higher
BMI, spend less time sedentary overall and sitting at work,
but spend more time watching TV than individuals in
higher SEP groups. Lower SEP individuals were also more
likely to report a limiting longstanding illness and difficul-
ties with usual daily activities, and be a current cigarette
smoker, but less likely to be a heavy drinker and meet phys-
ical activity guidelines. The mean wear time on valid days
was 831 min. The mean number of valid days (for those
with at least 1 valid day) was 6 days.

Composite SEP and ST

Figure 1 presents the GLM estimated marginal means
and their 95% CIs describing the associations between
composite SEP score and each measure of ST. SEP was
positively associated with accelerometry-measured ST
and occupational sitting/standing time, and inversely
associated with TV time in all models. There were no
associations between SEP and non-TV sitting time.
Adjustments for potential confounders made no mater-
ial difference to all above associations. Figure 2 presents
associations between SEP score and accelerometry-
measured ST, stratified by employment status. SEP score
was positively associated with accelerometry-measured
ST for those in employment only. SEP was inversely asso-
ciated with TV time regardless of employment status,
while non-TV leisure-time sitting was positively associated
with SEP (SEP1 coefficient 134, 95% CI 125 to 145;

Table 1 Sample characteristics by socioeconomic position score

SEP score group

1 (lowest) 4 and 5
and 2 3 (highest)

Categorical variablest (N=521)* (N=355)* (N=775)* p Value
Sex (% male) 40.1 47.0 50.5 0.001
Limiting longstanding illness (%) 32.8 245 16.8 <0.001
Adherence to the physical activity guidelines (self-reported data) 32.6 43.9 49.6 <0.001
(%)

Difficulty in performing usual activities (%) 21.5 14.9 7.8 <0.001
Car or van available (%) 73.9 89.9 94.7 <0.001
Drinking frequency (% >5 times/week) 15.9 23.1 24.9 <0.001
Smoking (% current) 27.1 23.9 15.5 <0.001
Employment status (% employed/self-employed) 35.2 64.8 76.3 <0.001
Continuous variablest M (SD) M (SD) M (SD) p Value
Age (years) 56.1 (18.5) 50.4 (16.6) 46.9 (15.9) <0.001
BMI (kg/m?) 28.0 (4.9) 27.4 (4.9) 26.8 (4.5) <0.001
Sedentary time (accelerometry data) (min/day)) 505.6 (97.7) 499.4 (90.7) 528.7 (87.2) <0.001
TV (min/day) 218.6 (117.3) 175.8 (97.7) 145.0 (74.7) <0.001
Non-TV sitting time (min/day) 128.1 (86.4) 121.5(90.6) 133.2 (86.3) 0.110
Occupational sitting/standing time (min/day) 151.8 (116.5) 173.5(120.9) 198.1 (121.9) <0.001
MVPA time per day (accelerometry data) (min/day) 24.7 (24.1) 29.7 (26.3) 32.0 (25.1) <0.001

*Occupational sitting time SEP 1 N=152 SEP 2 N=214; SEP 3 N=549 for SEP 4 and 5.

+%® was used to test significance of association between categorical variables and social class.
FANOVA was used to test significance of association between continuous variables and social class.
ANOVA, analysis of variance BMI, body mass index; SEP, socioeconomic position.
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Figure 1 Multivariate-adjusted average daily sedentary time by socioeconomic position (SEP) score. Model 1: adjusted for age
and sex; model 2: further adjustments for area deprivation, body mass index (BMI), limiting long standing iliness, difficulty with
usual activities, car ownership, drinking frequency and smoking status; model 3: further adjustments for self-reported time spent
in moderate to vigorous physical activity (MVPA), accelerometry-measured MVPA time and average accelerometer wear time on
valid days. Models with accelerometer sedentary time as the outcome were also adjusted for average accelerometer wear time
on valid days. (A) Coefficients represent estimated marginal means from generalised linear models, with 95% Cls. Linear trend
p values were obtained from linear regression. (B) SEP1 indicates most deprived, SEP5 indicates least deprived. (C) Any paid
work in the past 4 weeks.
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Figure 2 Multivariate-adjusted accelerometer-measured sedentary time by socioeconomic position (SEP) score for individuals
stratified by employment status. Model 1: adjusted for age and sex; model 2: further adjustments for area deprivation, body mass
index (BMI), limiting long standing iliness, difficulty with usual activities, car ownership, drinking frequency and smoking status;
model 3: further adjustments for self-reported time spent in moderate to vigorous physical activity (MVPA),
accelerometry-measured MVPA time, and average accelerometer wear time on valid days. Models with accelerometer sedentary
time as the outcome were also adjusted for average accelerometer wear time on valid days. (A) Coefficients represent estimated
marginal means from generalised linear models, with 95% Cls. Linear trend p values were obtained from linear regression.

(B) SEP1 indicates most deprived, SEP5 indicates least deprived. (C) Any paid work in the last 4 weeks.
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SEP5 coefficient 177, 155 to 198), but only for those not
in employment. However this association was not linear
(data not shown).

Equivalised household income and ST

Figure 3 presents associations between household
income and each measure of ST. Household income was
positively associated with accelerometer-measured ST and
occupational sitting time and these associations persisted
following adjustments for MVPA and other confounders.
Like with SEP score, household income was inversely
associated with TV time, although this association was
attenuated to the null following adjustments for potential
confounders in models 2 and 3. Household income was
not associated with non-TV sitting time.

Educational attainment and ST

Figure 4 presents the associations between the highest
educational qualification and each measure of ST.
Educational attainment was positively associated with
accelerometry-measured ST and inversely associated with

TV time in all models. Occupational sitting/standing
time was inversely associated with education but the asso-
ciation did not appear to be linear (it was evident across
the lowest three educational levels only) and was attenu-
ated to the null following adjustments for potential con-
founders. There was a weak positive association between
education and non-TV sitting time, following adjust-
ments for potential confounders in models 2 and 3.

Occupational social class and ST

As shown in figure 5, occupational social class was posi-
tively associated with accelerometry-measured ST and
occupational sitting/standing. The initial inverse associ-
ation with TV time (model 1) was attenuated to the null
following adjustments for potential confounders.
Similarly to SEP score and income, social class was not
associated with non-TV sitting time.

Area deprivation and ST
Area-level deprivation was positively associated with TV
time (the lower the deprivation the lower the TV time)
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Figure 3 Multivariate-adjusted average daily sedentary time by household income quartile. Model 1: adjusted for age and sex;
model 2: further adjustments for area deprivation, body mass index (BMI), limiting long standing illness, difficulty with usual
activities, car ownership, drinking frequency and smoking status; model 3: further adjustments for self-reported time spent in
moderate to vigorous physical activity (MVPA), accelerometry-measured MVPA time, and average accelerometer wear time on
valid days. Models with accelerometer sedentary time as the outcome were also adjusted for average accelerometer wear time
on valid days. (A) Coefficients represent estimated marginal means from generalised linear models, with 95% Cls. Linear trend
p values were obtained from linear regression. (B) Q1 indicates lowest income quartile (<£13 876), Q4 indicates the highest

income quartile (>£39 001).
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Figure 4 Multivariate-adjusted difference average daily sedentary time by highest qualification. Model 1: adjusted for age and sex;
model 2: further adjustments for area deprivation, body mass index (BMI), limiting long standing iliness, difficulty with usual activities,
car ownership, drinking frequency and smoking status; model 3: further adjustments for self-reported time spent in moderate to
vigorous physical activity (MVPA), accelerometry-measured MVPA time, and average accelerometer wear time on valid days. Models
with accelerometer sedentary time as the outcome were also adjusted for average accelerometer wear time on valid days.

(A) Coefficients represent estimated marginal means from generalised linear models, with 95% Cls. Linear trend p values were
obtained from linear regression. (B) Education level 1 represents NVQ1/CSE and NVQ2 GCE O Level equivalent; Level 2 represents
NVQGS/GCE A level equivalent; level 3 represents higher education below degree and NVQ4/NVQ5/degree or higher.

but these associations did not persist in the adjusted
models (figure 6). Area deprivation was not associated
with any other measures of ST (figure 6).

Differential associations hetween imputed and

non-imputed data

There were no differences between the imputed and
non-imputed models describing the associations between
SEP score and ST indicators, although the 95% CIs were
slightly broader in the unimputed models due to the
lower sample size (see online supplementary figure S2).

Differential associations in weekday versus weekend days
There was no consistent pattern of differences in the
associations of SEP and ST by weekend versus weekday
(see online supplementary figures S3 and S4), time of
the week-specific results showed broadly the same
pattern as the whole week. The only notable difference
was that a direct association between SEP and non-TV
sitting time was observed on weekend days, but not on
weekdays.

DISCUSSION

Literature on the socioeconomic gradient of sedentary
behaviour is very limited and has relied on partial seden-
tary behaviour indicators, mostly TV viewing. To the best
of our knowledge, this study is the only one that consid-
ers four indicators of SEP in relation to four indicators
of sedentary behaviour, allowing a much more in-depth
examination of the associations of interest than in previ-
ous studies. Our study suggests that occupational ST is
what drives the positive association between overall SEP
and total ST as there was no association among those
not in employment (figure 2). The difference between
the lowest and highest SEP groups (figure 1) is in the
region of 60-70 min/day for total accelerometry-
measured ST and occupational sitting/standing time
and this is comparable with the difference between the
extreme SEP group among the economically active part
of the sample (~90 min/day). As low SEP is more likely
to involve fixed length shift-based work one possible
explanation is that these occupational ST differences
reflect the longer working hours of professionals in
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Figure 5 Multivariate-adjusted average daily sedentary time by occupational social class. Model 1: adjusted for age and sex;
model 2: further adjustments for area deprivation, body mass index (BMI), limiting long standing illness, difficulty with usual
activities, car ownership, drinking frequency and smoking status; model 3: further adjustments for self-reported time spent in
moderate to vigorous physical activity (MVPA), accelerometry-measured MVPA time, and average accelerometer wear time on
valid days. Models with accelerometer sedentary time as the outcome were also adjusted for average accelerometer wear time
on valid days. (A) Coefficients represent estimated marginal means from generalised linear models, with 95% Cls. Linear trend p

values were obtained from linear regression.

higher SEP groups, although we had no information on
work times to examine this hypothesis or make statistical
adjustments. Our findings agree with an Australian
study,19 which found that among women, full-time work,
skilled occupations and university education were all
associated with high (self-reported) total sitting time.
Our study also found that the inverse association
between TV time and SEP was significant regardless of
employment status. In a study of Dutch workers, sitting
time at work varied considerably by type of occupation
but not sitting during leisure time.

Previous studies of adults in Belgium'® and
Australia'* ' # have reported inverse associations between
SEP indicators and TV time. We observed the same TV
time pattern with SEP score and education but not with
occupational class, household income or area deprivation.
Although the occupational class and household income
data were suggestive of a weak association with TV time,
our current results somehow contradict our study in
Scottish aolults,12 where all SEP indicators (occupational
class, household income or area deprivation) as well as the

composite SEP score were associated with recreational
screen time (including TV time). Explanations for this
might be that the Scottish study was three times larger in
size (which might have made it easier for data patterns to
emerge) and the inclusion of non-TV screen time as an
outcome, although studies from other countries suggest no
clear pattern between non-TV recreational screen time (eg,
computer use) and SEP'® % Nevertheless, our English and
the Scottish studies demonstrate that when education,
occupational social class and income are combined into a
single measure (SEP score) they are a much more powerful
predictor of ST than any single indicator, perhaps because
they collectively capture actual SEP more thoroughly than
any single indicator. Composite SEP score showed a clear
and consistent pattern with all ST outcomes, although each
of the individual/household-level SEP indicators seemed
to influence each ST outcome in various ways, suggesting
there are complex, interacting, multidimensional influ-
ences of SEP on ST. Accelerometry-measured ST was the
only sedentary behaviour variable that showed clear and
consistent (positive) associations with all SEP variables
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Figure 6 Multivariate-adjusted sedentary time by area deprivation quintile. Model 1: adjusted for age and sex; model 2: further
adjustments for area deprivation, body mass index (BMI), limiting long standing iliness, difficulty with usual activities, car
ownership, drinking frequency, and smoking status; model 3: further adjustments for self-reported time spent in moderate to
vigorous physical activity (MVPA), accelerometry-measured MVPA time, and average accelerometer wear time on valid days.
Models with accelerometer sedentary time as the outcome were also adjusted for average accelerometer wear time on valid
days. (A) Coefficients represent estimated marginal means from generalised linear models, with 95% Cls. Linear trend p values
were obtained from linear regression. (B) Q1 indicates most deprived, Q5 indicates least deprived.

(except from arealevel deprivation). Although the cross-
sectional design of this study precludes causal inferences,
the pattern of the accelerometry-based associations we
observed suggests that it is unlikely that total sedentary
behaviour contributes to the well-documented socio-
economic inequalities in health."'

Strengths of our study include the availability of
objectively-measured and self-reported indicators of sed-
entary behaviour which allowed us to be more thorough
and detailed when examining the associations of inter-
est. Accelerometers can capture total ST more compre-
hensively than any partial self-reported indicator and as
such are able to better quantify the socioeconomic gra-
dient of ST as a contributor to health inequalities,
however, a limitation is that accelerometers do not distin-
guish between sitting and standing which have different
health implications, this also applies to occupational
sitting/standing time. It has been argued that standing
should not be considered a sedentary behaviour.” This
limitation is also pertinent to the self-reported ST assess-
ment as standing time was included in the occupational
ST question. The lack of information on work times did
not allow us to examine the possibility that ST differ-
ences between SEP groups are partly due to longer work

hours in higher SEP groups. Taken together, these lim-
itations of the measurements may, to some extent, have
confounded the associations of SEP with total and occu-
pational ST we reported. Another limitation is that our
study was limited to the accelerometry sample of HSE
2008 and this might have led to our sample being less
representative of the target population. Although those
in the subsample offered the accelerometer were older
and more likely to be retired and to be less healthy than
the rest of the adult Health Survey for England sample,
those who refused to wear an accelerometer were similar
in terms of employment status and area-level deprivation
compared to those who wore the accelerometers for at
least 4 days a week.”> Higher SEP is linked to higher
commuting by car’® and this may partly explain the
socioeconomic gradient but our data are limited in that
there was no specific question on commuting-related
sitting to examine this explanation.

CONCLUSIONS

Objectively-measured total ST and occupational ST are
higher among economically active English adults in
higher socioeconomic groups compared to less
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privileged groups. However, TV viewing is lower in
higher socioeconomic groups regardless of economic
activity. Combining different socioeconomic indicators
appears to have composite power as a predictor of ST.

Author affiliations

"Charles Perkins Centre, University of Sydney, Sydney, New South Wales,
Australia

2Faculty of Health Sciences, Discipline of Exercise and Sport Sciences,
University of Sydney, Sydney, New South Wales, Australia

3PARG (Physical Activity Research Group), Department of Epidemiology and
Public Health, University College London, London, UK

“Department of Social Sciences, University of Southampton, London, UK
SDivision of Health Sciences, University of South Australia, Adelaide, South
Australia, Australia

5Department of Sport and Health Sciences, College of Life and Environmental
Sciences, University of Exeter, Exeter, UK

Contributors ES conceived the idea, prepared the data set, drafted most of
the manuscript and revised the manuscript several times. NC did the
statistical analysis under the supervision of ES and prepared the tables,
figures and supplemental online material. AR processed the accelerometry
files. NS, MH and AR redrafted parts of the manuscript and critically evaluated
the whole material. All authors approved the final version before submission.

Funding This work was funded by the National Institute for Health Research
through a Career Development Fellowship (ES) (grant number: CDF-2010-03-30).
NC is also funded by the National Institute for Health Research through the same
source. The views expressed in this article are those of the authors and not the
English Department of Health or the National Institute for Health Research.

Competing interests None.
Patient consent Obtained.

Ethics approval Ethical approval was obtained from the Oxford Research
Ethics Committee (reference number 07/H0604/102).

Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES

1. Pate RR, O'Neill JR, Lobelo F. The evolving definition of “sedentary”.
Exerc Sport Sci Rev 2008;36:173-8.

2. Katzmarzyk PT, Church TS, Craig CL, et al. Sitting time and
mortality from all causes, cardiovascular disease, and cancer. Med
Sci Sports Exerc 2009;41:998-1005.

3. Matthews C, George SM, Moore SC, et al. Amount of time spent in
sedentary behaviors and cause-specific mortality in US adults. Am J
Clin Nutr 2012;95:437—-45.

4. Patel AV, Bernstein L, Deka A, et al. Leisure time spent sitting in
relation to total mortality in a prospective cohort of US adults. Am J
Epidemiol 2010;172:419-29.

5. van der Ploeg HP, Chey T, Korda RJ, et al. Sitting time and
all-cause mortality risk in 222 497 Australian adults. Arch Intern Med
2012;172:494-500.

6. Grontved A, Hu FB. Television viewing and risk of type 2 diabetes,
cardiovascular disease, and all-cause mortality. JAMA
2011;305:2448-55.

7. Joint Health Surveys Unit. The Health Survey for England 2008.

Vol 1. Leeds: The Health and Social Care Information Centre,
2010:21-206.

8. Joint Health Surveys Unit. The Health Survey for England 2008.

Vol 2. Leeds: The Health and Social Care Information Centre,
2010:11.

9.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Marmot MG, Shipley MJ, Hemingway H, et al. Biological and
behavioural explanations of social inequalities in coronary heart
disease: the Whitehall Il Study. Diabetologia 2008;51:1980-8.
Williams ED, Tapp RJ, Magliano DJ, et al. Health behaviours,
socioeconomic status and diabetes incidence: the Australian
Diabetes Obesity and Lifestyle Study (AusDiab). Diabetologia
2010;53:2538-45.

Stringhini S, Sabia S, Shipley M, et al. Association of socioeconomic
position with health behaviors and mortality. JAMA 2010;303:1159-66.
Stamatakis E, Hillsdon M, Mishra G, et al. Television viewing and other
screen-based entertainment in relation to multiple socioeconomic
status indicators and area deprivation: the Scottish Health Survey
2003. J Epidemiol Community Health 2009;63:734—40.

Van Dyck D, Cardon G, Deforche B, et al. Socio-demographic,
psychosocial and home-environmental attributes associated with
adults’ domestic screen time. BMC Public Health 2011;11:668.
Teychenne M, Ball K, Salmon J. Correlates of socio-economic
inequalities in women'’s television viewing: a study of intrapersonal,
social and environmental mediators. Int J Behav Nutr Phy Act
2012;9:3.

Burton NW, Haynes M, van Uffelen JGZ, et al. Mid-aged adults’
sitting time in three contexts. Am J Prev Med 2012;42:363-73.
Bowman SA. Television-viewing characteristics of adults:
correlations to eating practices and overweight and health status.
Prev Chronic Dis 2006;3:A38.

Stamatakis E, Hamer M, Tilling K, et al. Sedentary time in relation to
cardio-metabolic risk factors: differential associations for self-report
vs accelerometry in working age adults. Int J Epidemiol
2012;41:1328-37.

Clark BK, Healy GN, Winkler EAH, et al. Relationship of television
time with accelerometer-derived sedentary time: NHANES. Med Sci
Sports Exerc 2011;43:822-8.

van Uffelen JG, Heesch KC, Brown W. Correlates of sitting time in
working age Australian women: who should be targeted with
interventions to decrease sitting time? J Phys Act Health 2012;9:270-87.
Santos R, Soares-Miranda L, Vale S, et al. Sitting time and body
mass index, in a Portuguese sample of men: results from the
Azorean Physical Activity and Health Study (APAHS). Int J Environ
Res Public Health 2010;7:1500-7.

Duncan MJ, HBadland HM, Mummery WK. Physical activity levels
by occupational category in non-metropolitan Australian adults.

J Phys Act Health 2010;7:718-23.

Matthews CE, Chen KY, Freedson PS, et al. Amount of time spent
in sedentary behaviors in the United States, 2003—2004. Am J
Epidemiol 2008;167:875-81.

Stamatakis E, Ekelund U, Wareham N. Temporal trends in physical
activity in England. The Health Survey for England 1991 to 2004.
Prev Med 2007;45:416-23.

Stamatakis E, Chaudhury M. Temporal trends in adults’ sports
participation patterns in England between 1997 and 2006: the
Health Survey Br J Sports Med 2008;42:601-8.

Scholes S, Coombs N, Pedisic Z, et al. Age- and sex-specific
criterion validity of the health survey for England physical activity
and sedentary behavior assessment questionnaire as compared with
accelerometry. Am J Epidemiol 2014;179:1493-502.

Troiano RP, Berrigan D, Dodd KW, et al. Physical activity in the
United States measured by accelerometer. Med Sci Sports Exerc
2008;40:181-8.

Gallo V, Egger M, McCormack V, et al. STrengthening the Reporting
of OBservational studies in Epidemiology—Molecular Epidemiology
(STROBE-ME): an extension of the STROBE Statement. PLoS Med
2011;8:e1001117.

Jans M, Proper K, Hildebrandt V. Sedentary behavior in Dutch
workers: differences between occupations and business sectors. Am
J Prev Med 2007;33:450-4.

Stamatakis E, Grunseit AC, Coombs N, et al. Associations between
socio-economic position and sedentary behaviour in a large
population sample of Australian middle and older-aged adults: the
Social, Economic, and Environmental Factor (SEEF) Study. Prev
Med 2014;63:72-80.

Rhodes RE, Mark RS, Temmel CP. Adult sedentary behavior a
systematic review. Am J Prev Med 2012;42:E3-28.

Yates T, Wilmot EG, Khunti K, et al. Stand up for your health: is it
time to rethink the physical activity paradigm? Diabetes Res Clin
Pract 2011;93:292—-4.

Roth M, Mindell J. Who provides accelerometry data? Correlates of
adherence to wearing an accelerometry motion sensor: the 2008
health survey for England. J Phys Act Health 2013;10:70-8.
Goodman A, Guell C, Panter J, et al. Healthy travel and the
socio-economic structure of car commuting in Cambridge, UK:

a mixed-methods analysis. Soc Sci Med 2012;74:1929-38.

10

Stamatakis E, et al. BMJ Open 2014;4:¢006034. doi:10.1136/bmjopen-2014-006034


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://bmjopen.bmj.com/
http://group.bmj.com

Downloaded from http://bmjopen.bmj.com/ on January 29, 2015 - Published by group.bmj.com

BM) Open

Objectively-assessed and self-reported
sedentary time in relation to multiple
socioeconomic status indicators among
adults in England: a cross-sectional study

Emmanuel Stamatakis, Ngaire Coombs, Alex Rowlands, Nicola Shelton
and Melvyn Hillsdon

BMJ Open 2014 4:
doi: 10.1136/bmjopen-2014-006034

Updated information and services can be found at:
http://bmjopen.bmj.com/content/4/11/e006034

Supplementary
Material

References

Open Access

Email alerting
service

These include:

Supplementary material can be found at:
http://bmjopen.bmj.com/content/suppl/2014/11/05/bmjopen-2014-006
034.DC1.html

This article cites 33 articles, 6 of which you can access for free at:
http://bomjopen.bmj.com/content/4/11/e006034#BIBL

This is an Open Access article distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work
non-commercially, and license their derivative works on different terms,
provided the original work is properly cited and the use is
non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

Topic
Collections

Articles on similar topics can be found in the following collections

Epidemiology (930)
Public health (897)
Sports and exercise medicine (100)

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.omj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://bmjopen.bmj.com/content/4/11/e006034
http://bmjopen.bmj.com/content/suppl/2014/11/05/bmjopen-2014-006034.DC1.html
http://bmjopen.bmj.com/content/suppl/2014/11/05/bmjopen-2014-006034.DC1.html
http://bmjopen.bmj.com/content/4/11/e006034#BIBL
http://creativecommons.org/licenses/by-nc/4.0/
http://bmjopen.bmj.com//cgi/collection/bmj_open_epidemiology
http://bmjopen.bmj.com//cgi/collection/bmj_open_public_health
http://bmjopen.bmj.com//cgi/collection/bmj_open_sports_and_exercise_medicine
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bmjopen.bmj.com/
http://group.bmj.com

	Objectively-assessed and self-reported sedentary time in relation to multiple socioeconomic status indicators among adults in England: a cross-sectional study
	Abstract
	Introduction
	Methods
	Study sample
	Demographics and contextual variables
	SEP measures
	ST and physical activity measures
	Data handling
	Regrouping the SEP variables
	Deriving ST and physical activity variables
	Missing data and multiple imputation
	Statistical analysis


	Results
	Descriptives
	Composite SEP and ST
	Equivalised household income and ST
	Educational attainment and ST
	Occupational social class and ST
	Area deprivation and ST
	Differential associations between imputed and non-imputed data
	Differential associations in weekday versus weekend days

	Discussion
	Conclusions
	References


