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Abstract

Objective: To assess the relationship between obesity and sedentary behaviours,
such as watching television or using a computer (‘screen-time”), and describe how
this relationship varies between population subgroups.

Design: Cross-sectional analysis of the relationship between obesity (BMI = 30 kg/m?)
and screen-time, adjusted for age, sex, income and education and compared
according to a range of personal characteristics.

Setting: New South Wales, Australia.

Subjects: A total of 91266 men and women aged 45 years and above from the
general population of New South Wales in 2006-2007 and providing self-reported
information on height and weight and other factors.

Results: Obesity prevalence was 21-4%. Compared to individuals with <2h of
daily screen-time, the adjusted relative risks (RR) of obesity were 1-35 (95 % CI
1-26, 1-44), 1-70 (95% CI 1-59, 1-82), 1-94 (95% CI 1-81, 2-08) and 1-92 (95 % CI
1-80, 2-006) for 2-3, 4-5, 6-7 and =8 h, respectively. The increase in obesity with
increasing screen-time was similar within categories of overall physical activity,
but was attenuated in those in full-time paid work, compared to non-workers
(P for interaction <0-0001). Among non-workers, the overall obesity RR per 2h
increase in daily screen-time was 1:23 (95% CI 1-21, 1-25) and was significantly
elevated in all groups examined, ranging from 1-16 to 1-31 according to sex, level
of age, education, income, smoking and fruit consumption. The RR did not
differ significantly according to overall physical activity, region of residence and
alcohol and vegetable consumption, but was substantially lower in disabled v.
not-disabled individuals (P for interaction < 0-0001).

Conclusions: Obesity increases with increasing screen-time, independent of
purposeful physical activity. This was observed in all population groups examined,
although it is attenuated in full-time workers and disabled individuals.
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Increasing obesity rates present major challenges to
health, locally and globally. Inadequate energy expendi-
ture is a component of obesogenesis, as part of an overall
energy imbalance, but evidence regarding the positive
and negative contributions of specific types of activities is
limited. Recent evidence indicates that sedentary beha-
viours, such as watching television, using a computer and
sitting, are at least as important as purposeful moderate
or vigorous leisure-time physical activity in influencing
BMI''?. However, it is not known whether this rela-
tionship holds true across the whole population, or
whether there are specific subgroups that are more or less
vulnerable to the adverse effects of sedentary behaviour.
In particular, since physical activity levels tend to decline
with age® and physical disability, it is important to

*Corresponding author: Email Emily.banks@anu.edu.au

https://doi.org/10.1017/51368980010000674 Published online by Cambridge University Press

understand the influence of sedentary behaviours in the
elderly'® and functionally impaired. Gradients in the
relationship between sedentary behaviours and obesity
according to socio-economic and lifestyle factors could
potentially exacerbate existing inequalities in health.
Finally, work-related sitting time has been found to have
a strong influence on patterns of inactivity, and the need
to consider both work-related sedentary behaviour and
physical activity in promoting a healthy BMI has been
highlighted*V.

Current mass-reach campaigns to reduce obesity focus
almost exclusively on increasing periodic purposeful lei-
sure-time physical activity, rather than decreasing time
spent in sedentary activities. Reliable information on the
relationship between sedentary activities and obesity,
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together with evidence regarding the need to target
specific groups, will be important in planning for future
effective interventions to reduce obesity.

The present study examines the relationship between
BMI and time spent watching television or using a
computer (‘screen-time’) and other markers of physical
activity and inactivity in a large cohort of Australian adults
aged 45 years and above that includes sufficient numbers
of participants to allow quantification of this relationship
in different population subgroups. Particular attention is
given to how observed relationships vary with age, dis-
ability, work status, socio-economic and lifestyle factors.

Methods

Study population
The 45 and Up Study is a large-scale study of healthy
ageing of men and women aged 45 years and above from
the general population of New South Wales, Australia. It is
described in detail elsewhere'?. Briefly, individuals aged
45 years and above were sampled from the Medicare
Australia database, which provides virtually complete
coverage of the general population, and joined the study
by completing a postal questionnaire and providing
written consent for long-term follow-up of their health.
There was twofold oversampling of individuals aged 80
years and above and those resident in rural areas.
Recruitment into the study began in February 2006 and
these analyses relate to 91266 participants joining the
study up to the end of April 2008.

Data

All variables were derived from self-reported data from
the 45 and Up Study questionnaire (available at www.
45andUp.org.aw), apart from the measure of remoteness of
residence, which was assigned according to the mean
Accessibility Remoteness Index of Australia Plus® score for
the postcode of the participant’s residential address, as
recorded by Medicare Australia and categorised as resident
in a major city or regional or remote area.

Participants’ overall level of physical activity was clas-
sified according to their responses to elements of the
Active Australia Questionnaire(M’B), comprising infor-
mation on number of weekly sessions (of any duration)
of moderate and vigorous physical activity and episodes
of walking for longer than 10 min. A weighted weekly
average number of sessions was calculated for each
participant by adding the total number of sessions, with
vigorous activity sessions receiving twice the weighting of
moderate activity or walking sessions’'®, and was cate-
gorised as zero to three, four to nine, ten to seventeen
and eighteen or more sessions per week. The use of
weekly sessions of activity rather than a sum of the total
time spent in physical activity allowed reconciliation
across different versions of the study questionnaire; slight
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changes to questionnaire layout and wording across
versions affected the reporting of time spent in physical
activity, but not sessions of physical activity. The pre-
dictive value of total (MET-adjusted) weekly sessions for
meeting the current physical activity recommendations
(defined as a total of 150 min of physical activity in five or
more sessions per week"*!?) was tested with a receiver
operating characteristic curve. The area under the curve
was 85-6%, which indicates that weekly sessions have
good predictive value for sufficient physical activity.

Total daily screen-time, sitting time and standing time
were classified according to the participant’s response to
the question ‘About how many hours in each 24 h day do
you usually spend doing the following: watching televi-
sion or using a computer; sitting; sleeping; standing.’
These variables were categorised as 0-1, 2-3, 4-5, 6-7
and =8 h/d, except for sleeping, which was categorised
as 0-5, 6-7, 8, 9-10 and =11 h/d.

Self-reported weight and height were used to calculate
participants’ BMI, as their weight in kilograms divided
by the square of their height in metres (kg/m?®). BMI was
categorised according to the WHO criteria as underweight
(BMI < 18-5kg/m?), healthy weight (BMI = 18-5-24-9 kg/
m?), overweight (BMI = 25-0-29-9kg/m® and obese
(BMI = 30kg/m*)1”.

Individuals reporting needing assistance with daily
tasks because of long-term illness or disability were
considered to have a major disability. Functional capacity
was measured using the Medical Outcomes Score —
Physical Functioning (equivalent to the physical func-
tioning subscore from the SF-36) with those with a score
of 100 considered to have no functional limitations and
those with scores of 90-99, 60-89 and 0-59 having minor,
moderate and severe limitations, respectively.

Individuals were excluded from the analyses if they
were missing data on height (72 5618), weight (1 4172) or
physical activity (7 4869), leaving 91 266 participants.

Statistical methods
The relationship between overall physical activity, screen-
time, sitting time and standing time and a range of
personal characteristics was examined, as well as the
correlation between the individual measures of physical
activity and inactivity.

The proportion of the study population classified as
obese according to screen-time, sitting time and standing
time was examined overall and separately according to a
range of factors. Relative risks (RR; prevalence ratios) and
95% CI for obesity according to screen-time, sitting time
and standing time were estimated by generalised linear
models, with a log link and binomial distribution"®,
adjusting where appropriate for age (in 5-year age
groups), sex (male and female), income (pre-tax total
annual household income <$20 000, $20000-$49 999 and
=$50000 Australian dollars) and educational attainment
(Iess than secondary school graduation, secondary school
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graduation, post-secondary school certificate or diploma
and tertiary graduate). Sensitivity analyses were conducted
examining the effect on the screen-time model of additional
adjustment for smoking (current, past and never) alcohol
consumption (zero to four, five to eleven, twelve to twenty
and twenty-one or more alcoholic drinks per week), fruit
(less than two and two or more servings per day) and
vegetable consumption (less than five and five or more
servings per day), functional capacity (as categorised
above) and disability (assistance required for daily tasks,
no assistance required for daily tasks). Where appropriate,
categories were included for missing values. Tests for linear
trend were performed by treating selected ordinal variables
as continuous. To test for interaction using multiple screen-
time categories, we used a likelihood ratio test comparing
the model with and without the interaction term. The
weighted least-squares method was used to compare the
RR of obesity per 2h of additional daily screen-time in
different study subgroups.

We examined how much of any effect of a specific
sedentary behaviour on obesity was attributable to dif-
ferences in total physical activity level, first by adding it to
the regression model and then by reporting the relation-
ship between screen-time and obesity in different cate-
gories of overall physical activity. We also examined how
much of the effect of certain sedentary behaviours could
be attributed to the effect of other sedentary behaviours,
using mutual adjustment.

People in paid work have different patterns of screen-
time compared to those who are not working, due to the
amount of work that requires use of computers; similar
issues apply to patterns of sitting and standing time. We
hypothesised, a priori, that the effects of screen-time and
other sedentary behaviours on obesity would vary
according to paid work status, and examined this statis-
tically. Overall, 29-5% of the cohort was in full-time paid
work and work status related closely to income and
education. The proportion of people in paid work varied
markedly by age; only 0-6 % of men and 0-3% of women
aged 70 years and above reported being in paid work.
Initial analyses examined the relationship between
obesity and physical activity, screen-time, sitting time and
sleeping time in the whole cohort. Because of a lack of
elderly people in paid work, subsequent analysis were
restricted to those not in paid work, in order to examine
the relationship between screen-time and obesity
according to a participant’s age, sex, income, education,
region of residence, smoking status and level of disability.

The population attributable fraction was calculated
using the relevant adjusted RR and the exposure pre-
valence among those with obesity (p,) in the formula
AF,=pRR— D/RRY. CI was calculated using a com-
plementary-log transformation”.

All analyses were carried out in SAS statistical software
package version 9:13 (SAS Institute, Cary, NC, USA). All
statistical tests were two-sided, using a significance level
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of P<<0-05. Because of the large sample size, conclusions
were based on both significance and the effect size.

Results

Of 91 266 participants, 34 235 (37-5%, 95% CI 37-4, 37-6)
were classified as being of healthy weight, 1334 (1-4 %,
95% CI 1-1, 1-8) were underweight, 36 156 (396 %, 95 %
CI 395, 39-7) were overweight but not obese and 19 541
(21+4%, 95% CI 21+4, 21-5) were obese. The average total
sessions of physical activity per week was 13-0 (sp 19-60),
with 4:0% (95% CI 3-9, 4-1%) reporting no sessions of
physical activity and 193 % (95% CI 19-1, 19-6) reporting
eighteen or more sessions per week. Overall, 7:4% of
participants reported a screen-time of <2h/d, 40-6%
reported 2:0-3-9h, 30-6% reported 4-0-5-9h, 10-4%
reported 6-7-9h and 11:0% reported =8h/d, with an
overall average of 4-1 (sp 2-51) h/d.

Individuals who had more screen-time were more
likely to be male, current smokers and to eat fewer ser-
vings of fruit and vegetables per week than individuals
with less screen-time (P for trend <0-001; Table 1).
Screen-time was particularly high in those who were of
working age, with higher income and higher education
levels (P for trend <0-001; Table 1). Those reporting a
significant disability and those with lower functional
capacity had longer overall screen-time (P for trend
< 0-001; Table 1). Number of hours of daily screen-time
was poorly correlated with number of weekly sessions of
physical activity (r= —0-06, 95% CI —0-07, —0-05), but
was moderately well correlated with sitting hours per day
(r=0-44, 95% CI 0-44, 0-47) and inversely related to
hours spent standing per day (r= —0-25, 95% CI —0-28,
—0-23).

Screen-time, otber sedentary bebaviours and
obesity
Table 2 shows a steady increase in the risk of obesity with
increasing screen-time, with 15-0% of those with a
screen-time of 0-1-9 h/d being obese compared to 27-6 %
of those with 8 or more screen-hours per day. The age-,
sex-, income- and education-adjusted RR of obesity was
1:92 (95% CI 1-80, 2:06) in those with 8 or more com-
pared to those with 0—1 daily screen-hours, and there was
a significant trend of increasing obesity with increasing
screen-time (P for trend < 0-001). When screen-time was
treated as a continuous variable, the correlation between
screen-time and BMI was 0-12 (95% CI 0-12, 0-13;
P<0-001). A similar but less dramatic relationship was
observed between overall sitting time and obesity, and
there was an inverse relationship between time spent
standing and obesity (Table 2).

The prevalence of obesity decreased with increasing
sessions of physical activity per week, such that those
with eighteen and more sessions per week had half the
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Table 1 Characteristics of the study population according to total daily screen-time
Hours of screen-time per day
0-1-9h 2:0-3-9h 4-0-5-9h 6-0-7-9h >8h
% n % n % n % n % n P for trend
Male 46-8 3534 47-4 19071 47-9 14535 49-4 5007 48-5 5178 <0-001
Urban resident 42-4 3195 41-2 16633 42:2 12803 455 4601 52-1 5557 <0-001
Tertiary educated 27-1 2008 23-1 9099 19-5 5797 242 2415 317 3331 <0-001
Annual income =$AU 70 000 23-5 1651 221 8455 17-8 5099 25-7 2478 424 4334 <0-001
In full-time paid work 32-1 2343 27-4 10752 19-5 5778 28-8 2860 57-2 6009 <0-001
Current smoker 7-5 564 6-4 2586 7-3 2230 8-4 853 9-0 958 <0-001
Disabled 56 421 41 1630 5-5 1654 7-0 709 6-5 688 <0-001
Functional capacity (in lower third) 27-5 1823 28-8 10390 36-1 9891 37-2 3437 29-9 2941 <0-001
Mean SD Mean SD Mean SD Mean SD Mean SD

Age (years 62-3 111 63-2 121 64-7 11-3 625 109 58-1 10-7  <0-001
BMI (kg/m?) 255 4-8 264 4-5 271 4-5 277 4-8 277 5-2  <0-001
Alcohol consumption (g/week) 7-0 99 73 11-1 71 98 70 98 73 9-9 0-986
Vegetable intake (servings/d) 3:6 27 3-8 27 3-9 27 37 27 35 2:6 <0-001
Fruit intake (servings/d) 2:4 1-6 2:4 1-7 2:3 1-5 2:3 15 2:2 15  <0-001
Physical activity (sessions/week) 14-9 19-4 13-8 225 126 206 115 189 109 15-2  <0-001
Sitting (h/d) 4-2 31 4-6 31 5-5 27 67 25 88 27  <0-001
Standing (h/d) 5.7 33 53 41 4-6 35 38 30 29 2:6  <0-001
Sleeping (h/d) 7-6 14 77 19 77 14 76 14 75 1-4  <0-001

risk of obesity of people reporting zero to three sessions
per week (Table 2). Following adjustment for sessions
of physical activity, the RR of obesity with increasing
screen-time was attenuated slightly to 1-69 for =8h/d
screen-time compared to that of 0—1h/d (Table 2). The
OR did not change materially (i.e. <5 %) with additional
adjustment for smoking, alcohol consumption, fruit
and vegetable consumption and disability. A significant
positive association between obesity and sitting time and
a significant negative association with standing time
persisted following adjustment.

Although levels of obesity were lower in individuals
with higher levels of overall physical activity, increasing
screen-time was accompanied by increasing obesity
within each category of physical activity, and the shape of
the obesity/screen-time dose-response curve was similar
for each level of reported physical activity (Fig. 1). There
was minor heterogeneity in the effect of screen-time on
obesity between different categories, with a slight
attenuation in the association between screen-time and
obesity among those with the lowest overall levels of
physical activity (yi» for interaction =283, P=0-005).
Considering screen-time and overall physical activity
together, individuals who were most active but had the
highest screen-times had risks of obesity similar to those
of individuals who were the least active but had the
lowest screen-times; their RR of obesity were 1-72 (95 %
CI 1-46, 2-03) and 205 (95% CI 1-71, 2-45), respectively,
compared to individuals with the lowest screen-times and
the highest physical activity levels. Those with the highest
screen-time and lowest overall physical activity level had
an RR of obesity of 3-04 (95% CI 2-63, 2-45), compared to
individuals with the lowest screen-time and highest
physical activity levels (Fig. 1).
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The effect of screen-time on obesity was attenuated fol-
lowing adjustment for sitting time, compared to individuals
with 0-1 h screen-time/d; the RR of obesity were 1-01 (95 %
CI 0-93, 1-1), 1-:04 (95% CI 0-96, 1-12), 1-05 (95% CI 0-97,
1-14) and 1:13 (95 % CI 1-04, 1-23) for those with a screen-
time of 2-3, 4-5, 6-7 and = 8 h/d, respectively, adjusting for
age, sex, income, education and sitting time.

The relationsbhip between screen-time and obesity
according to work status

People in paid work reported an average screen-time
of 47 (sp 2-1)h/d, while those in part-time paid work
and those not in paid work reported 3-8 (sp 2:3) and
3-9 (sp 2:1) h/d, respectively. The adjusted RR of obesity
increased significantly with increasing screen-time
regardless of work status (Fig. 2); however, the effect of
screen-time was significantly and substantially greater
among those who were not in paid work compared to
those in paid work (xi for interaction = 1944, P<
0-00001 for comparison of the effects in Fig. 2). The RR of
obesity per 2h of additional screen-time was 1-08 (95 %
CI 1-06, 1-10) for those in full-time work, 1:15 (95% CI
1-12, 1-19) for those in part-time work and 1-23 (95 % CI
1-21, 1-25) for those not in paid work (,\/% for interac-
tion = 1619, P<0-00001).

The relationship between screen-time and obesity
according to age, disability and otbher factors

The analyses were restricted to those who were not in
paid work to permit valid comparisons of the effect of
screen-time across the full age range. The age-, sex-,
income- and education-adjusted RR of obesity per 2h
increase in daily screen-time are shown separately
according to a variety of factors in Fig. 3. On average,
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Table 2 Relative risk of obesity according to sedentary behaviours and physical activity

Age- and sex-adjusted Adjusted Adjusted
Total Obese
Total n % RR 95% Cl RR 95% CI* RR 95% Clt
Screen-time (h/d)
0-1 6943 15-0 1-00 1-00 1-00
2-3 37376 18-1 1-36 1-28, 1-46 1-35 1-26, 1-44 1-23 1-15, 1-32
4-5 28105 231 1-76 1-65, 1-88 1-70 1-59, 1-82 1-51 1-41, 1-62
6—7 9443 27-2 1-97 1-84, 2-12 1-94 1-81, 2-08 1-71 1-59, 1-85
=8 9927 27-6 1-91 1-78, 2:05 1-92 1-80, 2:06 1-69 1-57,1-82
P for trend <0-001 <0-001 <0-001
Time spent sitting (h/d)
0-1 3932 18-3 1-00 1-00 1-00
2-3 19716 18-9 1-05 0-97, 1-13 1-07 0-99, 1-15 1-04 0-95, 1-12
4-5 25741 20-6 1-15 1-07, 1-24 117 1-08, 1-26 1-13 1-05, 1-23
6-7 17 445 221 1-23 1-14,1-33 1-28 1-19, 1-38 1-22 1-12, 1-32
=8 21714 24-6 1-35 1-25, 1-45 1-44 1-33, 1 1-33 1-23, 1-44
P for trend <0-001 <0-001 <0-001
Time spent standing (h/d)
0-1 13553 226 1-00 1-00 1-00
2-3 22774 231 1-03 0-99, 1-07 1-02 0-99, 1-06 1-02 0-98, 1-06
4-5 16781 21-9 0-99 0-95, 1-04 0-97 0-93, 1-01 0-97 0-93, 1-01
6-7 12025 20-4 0-92 0-88, 0-96 0-89 0-85, 0-93 0-91 0-87, 0-96
=8 18961 187 0-81 0-77, 0-84 0-76 0-73, 0-80 0-80 0-76, 0-84
P for trend <0-001 <0-001 <0-001
Time spent sleeping (h/d)
0-5h 3690 27-0 1-00 1-00 1-00
6-7h 11821 23-9 0-90 0-84, 0-96 0-94 0-88, 1-00 0-91 0-84, 0-97
8h 59774 201 0-74 0-70, 0-79 0-80 0-76, 0-85 0-77 0-72, 0-82
9-10h 15820 22-3 0-85 0-80, 0-91 0-89 0-84, 0-95 0-85 0-79, 0-92
=11h 1694 277 1-05 0-95, 1-16 1-04 0-95, 1-14 1-00 0-89, 1-12
P for trend <0-001 <0-001 <0-001
Sessions of physical activity per week
0-3 sessions 12043 31-5 1-00 1-00
4-6 sessions 14750 255 0-76 0-73, 0-80 0-79 0-76, 0-82
7-11 sessions 23241 211 0-64 0-62, 0-67 0-67 0-64, 0-70
11-17 sessions 23550 17-8 0-53 0-51, 0-55 0-56 0-54, 0-58
= 18 sessions 17607 16-6 0-48 0-46, 0-51 0-51 0-48, 0-53
P for trend <0-001 <0-001

*Adjusted for age, sex, income and education.
tAdjusted for age, sex, income, education and overall physical activity.

there was a 23% (95% CI 21, 25) increase in the risk of
obesity with every 2h of additional daily screen-time
overall, and a significant elevation in the risk of obesity
with increasing screen-time was seen in all of the popu-
lation and risk factor subgroups examined (Fig. 3).

The effect of screen-time on obesity was slightly atte-
nuated in the 45-64-year-old age group (x5 for hetero-
geneity = 9-5, P=0-009) compared to other ages, although
this difference was not large. The effect of screen-time on
obesity was slightly greater in women than in men. This RR
was 1-16 (95% CI 1-09, 1-24) among current smokers,
which was significantly, although not markedly, lower than
that seen among ex-smokers (1:22, 95% CI 1-20, 1-25) and
never-smokers (125, 95% CI 1-23, —-1-27, )(% for hetero-
geneity =7-2, P=0-03). The association between screen-
time and obesity was attenuated somewhat in those with
lower income, educational attainment and fruit consump-
tion (Fig. 3); this heterogeneity remained when smokers
were excluded from the analysis but was substantially
reduced when individuals with severe functional limitation
were excluded (data not shown). The RR of obesity with
increasing screen-time did not differ significantly according
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to region of residence, alcohol consumption and vegetable
consumption.

Although a broadly similar pattern of increasing risk of
obesity with increasing screen-time was seen in those
with and without a major disability, this relationship
differed substantially between these groups. The RR of
obesity with every 2 h of additional daily screen-time was
1-23 (95% CI 1-20, 1-25) in those not requiring help with
day-to-day tasks, but was attenuated to 1:10 (95% CI
1-06, 1-14) in those requiring help (xi for hetero-
geneity = 27-5, P<0-00001). The relative effect of screen-
time on obesity diminished gradually with decreasing
functional capacity (Fig. 3). Those reporting requiring
help for daily tasks or the lowest functional capacity
category had a mean number of physical activity sessions
of 8-4, which was significantly lower than that seen in the
rest of the cohort (mean = 13-2). However, even among
those reporting serious disability, people reporting a
screen-time of =8h/d were 66% (95% CI 34, 99), and
more likely to be obese compared to those reporting <2h
of daily screen-time, and the absolute level of obesity was
higher in disabled participants.
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0-3 sessions of PA/week  4-9 sessions of PA/lweek 10-17 sessions of PA/lweek 2 18 sessions of PA/week

RR (95% Cl) of obesity

| I I N NN SN G B S S (S G- U N N N S O S I 0 - N S N D
0 2 4 6 8 100 2 4 6 8 100 2 4 6 8 100 2 4 6 8 10

Daily screen-time (h)

Fig. 1 Relative risk (RR) of obesity according to hours of daily screen-time, in categories of overall physical activity (PA), adjusted
for age, sex, income and education (reference group: =18 sessions of PA per week, <2 h of daily screen-time); RR are plotted

against the median daily screen-time for each category

Not in paid work In full-time paid work

30 ________________________________________

RR (95% CI) of obesity

00 +
I I I L 1 I I 1 L I I 1
0 2 4 6 8 10 0 2 4 6 8 10
Daily screen-time (h)

Fig. 2 Relative risk (RR) of obesity according to hours of daily screen-time in study participants who are not in paid work and those
in full-time paid work, adjusted for age, sex, income and education (reference group: not in paid work, <2 h of daily screen-time);
RR are plotted against the median daily screen-time for each category

Population attributable fraction attributable to screen-times of >4h/d was 7% (95%
Among people not in paid work, 24% (95% CI 21, 27) CI 5, 9 among people in full-time work and 13%
of obesity could be attributed to daily screen-times (95% CI 11, 14) among those who were not in paid
of over 2h. The proportion of obesity in this population work.
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Obese/not obese  RR (95% CI) RR (95% ClI) P (heterogeneity)

45-64 years 4143/10823 1-21 (1-19, 1-24) e

65-79 years 4266/16504 1-27 (1-24, 1-30) o

280 years 810/6970 1-26 (1-18, 1-34) —_— 0-009
:

Male 3981/16767 1-20 (1-17, 1-23) ot

Female 5238/17530 1-25 (1-23, 1-27) gr 0-007
I

Major city 3421/14918 1-25 (1-23, 1-28) :-.-

Regional 5562/18804 1-22 (1-20, 1-25) —d:-

Remote 232/545 1-23 (1-12, 1-34) e 0-09
i

Less than secondary school ~ 5714/17949 1-22 (1-20, 1-25) -E~

Secondary school graduation 783/3394 1-25 (1-19, 1-32) m:-——

Certificate/diploma 1525/6580 1-31(1-27, 1-36) =

University degree 1015/5761 1-29 (1-23, 1-35) :—-— 0-002
:

Annual income <$20 000 3445/10752 1-19 (1-17, 1-22) e

Annual income $20-$49 999  2432/9793 1-28 (1-24, 1-31) P

Annual income = $50 0000 2787/11680 1-27 (1-23, 1-30) — <0-0001
)

0-3 PA sessions/week 1759/4069 1-26 (1-23, 1-30) :—-—

4-9 PA sessions/week 3584/12076 1-23 (1-20, 1-26) —1'—

10-17 PA sessions/week 2598/11658 1-23 (1-19, 1-27) —:'—

218 PA sessions/week 1278/6494 1-20 (1-14, 1-26) s 0-3
i

Never smoker 4788/19202 1-25 (1-23, 1-27) -

Ex-smoker 3915/12965 1-22 (1-20, 1-25) i

Current smoker 516/2128 1:16 (1-09, 1-24) —:F 0-03
I

0—4 alcoholic drinks/week 5659/17953 1-24 (1-22, 1-27) -E-—

5-11 alcoholic drinks/week 1662/8174 1-29 (1-23, 1-34) ==

12-20 alcoholic drinks/week 971/4821 1-28 (1-21, 1-36) =

> 21 alcoholic drinks/week 733/2639 119 (1-12, 1-27) —:— 013
I

<2 servings of fruit/d 2526/8936 1-20 (1-17, 1-23) —-—':-

22 servings of fruit/d 6693/25361 1-24 (122, 1-26) - 0-03
:

<5 servings of vegetables/d 5973/23205 1-22 (1-20, 1-25) e

25 servings of vegetables/d 3246/11092 1-25 (1-22, 1-28) —:-— 013
:

Severe functional limitation 3038/6284 112 (1-10, 1-15) - :

Moderate functional limitation ~ 2826/9226 119 (1-16, 1-23) —-—-:

Minor functional limitation 1535/8490 1-22 (1-17, 1-28) —-:—

No functional limitation 878/6766 1-24 (1417, 1-32) _ <0-0001
)

Overall 9212/34297 1-23 (1-21, 1-25) (i}
1

T T T T T 1
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Fig. 3 Relative risk (RR; 95 % CI) of obesity per 2 h of additional daily screen-time, adjusted for age, sex, income and education,
according to various factors

Discussion

The present study shows that increasing screen-time is
associated with increasing risk of obesity, with individuals
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reporting a screen-time of >8h/d having a 92% increase in
risk compared to those with < 2h/d. Among those not in
paid work, there was a 23 % (95 % CI 21, 25) increase in the
risk of obesity with every 2 h of additional daily screen-time,
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and 24% (95% CI 21, 27) of obesity in this group could be
attributed to screen-times in excess of 2h/d.

These findings are consistent with the evidence from
previous studies that increasing sedentary activity time,
including television watching, is directly related to an
increased risk of obesity and overweight®”. This rela-
tionship is observed in both cross-sectional®>® and
prospective studies’*®. Studies have varied in the way
they have measured and categorised screen-time and other
sedentary behaviours, as well as obesity-related outcomes,
and therefore it is difficult to summarise quantitatively the
magnitude of the risk involved. It is interesting to note that
our finding of a 23% increase in the risk of obesity per 2h
increase in leisure-related screen-time is identical to the 23 %
95% CI 17, 30) increase per 2h of television viewing
observed prospectively in the Nurses' Health Study®.

Individuals with lower levels of overall physical activity
were substantially more likely to be obese than those with
higher levels of activity. Our findings confirm those of
previous studies showing that the effect of screen-time on
obesity is independent of the background level of vig-
orous, moderate or prolonged-walking-related physical
activity®™®. The combined effect of the two variables was
substantial, in that 38-:3% of individuals with a screen-
time of = 8h/d and the lowest physical activity level were
obese, and those with the lowest levels of physical
activity and highest levels of screen-time had three times
the RR of obesity compared to individuals with the
highest levels of physical activity and lowest levels of
screen-time. Our findings suggest that, in terms of their
RR, overall purposeful physical activity and screen-time
are of similar importance in relation to obesity.

In keeping with our a priori hypothesis, increasing
screen-time among those who were not in paid work had
a greater effect on obesity than prolonged screen-time
among those in full-time paid work. The reason for this is
not known. A possible explanation is that prolonged
screen-time in workers is more likely to include pro-
longed computer use, as well as incidental activity asso-
ciated with work, whereas prolonged screen-time among
those not working might be predominantly television.
Alternatively, work- and leisure-related screen-time may
be reported with differing degrees of measurement error;
overestimation of work-related screen-time would lead to
an attenuation of the screen-time—obesity relationship.

Among people not in paid work, significant increases
in the RR of obesity with increasing screen-time were
observed in all categories of age, physical activity,
income, education, region of residence, smoking, alco-
hol, fruit and vegetable consumption, disability and
physical functioning. Screen-time had a significantly
attenuated effect among those reporting needing help
with day-to-day tasks or with major reductions in func-
tional capacity, compared to other cohort members. It is
plausible that those with a major disability have particu-
larly low levels of incidental physical activity and that the
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metabolic difference between their background levels of
incidental activity and distinctly sedentary activities are
less marked than for the general population.

Significant but lesser variation in the association between
screen-time and obesity was seen according to smoking
status, income and education. To our knowledge, the
attenuation of the effect of screen-time in smokers has not
been shown before, but is consistent with the overall find-
ing of lower BMI in current smokers compared to non-
smokers®”. Why the relationship between screen-time and
obesity is attenuated among those with lower income and
educational attainment, compared to those with higher
income and education, is unclear; it appears to be at least
partially explained by greater levels of disability in the lower
income and education groups.

Although individuals aged 65 years and above had a
lower overall risk of obesity compared to younger indi-
viduals, the relationship of increasing obesity with
increasing screen-time was similar to that seen in the
younger age groups. Men and women experienced
similar increases in obesity risk with increasing screen-
time, as did urban and rural residents.

To our knowledge, the present study describes, for the
first time, the relationship between sedentary activities and
obesity across the range of middle-aged, old and very old
individuals, and also examines the relationship according
to the level of disability and a number of other factors.
Although the proportions of individuals of healthy weight,
overweight and obese in the 45 and Up Study are
remarkably similar to those found by objective measure-
ment in the more representative AusDiab Study, the 45 and
Up Study is a cohort study and is not designed to be
representative of the general population'?. The ‘healthy
cohort effect’ and the relatively low response rates seen in
these studies mean that the estimates of RR shown here are
likely to be conservative, since community members with
more extreme behaviours and health conditions are less
likely to participate. However, it is important to note that
RR, comparing groups within the cohort, remain valid and
can be generalised more broadly‘*"??.

Excess body fat is the consequence of sustained posi-
tive energy balance, whereby energy intake exceeds
energy expenditure. Although dietary factors are impli-
cated in obesity, there is mounting evidence that
decreasing physical activity is likely to be a major con-
tributor to the global obesity epidemic'®. Physical activity
is often conceptualised as comprised of purposeful and
non-purposeful physical activities. The latter is also
termed ‘incidental’ physical activity and this, as well as
new components relating to ‘non-exercise activity ther-
mogenesis’, is increasingly recognised as a contributor to
overall energy expenditure®. Indeed, it has been sug-
gested that differences in incidental physical activity are
responsible for the greatest variations in energy expen-
diture between individuals and populations, accounting
for as much as 8368 kJ (2000 kcal)/d®.
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Our findings highlight the importance of total energy
expenditure, rather than solely leisure-time physical
activity, for obesity prevention”, and are consistent with
the idea that sedentary behaviours make substantial
contributions to reduced overall energy expenditure,
mainly resulting from their impact on incidental physical
activity, since they may coexist with relatively high levels
of purposeful physical activity. Screen-time, particularly
television watching, is also associated with other health
behaviours, such as eating fatty foods. However, the
finding of increased obesity among those watching
greater amounts of television persists after adjustment for
energy intake” and foods eaten while watching televi-
sion”, and therefore this is unlikely to explain much of
its effects. Prolonged screen-time and sitting time are
more common among more highly educated and affluent
sections of the population, contrasting with other risk
factors for obesity, which tend to be concentrated in
lower socio-economic groups.

The data presented here are cross-sectional and
therefore do not allow us to exclude the possibility that
obesity results in increased sedentary behaviour, rather
than the other way around. However, increasing inactivity
has been shown to result in increased obesity in long-
itudinal data®”’, and experimental studies show that
increasing BMI by overfeeding of lean individuals does
not result in increased sedentary behaviour®. It should
be noted that this issue is not resolved completely by
using longitudinal data, since the major risk factor for
incident obesity is having a high BMI at baseline’*®. We
suggest that the relationship between sedentary beha-
viour and obesity is likely to be complex, with a causal
relationship between inactivity and obesity likely to
predominate. There is likely to be some contribution of
obesity leading to inactivity®”, or indeed a ‘spiral’ rela-
tionship, whereby inactivity leads to obesity, which
further exacerbates inactivity, leading to further increases
in obesity. The present study involved the investigation
of a relatively novel variable, combining television and
computer use into ‘screen-time’. Although this is a useful
variable, it does not allow the separation of the effects of
television viewing from computer use; further data are
being gathered in the 45 and Up Study to allow distinction
between these two exposures.

Screen-time, overall physical activity and BMI are all
reported with differing degrees of measurement error. A
potential explanation of the observation that screen-time
is still predictive of obesity within categories of physical
activity is that the former measures a similar factor but
with less measurement error®™. However, the lack of
correlation between screen-time and overall physical
activity goes against this argument. It is interesting to
note that where physical activity was measured using a
pedometer, television viewing remained a significant
predictor of obesity in women but not in men, following
adjustment for pedometer-measured physical activity®>.

https://doi.org/10.1017/51368980010000674 Published online by Cambridge University Press

E Banks er al.

Conclusions

Current campaigns to reduce overweight and obesity and
increase physical activity tend to focus on promoting
intermittent purposeful physical activity. The evidence
presented here suggests that although this is important,
sedentary behaviours such as screen-time and sitting
independently and substantially increase the risk of
obesity in all of the population groups examined,
including the elderly. Hence, public health campaigns to
reduce obesity through increasing energy expenditure
will be of limited effectiveness unless sedentary beha-
viours and incidental physical activity are addressed to a
similar extent. It is unclear how best to increase incidental
physical activity and reduce sedentary behaviours; this is
likely to be a fruitful area of future research. Increasing
health promotion messages about the need to reduce
sedentary television watching, computer use and sitting
and to ‘move more’ may be a first step.
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