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Abstract

Background: Women living in deprived neighborhoods are a risk group for overweight and obesity, particularly
during the childbearing years. Several socio-demographic characteristics may compound this risk, but little is known
about why this might be the case. Sedentary behaviors are emerging as a socio-demographically patterned risk factor
for obesity. The purpose of the present study was to assess socio-demographic differences in sedentary behaviors, and
to examine whether these behaviors could explain the relation between socio-demographic variables and BMI (BMI) in
this risk group.

Methods: Women aged 18-46 years were recruited from 40 urban and 40 rural deprived neighborhoods in Victoria,
Australia. In total, 3879 women reported socio-demographic variables (age, educational level, employment status,
marital status, number of children, residential location and country of birth), sedentary behaviors (television time,
computer time, total screen time and total sedentary time), physical activity, and height and weight, which were
used to calculate BMI. For each socio-demographic variable, four single mediation models were conducted using
two-level mixed-models regression analyses. Mediating effects were examined using the MacKinnon product-of-
coefficients procedure and the Sobel test.

Results: All socio-demographic variables were significantly associated with sedentary behaviors. Single mediation
analyses revealed that television time (αβ = 0.017, 95% CI = 0.000, 0.030) and total screen time (αβ = 0.006, 95% CI = 0.000,
0.012) mediated 14.1% and 4.9% of the relationship between educational level and BMI, respectively. Total screen time
mediated 45.1% of the relationship between employment status and BMI (αβ = -0.020, 95% CI = -0.033, -0.006), and
television time mediated 8.2% of the relationship between country of birth and BMI (αβ = -0.008, 95% CI = -0.016, -0.001).

Conclusion: Sedentary behaviors differed depending on socio-demographic characteristics, and partly explained
the relationship between socio-demographic factors and BMI in this sample of women. Both television time and
total screen time are potential behaviors to target in future programs aimed at reducing socio-demographic disparities
in overweight and obesity.
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Background
During the last few decades, the prevalence of overweight
(BMI (BMI) ≥ 25 kg/m2) and obesity (BMI ≥ 30 kg/m2) has
reached epidemic proportions worldwide [1,2]. This poses
drastic threats to public health, as overweight and obesity
are related to several physical and mental health risks,
such as cardiovascular diseases, type-2 diabetes, dementia,
cancer and osteoporosis [3-6]. Therefore, action is ur-
gently needed to reverse this negative trend and to re-
duce health risks related to overweight and obesity, in
particular among at-risk population subgroups. An im-
portant at-risk group are women living in socioeconomi-
cally disadvantaged neighborhoods, particularly during the
childbearing years, in which the likelihood of overweight
and obesity is high [7-9].
Within this target group of women, overweight and

obesity rates have been reported to be unevenly distrib-
uted depending on socio-demographic characteristics.
For example, data from the Victorian READI study re-
vealed that characteristics associated with higher BMI and
greater risk of overweight included being older, married,
less highly educated, and born in Australia [10,11]. Despite
evidence of associations between socio-demographic
factors and BMI, little information is available on the
pathways through which socio-demographic factors may
influence BMI in women. Previous studies have indicated
that eating behaviors and physical activity explain only
part of the link between socio-demographic factors and
BMI [12-15]. Therefore, the role of other energy-balance
related behaviors, such as sedentary behavior, could be im-
portant. Sedentary behavior can be defined as “any waking
behavior characterized by energy expenditures ≤ 1.5 meta-
bolic equivalents (METs), while in a sitting or reclining
position” [16]. Prior research has demonstrated mixed re-
sults regarding the relationship between sedentary behav-
ior and BMI [17,18]. Whereas some studies did not report
a significant relationship between sedentary behaviors and
BMI in adults [19,20], others have shown that increased
sedentary time is related to a higher BMI, even among
those who are sufficiently physically active [21-23]. In
contrast to sedentary time, strong evidence was found
for the relationship between television time and BMI
[24-26]. Furthermore, sedentary behaviors tend to be
socio-demographically patterned [27,28]. Those patterns
are different for television time, computer time, and total
sedentary time [27,28]; for example, younger women used
computers more than older women, and older women
spend more time watching television [27].
Consequently, the goal of this research was to gain insight

into the mechanisms through which socio-demographic fac-
tors are associated with BMI in socio-economically dis-
advantaged women of childbearing age (18-46 years).
The first aim of this study was to examine associations
between socio-demographic factors and sedentary behaviors,
as limited information is available on this relationship in
women living in socio-economically disadvantaged neigh-
borhoods. The second aim was to investigate whether
sedentary behaviors mediated the potential associations
between socio-demographic factors and BMI.

Methods
Procedure and participants
This study used baseline data of a longitudinal cohort
study conducted between August 2007 and January 2008
in Victoria, Australia. The Resilience for Eating and Activity
Despite Inequality (READI) study [29,30] was undertaken
to investigate the resilience to obesity among socioeconom-
ically disadvantaged women at childbearing age (18-46
years) and their children (5-12 years). The study protocol
was approved by the Deakin University Human Research
Ethics Committee, the Victorian Department of Education
and the Catholic Education Office, and informed con-
sent was obtained from each participant before the study
started.
The sample for the READI study was randomly drawn

from the electoral rolls of 40 rural and 40 urban Victorian
neighborhoods, which were all classified as socioeconomi-
cally disadvantaged using the Australian Bureau of Statis-
tics’ Socio-economic Index for Areas: Index of Relative
Socio-Economic Disadvantage [30]. A total of 150 women
per neighborhood were invited to participate. However,
if an included neighborhood had less than 150 women
within the predefined age range, all eligible women were
invited. As a result, 11940 postal questionnaires were sent
out, assessing the determinants of obesity-related behav-
iors, such as physical activity, sedentary behavior, and
eating behavior, as well as the behaviors itself. Ten and
twenty days after initially mailing, a first and a second
reminder were sent. A total of 4934 (41%) women returned
a completed questionnaire. Of these, 585 were excluded
because (1) they moved out of the selected neighborhood
(n = 571), (2) the questionnaire was not completed by the
intended individual (n = 3), (3) they requested to withdraw
from the study (n = 2) or (4) they were not in the prede-
fined age group (n = 9). Data from women who were preg-
nant at the time of the survey (n = 210) were excluded
from the analyses, as BMI was the outcome variable in the
present study. Data from women who did not provide valid
responses to questions on both height and weight were
also excluded given that BMI is the outcome in all medi-
ation analyses. After applying these exclusion criteria, the
final sample included 3879 (32%) women.

Measures
The READI questionnaire contained questions on body
weight and height, socio-demographic characteristics,
obesity-related behaviors (e.g. physical activity and sed-
entary behavior), and personal, social environmental and
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physical environmental determinants of these behaviors.
The questionnaire items used in the present study are
explained below.

Predictor measures: socio-demographic variables
Socio-demographic variables include age, educational level
([1] low-medium: ≤12 years, trade or certificate; [2] high:
university or postgraduate), employment status ([1] un-
employed: unemployed, keeping house and/or raising
children full time, studying full time or retired; [2]
employed: working full time or part-time), marital status
([1] alone: separated, divorced, widowed or never married;
[2] married or in a relationship), number of children
(none, one, two, three or more), residential location
([1] urban; [2] rural) and country of birth ([1] outside
Australia; [2] Australia).

Potential mediators: sedentary behaviors
The following mediators were tested: television time,
computer time, total screen time and total sedentary
time. Total sedentary time was measured using the follow-
ing questions: (1) ‘During the last 7 days, how much time
did you usually spend sitting on a weekday (including the
day and the evening)?’, and (2) ‘During the last 7 days, how
much time did you usually spend sitting on a weekend
day (including the day and the evening)?’. The questions
are part of the long version of the International Physical
Activity Questionnaire (IPAQ-L). This self-administered
questionnaire showed excellent test-retest reliability
(pooled r = 0.80) and acceptable validity (ρ = 0.34) in com-
parison with accelerometer-assessed sedentary time (CSA
model 7164) in a 12–country study [31]. Based on the
IPAQ scoring protocol, total sedentary time was calculated
by summing the weekday minutes (multiplied by five)
and the weekend day minutes (multiplied by two). The
sum was divided by 420 to transform minutes/week into
hours/day. Specific information on the activities under-
taken while being sedentary was measured using some
additional questions, which have been shown to be valid
and reliable [32]. Participants were asked to report their
time spent sedentary while watching TV, and while using
a computer during the last seven days on weekdays as
well as on weekend days. By summing the weekday mi-
nutes (multiplied by five) and the weekend day minutes
(multiplied by two), and dividing the sum by 420 the
following variables were calculated: daily hours spent
sedentary while watching TV (television time), and daily
hours spent sedentary while using a computer (computer
time). These variables were summed to produce the
amount of total screen time.

Outcome measure: BMI
Participants’ BMI was calculated by dividing self-reported
weight in kilograms by the square of self-reported height
in meters. Self-reported weight and height have shown
good validity among Australian women [33].

Covariate: total physical activity
Because of its potentially strong relationship with socio-
demographic characteristics, sedentary time and BMI, total
physical activity was added as a covariate. Total physical
activity was assessed using the long version of the reliable
and validated IPAQ [31], in which both frequency (number
of days in the last seven days) and duration (hours and
minutes per day) of job-, transport-, domestic-, and
leisure-time physical activity were assessed. By summing
the physical activity per domain, total time spent physic-
ally active was calculated [34].

Data reduction and statistical analyses
Raw data were used for descriptive statistics (see Table 1).
The square root of the skewed variables (total television
viewing time, total computer time, total screen time, total
sedentary time, total physical activity and BMI) was calcu-
lated to improve normality and homogeneity of variances.
Analyses were conducted using mixed models (SPSS Inc.,
Chicago, IL., USA) which included random intercepts for
suburb-level variation. The following categories were used
as reference categories in the analyses: having a high
educational level, being employed, being married or in
a relationship, living in a rural neighborhood and being
born in Australia. All analyses were adjusted for total level
of physical activity, and 95% confidence intervals (CI) were
reported.
Firstly, the overall associations (τ-path) between socio-

demographic factors and BMI were calculated by regressing
the outcome variable (BMI) on each individual socio-
demographic factor (age, educational level, employment
status, marital status, number of children, residential loca-
tion and country of birth) and the confounder (total physical
activity) (see Figure 1). Subsequently, the mediating ef-
fects of television time, computer time, total screen time,
and total sedentary time were examined using MacKinnon’s
product-of-coefficients test in single mediation models [35].
The test includes the action theory test and the conceptual
theory test. The action theory test estimates the associ-
ation between each predictor and the potential media-
tors (α-path). The conceptual theory test estimates the
association between each potential mediator and the out-
come variable adjusted for the predictor variables (β-path).
By multiplying the α-coefficient with the β-coefficient, the
mediating effect (αβ) was calculated. This mediating effect
(αβ) was only reported if the α- and β-path were signifi-
cant, as MacKinnon states that a mediator needs to be sig-
nificantly associated with both the predictor variable and
the outcome variable [35]. Statistical significance of this
effect was tested by dividing the product-of-coefficient
(αβ) by its standard error (SE), which was calculated using



Table 1 Socio-demographic characteristics, sedentary
behaviors and BMI of the total sample

Characteristics Total
sample

Predictors: socio-demographic characteristics

Age (years), mean (SD) (n = 3830) 34.7 (8.2)

Employment status, n (%) (n = 3782)

Unemployed 1188 (31.4)

Employed 2594 (68.6)

Educational level n (%) (n = 3831)

Low-medium 2815 (73.5)

High 1016 (26.5)

Marital status n (%) (n = 3857)

Married/ in a relationship 1349 (35.0)

Alone 2508 (65.0)

Number of children up to 18 years in household n (%)
(n = 3809)

None 1499 (39.4)

One 666 (17.5)

Two 993 (26.1)

Three or more 651 (17.1)

Residential location n (%) (n = 3879)

Urban 1801 (46.4)

Rural 2078 (53.6)

Country of birth n (%) (n = 3866)

Australia 3432 (88.8)

Other 434 (11.2)

Potential mediators: sedentary behaviors (hours/day)

Television viewing time, mean (SD) (n = 3775) 3.6 (3.6)

Computer time, mean (SD) (n = 3615) 3.1 (4.2)

Total screen time, mean (SD) (n = 3585) 6.3 (4.7)

Total sedentary time, mean (SD) (n = 3749) 7.2 (4.8)

Outcome

BMI (kg/m2), mean (SD) (n = 3879) 26.0 (6.1)

SD = Standard deviation.
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the Sobel test [36]. The Sobel test was suitable as an alter-
native of bootstrapping because of the large sample size
[36,37]. The proportion of the overall effect that was
mediated was computed by dividing the product-of-
coefficient (αβ) by the overall association (τ-coefficient).

Results
Participant characteristics
Characteristics of the total sample are presented in
Table 1. The total sample consisted of 3879 women,
with a mean age of 34.7 (SD: 8.2) years and an average
BMI of 26.0 (SD: 6.1) kg/m2. The majority was employed
at the time of the survey (68.6%) and about one-quarter
had a high educational level (26.5%). Most women were
not in a relationship (65.0%) and about sixty percent had
at least one child. Additional participant characteristics
are provided in Table 1.

Main associations between socio-demographic factors and
BMI (path τ)
All socio-demographic variables were significantly associ-
ated with BMI. Being older, having a low or medium level
of education, being employed, being in a relationship,
having more children, living in a rural neighborhood,
and being born in Australia were associated with having
a higher BMI (see Table 2).

Associations between socio-demographic variables and
potential mediators (path α)
As shown in Table 3 (action theory tests), all socio-
demographic variables were significantly associated with
computer time, total screen time and total sedentary
time, except country of birth, which was not significantly
related to computer time and total sedentary time. Only
three socio-demographic variables were significantly as-
sociated with television time: educational level, number
of children, and country of birth. Having a low or medium
level of education, having less children and being born in
Australia was associated with having a higher television
time. Being younger, having a high level of education,
being employed, not having a partner, having less children
and living in an urban neighborhood was associated with
having a higher computer time. Being younger, having a
low or medium level of education, being employed, not
having a partner, having less children, living in an urban
neighborhood and being born in Australia was associated
with having a higher screen time. Being younger, having a
low or medium level of education, being employed, not
having a partner, having less children and living in an
urban neighborhood was associated with having a higher
total sitting time.

Associations between potential mediators and BMI (path β)
In all single mediation models, the conceptual theory
tests revealed associations of television time and total
screen time, with BMI (see Table 3). In six out of seven
models, a significant relationship was found between total
sedentary time and BMI, whereas only one model showed
a significant relationship between computer time and
BMI. All significant relationships were in the positive dir-
ection, such that greater amounts of sedentary activities
were associated with higher BMI.

Mediation effects
Estimated single model mediation effects are shown in
Table 3. Both television time (αβ = 0.017; CI = 0.000, 0.030),
and total screen time (αβ = 0.009; CI = 0.000, 0.012) me-
diated the relation between educational level and BMI,



Figure 1 Mediation model of the relation between socio-demographic factors and BMI as mediated through total sedentary time, total
screen time, television time and computer time. Represents the mediation model of the relation between socio-demographic factors and BMI
as mediated through total sedentary time, total screen time, television time and computer time.
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i.e. those who had a low or medium level of education
reported more television time and more screen time,
which was positively associated with a higher BMI. Total
screen time (αβ = -0.020; CI = -0.033, -0.006) was a signifi-
cant mediator of the relationship between employment
status and BMI, i.e. those who were unemployed reported
less television time, which was associated with lower BMI.
Television time (αβ = -0.008; CI = -0.001, -0.016) mediated
the relation between country of birth and BMI, i.e. those
who were born overseas reported less television time,
which was associated with lower BMI. The proportion
mediated by television time and total screen time varied,
with the highest proportion found for total screen time in
Table 2 Regression coefficients (τ) and 95% confidence
interval (CI) of the main associations

τ (SE) 95% CI

Age 0.013 (0.001) 0.011, 0.015

Educational level (ref = having a
high educational level)

0.125 (0.022) 0.081, 0.169

Employment status (ref = being
employed)

-0.044 (0.021) -0.086, -0.002

Marital status (ref = being married or
in a relationship)

-0.048 (0.021) -0.088, -0.007

Number of children 0.024 (0.009) 0.006, 0.041

Residential location (ref = living in a
rural neighborhood)

-0.098 (0.027) -0.151, -0.045

Country of birth (ref = being born in
Australia)

-0.197 (0.032) -0.260, -0.134

SE = standard error, CI = confidence interval, ref = reference category.
All significant associations are presented in bold font.
All analyses were adjusted for total physical activity.
the employment status model (45.1%), and the smallest
proportion found for screen time in the educational level
model (4.9%) (see last column of Table 3).
Significant suppression effects, which are expressed by

opposite signs of the direct path (τ’-path) and indirect path
(αβ-path), were found for four of the seven socio-
demographic characteristics. Total screen time had a
significant suppression effect on the relation of BMI with
age, marital status, number of children, and residential lo-
cation (e.g. older women reported less screen time, but
had a higher BMI). Computer time had a significant sup-
pression effect on the association between age and BMI,
and television time and total screen time both had signifi-
cant suppression effects on the relationship between num-
ber of children and BMI.
Discussion
To our knowledge the present study is the first to explore
associations between socio-demographic factors and seden-
tary behaviors in women living in socio-economically disad-
vantaged neighborhoods, and to examine whether these
sedentary behaviors mediate the association between socio-
demographic factors and BMI. To date, few studies have
examined the relationship between socio-demographic
characteristics and sedentary behaviors [27,28]. More-
over, none of these studies have focused on women liv-
ing in deprived neighborhoods, despite this population
having increased risk of being overweight, due to their
lack of physical activity, and their unhealthy eating pat-
terns [7-9].



Table 3 Mediating role of sedentary behaviors on the association between socio-demographic factors and BMI

Single mediation
models

Action theory testsa Conceptual theory testsb Mediating effects Proportion mediated

α (SE) 95% CI for α β (SE) 95% CI for β αβ (SE) 95% CI for αβ %

Age

Television time 0.001 (0.001) -0.002, 0.001 0.188 (0.027) 0.134, 0.241 - - -

Computer time -0.003 (0.001) -0.006, -0.001 0.030 (0.021) 0.011, 0.070 -0.000 (0.000) -0.000,-0.000 S

Total screen time -0.002 (0.001) -0.004, -0.001 0.177 (0.029) 0.120, 0.235 -0.000 (0.000) -0.001,-0.000 S

Total sedentary time -0.003 (0.001) -0.005, -0.002 0.155 (0.034) 0.089, 0.221 -0.000 (0.000) -0.001, 0.000 -

Educational level

Television time 0.137 (0.014) 0.110, 0.165 -0.000 (0.000) -0.000, -0.000 0.017 (0.006) 0.000, 0.030 14.1

Computer time -0.015 (0.022) -0.058, -0.028 -0.000 (0.000) -0.000, 0.000 - - -

Total screen time 0.051 (0.014) 0.024, 0.078 0.151 (0.030) 0.093, 0.210 0.006 (0.003) 0.000, 0.012 4.9

Total sedentary time 0.025 (0.012) 0.003, 0.048 0.112 (0.034) 0.045, 0.179 0.004 (0.002) -0.001, 0.008 -

Employment status

Television time -0.011 (0.014) -0.016, 0.038 0.188 (0.028) 0.133, 0.242 - - -

Computer time -0.270 (0.022) -0.313, -0.288 0.011 (0.022) -0.032, 0.053 - - -

Total screen time -0.130 (0.013) -0.155, -0.105 0.154 (0.031) 0.094, 0.214 -0.020 (0.007) -0.033, -0.006 45.1

Total sedentary time -0.074 (0.011) -0.096, -0.053 0.120 (0.034) 0.052, 0.188 -0.008 (0.004) -0.016, 0.000 _

Marital status

Television time 0.033 (0.013) -0.007, 0.059 0.184 (0.028) 0.130, 0.238 - - -

Computer time 0.110 (0.021) 0.070, 0.151 0.024 (0.021) -0.017, 0.065 - - -

Total screen time 0.072 (0.012) 0.048, 0.097 0.167 (0.030) 0.109, 0.226 0.011 (0.004) 0.003, 0.019 S

Total sedentary time 0.077 (0.010) 0.057, 0.098 0.132 (0.034) 0.064, 0.199 0.009 (0.005) -0.000, 0.018 -

Number of children

Television time -0.030 (0.006) -0.041, -0.019 0.186 (0.028) 0.131, 0.241 -0.005 (0.002) -0.009, -0.002 S

Computer time -0.100 (0.009) -0.117, -0.083 0.035 (0.022) -0.007, 0.078 - - -

Total screen time -0.063 (0.005) -0.073, -0.053 0.182 (0.031) 0.122, 0.242 -0.010 (0.003) -0.017,-0.003 S

Total sedentary time -0.055 (0.004) -0.064, -0.047 0.144 (0.035) 0.076, 0.213 -0.006 (0.003) -0.012,0.000 -

Residential location

Television time 0.009 (0.014) -0.019, 0.037 0.185 (0.027) 0.131, 0.238 - - -

Computer time 0.082 (0.025) 0.034, 0.132 0.023 (0.021) -0.018, 0.064 - - -

Total screen time 0.039 (0.014) 0.011, 0.066 0.165 (0.030) 0.107, 0.223 0.007 (0.003) 0.001, 0.014 S

Total sedentary time 0.037 (0.011) 0.015, 0.060 0.126 (0.034) 0.060, 0.193 0.005 (0.003) -0.001, 0.010 -

Country of birth

Television time -0.062 (0.020) -0.102, -0.022 0.173 (0.027) 0.119, 0.227 -0.008 (0.004) -0.016,-0.001 8.2

Computer time 0.015 (0.033) -0.051, 0.080 0.019 (0.021) -0.022, 0.060 - - -

Total screen time -0.052 (0.020) -0.091, -0.014 0.150 (0.030) 0.091, 0.208 -0.006 (0.004) -0.014, 0.001 -

Total sedentary time -0.034 (0.017) -0.066, 0.001 0.110 (0.034) 0.044, 0.176 - - -
aAssociations between socio-demographic predictors and mediators.
bAssociations between mediators and BMI, adjusting for socio-demographic predictors.
SE = standard error, CI = confidence interval, S = suppression effect, – =mediation effects were not calculated if the α-path or the β-path were not significant,
proportion mediated was not calculated if the mediation effect was not significant.
All significant associations are presented in bold font.
All analyses were adjusted for total physical activity.
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Results of the action theory test revealed that less edu-
cated women and women who were born in Australia
reported higher levels of television viewing, which is in
line with previous research conducted in a more general
population [38-41]. Higher levels of computer time were
observed for more educated women, employed women,
younger women, women with fewer children, women not
in a current relationship, and women living in an urban
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neighborhood. Prior studies testing this relationship in
a broader population found similar results concerning
the association with age and educational level [42-44];
however, mixed or no associations have been found
with respect to employment status and computer time
[25,40,45,46]. No comparable studies were found asses-
sing relationships between computer time and marital
status, number of children or residential location in adults.
The results of the action theory test also indicated that
women who generally sit a lot during the day tended to be
younger, less educated, employed, residing in an urban
area, not be in a relationship, and to have fewer children.
These findings add new evidence on the relationship
between socio-demographic variables and total sedentary
time, given that previous research demonstrated mixed
effects [27]. The only socio-demographic variable con-
sistently related to total sedentary time in past studies
is the number of children [47-49]. Adults without chil-
dren tended to spend more time being sedentary than
adults with children [47-49], which is consistent with
the present findings and may reflect time pressures pre-
cluding more leisure-time sedentary behaviors among
women with children. Based on the results of the action
theory test, it can be concluded that, within our risk group,
some subgroups spend more time being sedentary, and
are therefore, potentially more susceptible to develop over-
weight and obesity. These subgroups should be the main
focus of future programs aimed at reducing sedentary
behavior.
In mediation analyses some of the associations between

socio-demographic factors and BMI in women living in
socio-economically disadvantaged neighborhoods were
explained by sedentary behaviors. After controlling for
physical activity level, both television time and total
screen time mediated the relation between educational
level and BMI. This suggests that women with a lower
level of education were more likely to spend television
or screen time, which may result in a higher BMI. Never-
theless, reverse causality cannot be ruled out due to the
cross-sectional nature of the study: it may be that lower
educated women have higher BMI, which may lead to
greater television or screen time. This result is in line with
previous findings [19,39,50,51], and could be explained by
(1) the fact that lower educated women are more likely to
have a physically demanding job [52], leading them to pre-
fer sedentary leisure-time activities [53], and (2) the fact
that lower educated women less often consider the advan-
tages of being physically active [54,55]. Furthermore, total
screen time was also an important mediator in the relation
between employment status and BMI, explaining nearly
50% of this association. This reflected the combination of
the strongly significant relationship between employ-
ment status and computer time (more computer time
among employed individuals), and the significant positive
relationship between television time and BMI. The rela-
tionship between employment status and computer time
has been found in previous research [56,57] and could
reflect that women with jobs spend long parts of their
days working in front of a computer screen [57], while
unemployed women may be more likely to be at home
chasing after their children. The relationship between
television time and BMI could be explained by the fact
that television time often replaces time spent moder-
ately physically active [58], and television viewing has
been associated with snacking behavior [59] and fast-
food consumption [60]. Finally, television time was a sig-
nificant mediator of the relationship between country
of birth and BMI. Women who were born in Australia
tended to watch more television, which was signifi-
cantly related to having a higher BMI. There is evidence
that among women born outside of Australia, a longer
time since immigration to Australia predicts a body
weight and lifestyle behaviors more similar to those of
Australian-born women [61]. Consequently over time
the differences in sedentary time and BMI observed for
non-Australian born women may attenuate.
Besides the mediation effects, significant suppression

effects were observed in several models. For example, a
significant suppression effect was observed for total screen
time on the relation between age and BMI, as age was
positively associated with BMI, but negatively associated
with total screen time. Consequently, an inconsistent
mediation model was found. This inconsistency was also
observed for (1) screen time on the relationship between
marital status, number of children, and residential location,
and BMI, for (2) computer time on the relationship be-
tween educational level and BMI, and for (3) television
time on the relationship between number of children
and BMI. The high number of suppression effects point
out that, although sedentary behaviors could explain some
pathways through which socio-demographic factors affect
BMI, sedentary behaviors are likely to be just one of the
factors contributing to BMI. The relationship between
socio-demographic factors and BMI is a complex issue,
which is, in all probability, mediated by different lifestyle
behaviors. In order to gain insight into the complete
underlying mechanism, future researchers should include
various behaviors affecting BMI in multiple mediation
models and should control for clustering of behaviors.
When interpreting the results of this study, some study

limitations need to be considered. The most important
limitation was the cross-sectional nature of the data,
which limits causal interpretation of our findings. Sec-
ondly, the data were self-reported, and hence prone to
social desirability and recall biases. Previous research asses-
sing the validity of self-reported sedentary behavior ques-
tionnaires showed mixed results regarding total sedentary
time. Whereas some studies reported an overestimation of
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total sedentary behavior [62,63], others reported an under-
estimation of total sedentary behavior [64-66]. Television
time and total screen time were generally underestimated
in comparison with device-based measures [67]. Thirdly,
despite sending reminders, the response rate was rela-
tively low, which might result in a selection bias [68],
for example with potentially more highly motivated women
participating in the survey. Fourthly, women that did not
provide valid height and weight data were excluded from
the analysis, which could have influenced the results. A
comparison analysis showed that women that did provide
valid height and weight data were older, had a higher level
of education, and were more likely to be in a relationship
than those who did not (data not shown). Finally, given
that only women aged between 18 and 46 years old, living
in socio-economically disadvantages neighborhoods were
sampled, results might only be generalizable to this specific
group of populations. On the other hand, some strengths
should also be noted. More than 4,000 women from socio-
economically disadvantaged neighborhoods participated in
the study, which is a substantial sample given the difficulty
of reaching this target group. As a result of the large
sample size, mediation analysis were conducted with high
statistical power. Moreover, the use of reliable and vali-
dated questionnaires was a strength of this study.

Conclusion
The present study showed that sedentary behaviors are
unequally distributed among population subgroups of
women living in socio-economically disadvantaged neigh-
borhoods. Moreover, these sedentary behaviors appear to
play an important role in the association between socio-
demographic variables and BMI. In particular, television
time and total screen time, as these two behaviors medi-
ated the relationship between educational level, employ-
ment status, country of birth and BMI. Women who had
a low or medium level of education, women who were
employed, and women who were born in Australia re-
ported more television and/or screen time, which in turn
was related to higher BMI. Consequently, future obesity
prevention approaches should be developed (1) focusing
on at-risk subgroup populations, and (2) aiming at redu-
cing television time and total screen time, rather than
sedentary time in general.

Abbreviations
BMI: Body mass index; READI: Resilience for Eating and Activity Despite
Inequality; IPAQ: International Physical Activity Questionnaire.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
SC conducted the statistical analyses, interpreted the data and drafted the
manuscript. KB coordinated the data collection, and GA supported the
statistical analyses. All authors read, provided feedback, and approved the
final submitted version of the manuscript.
Acknowledgement
The authors acknowledge the contributions of Prof. David Crawford, Prof.
Anna Timperio, Prof. Jo Salmon, Dr. Verity Cleland and Dr. Michelle Jackson
to the development of the READI study. The READI study was funded by the
Australian National Health and Medical Research Council (ID374241). KB is
funded by a NHMRC Principal Research Fellowship (ID1042442). KDC and MV
were funded by the Research Foundation Flanders (FWO).

Author details
1Department of Movement and Sport Sciences, Faculty of Medicine and
Health Sciences, Ghent University, Ghent, Belgium. 2Research Foundation
Flanders (FWO), B-1000, Brussels, Belgium. 3Centre for Physical Activity and
Nutrition Research, School of Exercise and Nutrition Sciences, Deakin
University, Burwood, Victoria, Australia.

Received: 12 June 2014 Accepted: 30 March 2015
References
1. Stevens GA, Singh GM, Lu Y, Danaei G, Lin JK, Finucane MM, et al. National,

regional, and global trends in adult overweight and obesity prevalences.
Popul Health Metr. 2012;10:22.

2. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, et al.
National, regional, and global trends in body-mass index since 1980:
systematic analysis of health examination surveys and epidemiological
studies with 960 country-years and 9.1 million participants. Lancet.
2011;377:557–67.

3. Branca F, Nikogosian H, Lobstein T. The challenge of obesity in the WHO
European region and the strategies for response. Denmark: World Health
Organization; 2007.

4. Dennis KE. Postmenopausal women and the health consequences of
obesity. J Obstet Gynecol Neonatal Nurs. 2007;36:511–7. quiz 518-519.

5. Kopelman P. Health risks associated with overweight and obesity. Obes Rev.
2007;8 Suppl 1:13–7.

6. Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz WH. The disease
burden associated with overweight and obesity. JAMA. 1999;282:1523–9.

7. Ball K, Brown W, Crawford D. Who does not gain weight? Prevalence and
predictors of weight maintenance in young women. Int J Obes (Lond).
2002;26:1570–8.

8. Ball K, Crawford D, Warren N. How feasible are healthy eating and physical
activity for young women? Public Health Nutr. 2004;7:433–41.

9. King T, Kavanagh A, Jolley DGT, Crawford D. Weight and place: a multilevel
cross-sectional survey of area-level social disadvantage and overweight/
obesity in Australia. Int J Obes (Lond). 2006;30:281–7.

10. MacFarlane A, Abbott GR, Crawford D, Ball K. Sociodemographic and
behavioural correlates of weight among women with children living in
socioeconomically disadvantaged neighborhoods. Int J Obes (Lond).
2009;33:1289–98.

11. Ball K, Abbott G, Cleland V, Timperio A, Thornton L, Mishra G, et al. Resilience
to obesity among socioeconomically disadvantaged women: the READI study.
Int J Obes. 2012;36:855–65.

12. Ball K, Crawford D. Socioeconomic status and weight change in adults:
a review. Soc Sci Med. 2005;60:1987–2010.

13. Jeffery RW, French SA. Socioeconomic status and weight control practices
among 20-to-45-year-old women. Am J Public Health. 1996;86:1005–10.

14. Wardle J, Robb KA, Johnson F, Griffith JB, Brunner E, Power C, et al.
Socioeconomic variation in attitudes to eating and weight in female
adolescents. Health Psychol. 2004;23:275–82.

15. Ward H, Tarasuk V, Mendelson R. Socioeconomic patterns of obesity in
Canada: modeling the role of health behaviour. Appl Physiol Nutr Metab.
2007;32:206–16.

16. Sedentary Behavior Research Network. Letter to the editor: Standardized use
of the terms “sedentary” and “sedentary behaviours”. Appl Physiol Nutr
Metab. 2012;37:540–2.

17. Proper KI, Singh AS, Van Mechelen W, Chinapaw MJ. Sedentary behaviors
and health outcomes among adults: a systematic review of prospective
studies. Am J Prev Med. 2011;40:174–82.

18. Pedisic Z, Grunseit A, Ding D, Chau JY, Banks E, Stamatakis E, et al. High
sitting time or obesity: Which came first? Bidirectional association in a
longitudinal study of 31,787 Australian adults. Obesity. 2014;22:2126–30.



Compernolle et al. International Journal of Behavioral Nutrition and Physical Activity  (2015) 12:48 Page 9 of 9
19. Crawford D, Jeffery R, French S. Television viewing, physical inactivity and
obesity. Int J Obes Relat Metab Disord. 1999;23:437–40.

20. Jeffery RW, French SA. Epidemic obesity in the United States: are fast foods
and television viewing contributing? Am J Public Health. 1998;88:277–80.

21. Owen N, Bauman A, Brown W. Too much sitting: a novel and important
predictor of chronic disease risk? Br J Sports Med. 2009;43:81–3.

22. Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: the
population health science of sedentary behavior. Exerc Sport Sci Rev.
2010;38:105–13.

23. Hamilton MT, Healy GN, Dunstan DW, Zderic TW, Owen N. Too litlle
exercise and too much sitting: inactivity physiology and the need for new
recommendations on sedentary behavior. Curr Cardiovasc Risk Rep.
2008;2:292–8.

24. Ding D, Sugiyama T, Owen N. Habitual active transport, TV viewing and
weight gain: a four year follow-up study. Prev Med. 2012;54:201–4.

25. Wijndaele K, Lynch BM, Owen N, Dunstan DW, Sharp S, Aitken JF. Television
viewing time and weight gain in colorectal cancer survivors: a prospective
population-based study. Cancer Causes Control. 2009;20:1355–62.

26. Parsons T, Manor O, Power C. Television viewing and obesity: a prospective
study in the 1958 British birth cohort. Eur J Clin Nutr. 2008;62:1355–63.

27. Rhodes RE, Rachel SM, Temmel CP. Adult sedentary behavior. A systematic
Review. Am J Prev Med. 2012;42:e3–28.

28. Uijtdewilligen L, Twisk J, Singh AS, Chinapaw M, van Mechelen W, Brown W.
Biological, socio-demographic, work and lifestyle determinants of sitting in young
adult women: a prospective cohort study. Int J Behav Nutr Phys Act. 2014, 11;1:7.

29. Ball K, Cleland V, Salmon J, Timperio A, McNaughton S, Thornton L, et al.
Cohort Profile: The Resilience for Eating and Activity Despite Inequality
(READI) study. Int J Epidemiol. 2013;42:1629–39.

30. Statistics ABo. Census of population and housing - socio-economic indexes
for areas, Australia, 2001. Canberra: ABS; 2001.

31. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE,
et al. International Physical Activity Questionnaire: 12-country reliability and
validity. Med Sci Sports Exerc. 2003;55:1381–95.

32. Salmon J, Owen N, Crawford D, Bauman A, Sallis JF. Physical activity and
sedentary behavior: a population-based study of barriers, enjoyment, and
preference. Health Psychol. 2003;22:918–24.

33. Burton NW, Brown W, Dobson A. Accuracy of body mass index estimated
from self-reported height and weight in mid-aged Australian women. Aust
N Z J Public Health. 2010;34:620–3.

34. International Physical Activity Questionnaire. Guidelines for data processing and
analysis of the International Physical Activity Questionnaire (IPAQ). 2005. Accessed
January 26, 2015 from https://docs.google.com/viewer?a=v&pid=sites&srcid=
ZGVmYXVsdGRvbWFpbnx0aGVpcGFxfGd4OjE0NDgxMDk3NDU1YWRlZTM.

35. MacKinnon D, FA J, Fritz MS. Mediation analysis. Annu Rev Psychol.
2007;58:593–614.

36. E. SM. Asymptotic confidence intervals for indirect effects in structural
equation models. Sociol Methodol. 1982;13:290–312.

37. MacKinnon DP, Krull JL, Lockwood CM. Equivalence of the mediation,
confounding and suppression effect. Prev Sci. 2000;1:173–81.

38. Dunstan DW, Barr ELM, Healy GN, Salmon J, SJ E, Balkau B, et al. Television
viewing time and mortality: the Australian Diabetes, Obesity and Lifestyle
Study (AusDiab). Circulation. 2010;121:384–91.

39. Sanchez A, Norman GJ, Sallis JF, Calfas KJ, Rock C, Patrick K. Patterns and
correlates of multiple risk behaviors in overweight women. Prev Med.
2008;46:196–202.

40. Sugiyama T, Salmon J, Dunstan DW, Bauman A, Owen N. Neighborhood
walkability and TV viewing time among Australian adults. Am J Prev Med.
2007;33(6):444–9.

41. Bowman SA. Television-viewing characteristics of adults: correlations to eating
practices and overweight and health status. Prev Chronic Dis. 2006;3:A38.

42. Banks E, Jorm L, Rogers K, Clements R, Bauman A. Screen-time, obeisty, ageing
and disability: findings from 91 266 participants in the 45 and Up Study. Public
Health and Nutrition. 2010;14:34–43.

43. de Wit L, Van Straten A, Lamers F, Cuijpers P, Penninx B. Are sedentary
television watching and computer use behaviors associated with anxiety
and depressive disorders? Psychiatry Res. 2011;186:239–43.

44. Wijndaele K, Duvigneaud N, Matton L, Duquet W, Delecluse C, Thomis M,
et al. Sedentary behaviour, physical activity and a continuous metabolic
syndrome risk score in adults. Eur J Clin Nutr. 2009;63:421–9.

45. Duvigneaud N, Matton L, Wijndaele K, Deriemaeker P, Lefevre J, Philippaerts R,
et al. Relationship of obesity with physical activity, aerobic fitness and
muscle strength in Flemish adults. J Sports Med Phys Fitness.
2008;48:201–10.

46. Santos R, Soares-Miranda L, Vale S, Moreira CM AI, Mota J. 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.

47. Burazeri G, Goda A, Kark JD. Television viewing, leisure-time exercise qnd
acute coronary syndrome in transitional Albania. Prev Med. 2008;47:112–5.

48. Sirgy MJ, Lee D, Kosenko R, Lee Meadow H, Don R, Muris C, et al. Does
television viewship play a role in the quality of life? J Advert. 1998;27:125–42.

49. Yancey AK, Wold CM, McCarthy WJ. Physical inactivity and overweight
among Los Angeles County adults. Am J Prev Med. 2004;27:146–52.

50. Hamer M, Stamatakis E, Mishra GD. Television-and screen-based activity and
mental well-being in adults. Am J Prev Med. 2010;38:375–80.

51. De Cocker K, De Bourdeaudhuij I, Teychenne M, McNaughton S, Salmon J.
Educational inequalities in TV viewing among older adults: a mediation
analysis of ecological factors. Int J Behav Nutr Phys Act. 2013;10:138.

52. Salmon J, Owen N, Bauman A, Schmitz MK, Booth M. Leisure-time, occupational,
and household physical activity among professional, skilled, and less-skilled
workers and homemakers. Prev Med. 2000;30:191–9.

53. Chau JY, van der Ploeg HP, Merom D, Chey T, Bauman AE. Cross-sectional
associations between occupational and leisure-time sitting, physical activity
and obesity in working adults. Prev Med. 2012;54:195–200.

54. Wardle J, Steptoe A. Socioeconomic differences in attitudes and beliefs
about healthy lifestyles. J Epidemiol Community Health. 2003;57:440–3.

55. Chinn DJ, White M, Harland J, Drinkwater C, Raybould S. Barriers to physical
activity and socioeconomic position: implications for health promotion.
J Epidemiol Community Health. 1999;53:191.

56. Brown W, Miller Y, Miller R. Sitting time and work patterns as indicators of
overweight and obesity in Australian adults. Int J Obes (Lond). 2003;27:1340–6.

57. Stamatakis E, Grunseit AC, Coombs N, Ding D, Chau JY, Phongsavan P, 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.

58. Buckworth J, Nigg C. Physical activity, exercise, and sedentary behavior in
college students. J Am Coll Health. 2004;53:28–34.

59. Cleland V, Schmidt MD, Dwyer T. Television viewing and abdominal obesity
in young adults: is the association mediated by food and beverage
consumption during viewing time or reduced leisure-time physical activity?
Am J Clin Nutr. 2008;87:1148–55.

60. Scully M, Dixon H, Wakefield M. Associations between commercial television
exposure and fast-food consumption among adults. Public Health Nutr.
2009;12:105–10.

61. Ball K, Kenardy J. Body weight, body image, and eating behaviours:
relationships with ethnicity and acculturation in a community sample of
young Australian women. Eat Behav. 2002;3:205–16.

62. Wijndaele K, De Bourdeaudhuij I, Godino JG, Lynch BM, Griffin SJ, Westgate
K, et al. Reliability and validity of a domain-specific last 7-d sedentary time
questionnaire. Med Sci Sports Exerc. 2014;46:1248.

63. Besson H, Brage S, Jakes RW, Ekelund U, Wareham NJ. Estimating physical
activity energy expenditure, sedentary time, and physical activity intensity
by self-report in adults. Am J Clin Nutr. 2010;91:106–14.

64. Matton L, Wijndaele K, Duvigneaud N, Duquet W, Philippaerts R, Thomis M,
et al. Reliability and validity of the Flemish Physical Activity Computerized
Questionnaire in adults. Res Q Exerc Sport. 2007;78:293–306.

65. Marshall AL, Miller YD, Burton NW, Brown WJ. Measuring total and domain-
specific sitting: a study of reliability and validity. Med Sci Sports Exerc.
2010;42:1094–102.

66. Gardiner PA, Clark BK, Healy GN, Eakin EG, Winkler E, Owen N. Measuring
older adults’ sedentary time: reliability, validity, and responsiveness. Med Sci
Sports Exerc. 2011;43:2127–33.

67. Healy GN, Clark BK, Winkler EA, Gardiner PA, Brown WJ, Matthews CE.
Measurement of adults’ sedentary time in population-based studies. Am J
Prev Med. 2011;41:216–27.

68. Klesges RC, Eck LH, Mellon MW, Fulliton W, Somes GW, Hanson CL. The
accuracy of self-reports of physical activity. Med Sci Sports Exerc. 1990;22:690–7.

https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGVmYXVsdGRvbWFpbnx0aGVpcGFxfGd4OjE0NDgxMDk3NDU1YWRlZTM
https://docs.google.com/viewer?a=v&pid=sites&srcid=ZGVmYXVsdGRvbWFpbnx0aGVpcGFxfGd4OjE0NDgxMDk3NDU1YWRlZTM

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Procedure and participants
	Measures
	Predictor measures: socio-demographic variables
	Potential mediators: sedentary behaviors
	Outcome measure: BMI
	Covariate: total physical activity

	Data reduction and statistical analyses

	Results
	Participant characteristics
	Main associations between socio-demographic factors and BMI (path τ)
	Associations between socio-demographic variables and potential mediators (path α)
	Associations between potential mediators and BMI (path β)
	Mediation effects

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgement
	Author details
	References

