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Objectives:  Lack  of  physical  activity  (PA)  and  prolonged  sitting  time  (ST)  are  associated  with increased
risk  of  mortality  and  chronic  illnesses,  including  depression.  While  there  have  been  claims  that  the two
risks  are  ‘independent’,  their  joint  and  stratified  effects  are  unclear.  The  aim  of  this  study  was  to  explore
the combined  effects  of  physical  activity  and  sitting  time  on  the  12  year  risk  of depressive  symptoms  (DS)
in young  women.
Design: Cohort-9061  young  participants  in  the  Australian  Longitudinal  Study  on  Women’s  Health  com-
pleted  triennial  surveys  from  2000  (age 22–27),  to 2012.
Methods:  Generalised  Estimating  Equation  models  were  used  to calculate  the joint  effects  of PA and  ST
on  DS,  with  <4  h/day  of ST and the  highest  PA quartile  as the  reference  categories.  Relationships  between
PA  and  DS,  and  between  ST and  DS,  were  also  examined  after  stratification  by ST and  PA  respectively.
Results:  In  the  adjusted  joint  effects  model,  compared  with  the  reference  category  (low  sitting,  high  PA),
odds  for  DS  were  significantly  higher  in  women  who  sat for >4,  6 and  8  h/day  and  reported  doing  no
PA.  In  every  physical  activity  category,  women  who  sat for ≥10  h/day  were  at  highest  risk  of  DS  (OR for
lowest  physical  activity  quartile,  1.72 [95%  CI = 1.38–2.14];  OR for highest  physical  activity  quartile,  1.49
[95%  CI  =  1.16–1.91]).  After  stratification  by ST,  odds  of DS were  reduced  in  women  who  reported  any
physical  activity  (compared  with  none),  except  when  ST was  >10 h/day.  After  stratification  by physical
activity,  the  increased  risk  of  sitting  8–10 h/day  was attenuated  by any  physical  activity,  but  there  was

no  reduction  in  risk of depressive  symptoms  with  increasing  PA levels  in  women  who  sat  for  ≥10  h  per
day.
Conclusions:  These  data  suggest  that there  are  both  joint  and stratified  effects  of  too  little  activity  and
too  much  sitting  on the  risk  of  depressive  symptoms  in  young  women.  High  levels  of PA are  protective
against  the  hazards  of high  ST  at this  life  stage,  except  in women  with  very  high levels  of sitting.

© 2019  Sports  Medicine  Australia.  Published  by Elsevier  Ltd.  All  rights  reserved.
ractical implications

For young women who sit more than 10 h per day, physical activ-
ity does not protect against the risk of depressive symptoms.
However, as little as 17 min  a day of at least moderate intensity
physical activity offers protection against depressive symptoms
for those sitting less than 10 h per day.
Health professionals should be mindful of the volume of both

sedentary behaviour and physical activity when assessing client’s
behavioural health risks.

∗ Corresponding author.
E-mail address: toby.pavey@qut.edu.au (T.G. Pavey).
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440-2440/© 2019 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserve
1. Introduction

Depression is the most common mental health condition in the
general population, with serious implications for long term health
outcomes and quality of life. Estimates suggest that around one in
eight people worldwide suffer from depression at any time, and that
the prevalence has increased markedly in recent years.1,2 Depres-
sive disorders are estimated to become the second principal cause
of global disease burden by 2030.3

Several systematic reviews of population-based prospective
cohort studies have provided strong evidence that regular phys-
ical activity protects against the onset of depression symptoms

and major depressive disorders.4–6 Moreover, a meta-analysis of
49 prospective cohort studies has recently confirmed that high lev-
els of physical activity reduce the odds of developing depression in

d.

https://doi.org/10.1016/j.jsams.2019.06.010
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spent in walking, moderate and vigorous activity, using estab-
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en  and women of all ages, and in different geographic locations.7

s the oldest study included in that review was published in 1988,
ith another four published before 2000, our understanding of the
rotective effects of physical activity on depression and depressive
ymptoms is not new.

There is however a more recent and growing body of evi-
ence to suggest that sedentary behaviour (particularly in the
orm of prolonged sitting time) has detrimental effects on depres-
ion and depressive symptoms. Indeed, a recent meta-analysis of
1 prospective observational studies found that the highest lev-
ls of sedentary behaviour were associated with a 14% increased
isk of depression (when compared with the lowest levels).8 The
uthors noted that the effects were unchanged when analyses were

adjusted’ for physical activity, but that the heterogeneity of the
verall model was reduced when only studies that ‘adjusted’ for
hysical activity were included, pointing to an ‘independent’ effect
f sedentary behaviour on risk of depression. However, in their
iscussion, the authors suggested that sedentary behaviour may

displace’ physical activity, and that lack of physical activity might
herefore explain the observed increased likelihood of depressive
ymptoms.

However, while sedentary behaviour and physical activity are
t either end of the movement continuum, people who  sit for long
ours each day may  also be extremely physically active, and there is
urrently some confusion about whether the adverse health effects
f these two behaviours are ‘independent’ each other. In their 2015
ystematic review and meta-analysis of the relationships between
ospitalizations, all-cause mortality, cardiovascular disease, dia-
etes, and cancer in adults, Biswas and colleagues found that
prolonged sedentary time was independently associated” with
eleterious health outcomes, but noted that the negative effects
f high sitting time were “lower in magnitude in people with high
evels of physical activity.”9

In 2016, Ekelund et al. confirmed this observation; they used
 harmonized meta-analysis to demonstrate that high levels of
hysical activity (at least 60 min  per day) eliminated the negative
ffects of sitting time on all-cause mortality.10 A similar approach
as used to demonstrate that high volumes of physical activity
arkedly reduce the increased risks of sitting on cardiovascular

isease, and, to a lesser extent, cancer mortality.11 These analy-
es clearly demonstrated the joint effects of physical activity and
edentary behaviour on mortality.

To our knowledge, only two studies have examined the joint
ffects of physical activity and sedentary behaviour on mental
ealth outcomes. In 2008, Sanchez-Villagas et al. observed a 25%

ower risk of mental disorders after 6 years among Spanish grad-
ates who reported high physical activity and low sedentary time,
ompared with those who reported low physical activity and high
edentary time.12 In 2013, analysis of data from the mid-age cohort
f the Australian Longitudinal Study of Women’s Health (ALSWH)
howed a gradual increase in risk of depressive symptoms with
igher levels of sitting-time and lower levels of physical activity,
p to a tripled risk in women who sat >7 h/day and did no phys-

cal activity, (compared with women who sat ≤4 h/day and met
hysical activity guidelines).13

While both studies assessed the joint effects of physical activ-
ty and ST on depressive symptoms, neither assessed the potential

oderating effects of physical activity on relationships between
itting time and depressive symptoms, and conversely, the poten-
ial moderating effects of sitting time in the relationships between
hysical activity and depressive symptoms, which have rarely been

nvestigated.14

In this paper, we examine relationships between physical activ-

ty, sitting time and depressive symptoms in a large cohort of young
dult women. This is important because the prevalence of depres-
ion is high in young adulthood, and higher in women than in
Medicine in Sport 22 (2019) 1125–1131

men.1,15 Our previous work with this cohort has shown that 31–40%
of 24–36 year old women report physical activity levels that are
above the upper range of the current Australian guidelines.16 At
the same time, many have occupations that require them to sit for
long periods. Data from this cohort therefore provide an oppor-
tunity for examining the joint and potential moderating effects in
relationships between sitting time, physical activity and depressive
symptoms, especially when both sitting time and physical activity
are high.

The aim of this study was to assess the joint and stratified
effects of sitting and physical activity on depressive symptoms over
12 years, using data from the young cohort of the ALSWH, who were
between 22 and 39 years old at the time of data collection.

2. Methods

The ALSWH is a prospective study of factors shaping the health
and well-being of three cohorts of Australian women  (young, born
in 1973–1978; mid-age, 1946–1951; and older, 1921–1926), who
were randomly recruited from the national Medicare health insur-
ance database. The focus of this paper is on the young cohort which
was, at the time of recruitment, generally representative of women
the same age in the Australian population.17 An update of the pro-
file of the continuing cohort was  published in 2015.18 The study
was approved by the Universities of Newcastle and Queensland
Research Ethics Committees and all participating women provided
informed consent.

The women  completed surveys with questions about a range
of health issues, behaviours, health services and social and demo-
graphic factors in 1996, 2000 and then at three year intervals to
2012. Full details of each survey can be found at www.ALSWH.org.
au. As the physical activity (PA) questions were different in the first
survey in 1996, data from the second survey in 2000 were used
as the baseline for the current study, with data also drawn from
surveys conducted in 2003, 2006, 2009 and 2012. Women  were
included at each stage if they provided data on the explanatory
variables in one year (2000, 2003, 2006, 2009) and the outcome
variable at the next survey (2003, 2006, 2009, 2012). The numbers
of women  included at each stage are shown in Supplementary Fig.
S1.

Depressive symptoms were assessed using the 10-item Cen-
ter for Epidemiological Studies Depression Scale (CESD-10), with
a range of scores from 0 to 30.19 Scores were dichotomized as
depressive symptoms (≥10) or no depressive symptoms <10).19

Sitting time was  assessed by the question “Think about all
the time you spend sitting EACH DAY while at home, at work,
while getting from place to place or during your spare time.
How many hours EACH DAY do you typically spend sitting down
while doing things like visiting friends, driving, reading, watch-
ing television, or working at a desk or computer on (a) a usual
week-day and (b) a usual weekend-day”. Mean sitting time in
h/day was calculated as ((weekday sitting × 5 + weekend day sit-
ting × 2)/7), and cleaned using protocols developed by van Uffelen
et al.20 This question is similar to that included in the Inter-
national Physical Activity Questionnaire, which has been shown
to have good reliability (correlation coefficient 0.77 for women)
and moderate criterion validity (correlation coefficient 0.44 for
women) against accelerometers (<100 counts/min).21 Sitting-time
data were categorised as 0 to 4 h/day, 4 to <6 h/day, 6 to <8 h/day, 8
to <10 h/day and ≥10 h/day, in line with previous studies.22 Phys-
ical activity scores were calculated from questions about time
lished protocols,23 (Score = walking + moderate min  per week*3.33
MET) + (vigorous min  per week*6.66 MET), and categorized as quar-
tiles of PA (described as lowest (median value 1.3 MET.h/week);

http://www.ALSWH.org.au
http://www.ALSWH.org.au
http://www.ALSWH.org.au
http://www.ALSWH.org.au
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ow (6.6 MET.h/week); moderate (15.0 MET.h/week); or high (32.9
ET.h/week). The physical activity measure has been shown to

ave acceptable measurement characteristics.24

Socio-demographic and behavioural variables, including age,
rea of residence, highest level of education, and marital sta-
us, smoking status, and alcohol consumption were categorised as
hown in Table 1. Health-related variables included: number of
hronic conditions diagnosed by a doctor in the previous 3 years
including various cardiovascular, metabolic, respiratory and mus-
uloskeletal conditions, 13 in total, see Table 1); and BMI  (kg/m2;
alculated using self-reported weight and height, and categorised
s underweight, BMI  < 18.5; normal weight, 18.5 ≤ BMI<25; over-
eight, 25 ≤ BMI  <30; or obese, BMI  ≥ 30.25

Differences in baseline covariates between the PA groups (none,
ow, moderate and high) were analysed using the Chi-square test
or categorical variables and ANOVA for continuous variables. The
oint effects of sitting-time and PA on depressive symptoms were
nvestigated using linear generalised estimating equation models

ith a 3-year time lag, in which PA and sitting scores measured
t surveys 2 to 5 were matched with depressive symptoms scores
easured at surveys 3 to 6. Odds ratios for the occurrence of depres-

ive symptoms were calculated for each category of sitting by each
uartile of PA, with <4 h/day of sitting and the highest PA quartile as
he reference category. To enhance comparability of results, models
ere adjusted for the same covariates as in previous studies.22,26

hese covariates were also entered into models using a 3-year time
ag, with measures taken from surveys 2 to 5.

The moderating effects of ST on the relationship between PA and
epressive symptoms were then investigated using data stratified
y ST level, and the moderating effects of PA on the relationship
etween ST and depressive symptoms were examined, after strat-

fication of the data by PA categories. We  tested the trends for
robability of DS for the joint effects, and within each stratum of
T and physical activity, using the Wald test. All statistical analyses
ere conducted in SPSS version 22. P-values were based on two-

ided tests and were considered statistically significant at p < 0.05.

. Results

Of the 8921 women who returned baseline depressive symp-
oms data in 2003, 2716 had missing data on explanatory variables
n 2000 (see Supplementary Table S1). Therefore the analysis sam-
le included 6205 women. Characteristics of these women are
hown in Table 1. In 2000 their mean age was 24.6 (range 20.6
o 28.5) years. There were no differences between the included
nd excluded women in terms of age, PA, sitting time, number of
hildren, BMI  and chronic conditions. The included women  were
lightly more likely to be from rural areas, to have higher education,
nd to be married/partnered, non-smokers, and low risk drinkers
p < 0.05).

The prevalence data for DS, ST and PA at each survey are shown
n Supplementary Table S1. The proportion of women  with DS
ecreased slightly between 2003 (24.9%) and 2012 (19.6%). The pro-
ortions of women in each ST category remained relatively stable
cross surveys; around 10% reported sitting for more than 10 h/day.
otably, women in the highest PA quartile had a median PA score
f 32.9 MET.h/week, which is equivalent to 42 min  of vigorous PA
aily.

The joint effects of PA and sitting time on depressive symptoms
p for trend < 0.001) are shown in Fig. 1. Among women in the least
ctive quartile (median 1.33 MET-h/week, or ≈5 min  of daily mod-

rate intensity PA), there was a clear dose-response relationship,
ith ORs for DS from 1.2 to 1.72, compared with the referent cate-

ory (low sitting, high PA). Dose-response relationships were less
vident in the other PA categories. However, in every PA category,
Medicine in Sport 22 (2019) 1125–1131 1127

women who sat the most (≥10 h per day) had markedly increased
odds of depressive symptoms (range OR 1.35–1.72), regardless of
PA level.

When the data were stratified by sitting category (Table 2), there
were significant reductions in the odds of DS in sitting strata 2, 3
and 4 (p < 0.001). Reporting any amount of PA above the lowest
category reduced the risk of depressive symptoms in each of the ST
strata. The exception was in the highest ST category; there was  no
reduction in risk of depressive symptoms with increasing PA levels
in women  who sat for ≥10 h per day.

When stratified by PA level (Table 3), there was a significant
trend across all PA strata (p < 0.02). Compared with women  in
each PA quartile who sat the least, the data confirmed that the
odds of depressive symptoms were 39–62% higher in women who
sat the most (≥10 h per day). In the lowest PA quartile, women
who sat for 8–<10 h/day were also at increased risk of depres-
sive symptoms, but this increase was attenuated in the other PA
strata.

4. Discussion

The aim of this study was  to assess the joint and stratified
effects of sitting and physical activity on depressive symptoms over
12 years, in young adult women.

The main findings from the analysis of the joint effects of phys-
ical activity and sitting time were that, regardless of physical
activity, sitting for more than 10 h/day increased the likelihood of
depressive symptoms by between 21 and 73%, and there was a clear
dose-response relationship between sitting time and depressive
symptoms in women who reported minimal physical activity.

Stratification by sitting time showed the attenuating effects of
physical activity on risks of depressive symptoms across all lev-
els of sitting time, except in the highest sitting time category
(>10 h/day). Most importantly, when sitting time was very high,
the dose-response protective relationship between physical activ-
ity and depressive symptoms was  lost. Stratification by physical
activity also confirmed the hazards of sitting >10 h/day, regardless
of physical activity level, but showed an attenuating effect of even
low levels of physical activity (about 17 min. of moderate inten-
sity activity/day) on the 30% increase risk of DS  when sitting for
8–10 h/day, which was  observed in the lowest physical activity
category.

Numerous prospective studies have clearly demonstrated the
beneficial effects of physical activity and the harmful effects of high
sitting time on depressive symptoms. The meta-analysis by Schuch
et al. showed that, compared with the lowest physical activity lev-
els, the highest levels reduced the odds of depressive symptoms
by 17%.7 The risk reductions associated with high physical activity
were somewhat greater in our study (19–28%), when the effects of
sitting time were taken into account. Moreover, the meta-analysis
by Zhai et al. showed that increasing sitting time was  associated
with a 14% increased risk of depressive symptoms in prospective
studies.8 The risk estimates were markedly higher in our study
when reported sitting time was  >10 h/day (ORs 1.39–1.62 in the
different physical activity strata). Overall, the pattern of our results
was similar to that seen for physical activity stratified relationships
between sitting time and CVD mortality, which also showed the
strongest relationships between sitting and CVD mortality when
physical activity levels were low.11 However, as suggested by Katz-
marcyk and Pate, it is important to also consider the effects of sitting
time on relationships between physical activity and depressive

symptoms.10 Our results indicate that the dose-response relation-
ship between physical activity and depressive symptoms is similar
at most levels of sitting, but is not evident when sitting time exceeds
10 h/day.
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Table 1
Characteristics of the included and excluded women  in 2000. (ALSWH 1973–78 cohort).

Analysis samplen = 6205 Excluded from analysisn = 2716 P-valuesa

Age (mean (SD)) 24.6 (1.5) 24.5 (1.5) 0.300
%  %

Physical activity 0.337
Lowest (1.3 MET.h/week) 24.7 25.3
Low  (6.6 MET.h/week) 25.0 21.8
Moderate (15.0 MET.h/week) 23.8 22.8
High (32.9 MET.h/week) 25.5 27.1
Missing 1.1 3.0

Sitting time 0.105
0–<4 h/day 20.1 21.5
4–<6 h/d ay 26.3 24.6
6–<8 h/day 21.8 20.7
8–<10 h/day 16.1 13.7
≥10  h/day 10.0 9.7
Missing 5.7 9.7

Socio-demographic factors
Area of residence 0.005

Urban  54.0 58.0
Rural 41.9 37.7
Remote 3.8 3.7
Missing 0.4 0.6

Education <0.001
<12  years of school 10.0 14.1
12  years of school 23.8 24.1
Post school certificate 24.3 23.1
Degree/higher degree 40.2 33.8
Missing 3.3 4.8

Marital status <0.001
Partnered/married 46.4 39.3
Single 51.9 57.9
Separated/widowed 1.3 2.5
Missing 0.4 0.7

Number of children 0.301
None  81.7 83.0
One  10.9 10.8
Two 5.7 4.3
Three or more 1.7 1.0
Missing 0.1 0.8

Lifestyle factors
Smoking status <0.001

Non  smoker 58.3 51.8
Ex  smoker 14.4 14.2
Current smoker 26.6 32.9
Missing 0.7 1.1

Alcohol status <0.001
Non  drinker 8.6 10.7
Rare drinker 28.8 29.1
Low  risk drinker 58.7 54.6
Risky/high risk drinker 3.4 4.9
Missing 0.6 0.9

Health-related factors
BMI  0.226

Underweight 6.9 6.5
Healthy 57.6 52.7
Overweight 18.1 16.5
Obese 9.7 9.2
Missing 8.8 15.0

Chronic conditionsb 0.301
None  60.6 57.8
One  25.8 26.4
Two 9.4 9.5
Three or more 3.9 4.6
Missing 0.9 1.6

ke, th
c

s
a
r
e
a
c

a Chi-squared except ANOVA for age.
b Chronic conditions included: arthritis, type1/type2 diabetes, heart disease, stro

hronic fatigue syndrome, HIV or AIDS, Hepatitis (B or C), other major illness.

The potential mechanisms underlying the observed relation-
hips between physical activity, sitting time and mental health
re thought to include effects mediated by endorphins and neu-

otransmitters, enhanced blood flow to brain regions involved in
motional regulation; disruption of the hypothalamic-pituitary-
drenocortical axis that regulates the endocrine response to stress,
hanges in body temperature and improved sleep.27,28 Physical
rombosis, asthma, bronchitis, osteoporosis, cancer (breast, cervical, bowel, other),

activity may  also allow time away from stressful situations, is
associated with improved self-esteem, and may  provide opportuni-
ties for social engagement. Conversely, sedentary time may  reduce

5,30
opportunities for social interaction.
Our data clearly show the importance of considering both these

behaviours when considering risk of developing depressive symp-
toms, because patterns of moving and sitting vary enormously
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Fig. 1. Joint effects of physical activity and sitting time on depressive symptoms (cumulative N = 23,552 observations; 5241 ‘cases’ (DS)). Reference category high PA (32.9
MET-h/wk) and low sitting (<4 h/day). Median MET.h/week values are equivalent to ≈5 min/day (Q1); 17 min/day (Q2); 38 min/day (Q3); and 85 min/day (Q4) of moderate
intensity physical activity.

Table 2
Associations between physical activity and depressive symptoms (N = number of observations; and DS cases) stratified by sitting time category.

Quartiles of PA Met-h/wk*

Sitting (categories) Q1 Lowest
(1.3 Met-h/wk)

Q2
(6.6 Met-h/wk)

Q3
(15.0 Met-h/wk)

Q4 Highest
(32.9 Met-h/wk)

1
(0  to <4 h/d)

1.00 [Reference]
(N = 1230; 292)

0.77 (0.63–0.94)
(N = 1265; 236)

0.83 (0.68–1.01)
(N = 1440; 283)

0.81 (0.66–0.99)
(N = 1437; 285)

2
(4  to <6 h/d)

1.00 [Reference]
(N = 1432; 371)

0.71 (0.59–0.85)
(N = 1574; 299)

0.67 (0.56–0.80)
(N = 1690; 300)

0.75 (0.62–0.91)
(N = 1604; 324)

3
(6  to <8 h/d)

1.00 [Reference]
(N = 1132; 305)

0.84 (0.70–1.02)
(N = 1286; 298)

0.77 (0.64–0.94)
(N = 1431; 295)

0.72 (0.59–0.88)
(N = 1413; 279)

4
(8  to <10 h/d)

1.00 [Reference]
(N = 1006; 302)

0.69 (0.55–0.86)
(N = 959; 206)

0.69 (0.56–0.86)
(N = 1176; 237)

0.75 (0.60–0.94)
(N = 981; 212)

5
(≥10  h/d)

1.00 [Reference]
(N = 712; 237)

0.92 (0.72–1.19)
(N = 634; 185)

0.82 (0.63–1.05)
(N = 645; 161)

0.89 (0.67–1.17)
(N = 505; 134)

Reference categories are the groups in the lowest quartile of physical activity for all categories of sitting.
* = median MET-h/week in each PA category. The equivalent amounts of time spent in moderate intensity activity are ≈5 min/day (Q1); 17 min/day (Q2); 38 min/day (Q3);

and  85 min/day (Q4). Covariates: area of residence, education, marital status, number of children, smoking status, alcohol status, BMI, chronic conditions.

Table 3
Associations between sitting time and depressive symptoms (N = number of observations; and DS cases) stratified by quartiles of physical activity.

Sitting (categories)

Quartiles of PA
Met-h/week*

1
(0 to <4 h/d)

2
(4 to <6 h/d)

3
(6 to <8 h/d)

4
(8 to <10 h/d)

5
(≥10 h/d)

Q1  Lowest
(1.3 Met-h/week)

1.00 [Reference]
(N = 1230; 292)

1.09 (0.90–1.31)
(N = 1432; 371)

1.13 (0.92–1.38)
(N = 1132; 305)

1.30 (1.06–1.61)
(N = 1006; 302)

1.41 (1.12–1.77)
(N = 712; 237)

Q2
(6.6  Met-h/week)

1.00 [Reference]
(N = 1265; 236)

1.01 (0.83–1.23)
(N = 1574; 299)

1.21 (0.99–1.50)
(N = 1286; 298)

1.08 (0.85–1.37)
(N = 959; 206)

1.62 (1.26–2.08)
(N = 634; 185)

Q3
(15.0  Met-h/week)

1.00 [Reference]
(N = 1440; 283)

0.89 (0.74–1.07)
(N = 1690; 300)

1.08 (0.89–1.31)
(N = 1431; 295)

1.07 (0.87–1.33)
(N = 1176; 237)

1.39 (1.09–1.76)
(N = 645; 161)

Q4  Highest
(32.9 Met-h/week)

1.00 [Reference]
(N = 1437; 285)

1.01 (0.84–1.23)
(N = 1604; 324)

1.00 (0.82–1.22)
(N = 1413; 279)

1.19 (0.96–1.48)
(N = 981; 212)

1.54 (1.19–1.99)
(N = 505; 134)

R ical ac
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eference categories are the groups with <4 h/day of sitting for all quartiles of phys
* = median MET-h/week in each PA category. The equivalent amount of time spen

nd  85 min/day (Q4). Covariates: area of residence, education, marital status, numb
t this life stage. The results clearly show that the highest lev-
ls of sitting time (>10 h/day) are associated with large increases
n risk of depressive symptoms, regardless of physical activity
evel, but that at slightly lower levels of sitting (8–10 h/day) there
tivity.
oderate intensity activity are ≈5 min/day (Q1); 17 min/day (Q2); 38 min/day (Q3);
hildren, smoking status, alcohol status, BMI, chronic conditions.
is some protection against depressive symptoms when physical
activity is as little as 17 min/day. Women whose work and travel
commitments enforce high periods of sitting should therefore be
encouraged to accumulate even low levels of daily physical activity.
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e  acknowledge that making time for structured physical activity
ay  be challenging for women  at this life stage, when most have

ommitments to paid and unpaid work, and many have childcare
esponsibilities.29 Notwithstanding the challenges to being more
hysically active, cconfirmation that sitting for more than 10 h/day
ignificantly increases the risk of depressive symptoms regardless
f physical activity, is important, and suggests that such high levels
f sitting should be avoided.

Although two earlier studies assessed the joint effects of phys-
cal activity and sitting time on depressive symptoms, to our
nowledge, this is the first study to have examined the interac-
ions carefully using both joint and stratified analyses, and the first
o focus on young adults. By using four categories for physical activ-
ty and five categories for sitting time, we were able to examine
he effects across the full range of exposures, which is important
hen dose-response relationships may  not always be linear. Fur-

her, the study included a large representative population-based
ample, long-term follow-up, and inclusion of many confounding
ariables.

The main limitation of this study is that all the data were self-
eported and may  therefore be prone to bias. However, previous
ssessments of the CESD-10,19,30 7-day physical activity recall,31

nd total sitting time,21 have indicated acceptable psychometric
roperties. Unfortunately, our sitting time measure was  for total
itting time, and we could not distinguish between ‘passive’ (e.g.
V viewing) and mentally active (e.g. reading and problem solv-
ng) sitting. This may  be important, as two recent cohort studies
ave shown differential associations of passive and mentally-active
edentary behaviors, where the former appear to increase the
isk of depression, which the latter may  protect against depres-
ion onset. Future studies should therefore aim to identify the
otentially unique effects of these variables on mental health
utcomes.32,33 We  acknowledge that there may  be an issue of

reverse’ causality in these data. Although the models used a time
agged approach, with the exposure preceding the outcome by
hree years, previous research has shown that, while women  who

et  the PA guidelines were less likely to report depressive symp-
oms, depressive symptoms were associated with lower levels of
A. However, this association was not apparent for depressive
ymptoms and future sitting time.13

. Conclusion

There is a very strong dose-response relationship between sit-
ing time and depressive symptoms when physical activity levels
re low; even moderate daily sitting times (4–8 h per day) are
ssociated with significantly increased risk of depressive symp-
oms. Although physical activity markedly attenuates the risks of
epression associated with sitting, when sitting time is greater
han 10 h/day the protective effects of physical activity are mini-

al. Given the disease burden attributable to depressive disorders,
ur findings suggest that young adult women should be encour-
ged to keep sitting time to less than 8 h per day and to maintain at
east low levels of physical activity. Sitting for 10 h per day or more
hould be avoided.
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