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IntroductIon
Overweight/obesity and depression represent two of the most 
significant public health problems in developed countries (1,2). 
Cross-sectional evidence suggests that obese people are more 
likely to experience depression (3–6), but longitudinal cohort 
studies provide mixed evidence. Roberts and colleagues 
found a significant positive association between baseline 
BMI >85th percentile and self-reported depressive symptoms 
after 1 year (7), and a significant association between baseline 
BMI ≥30 kg/m2 and incident but not prevalent symptoms after 
5 years (8,9). Herva and colleagues found a positive prospective 
association between obesity at age 14 and depression at age 31, 
but not between overweight and depression (10). Women who 
gained weight from 14 to 31 years of age (to BMI >25 kg/m2  
at 31) were no more likely to report depressive symptoms than 
those who maintained healthy weight, but were twice as likely 
to report using antidepressants.

The relationship between obesity and depressive  symptoms 
may be explained in part by physical inactivity (11). Individuals 
who are obese are more likely to be inactive than those of healthy 
weight (5,12–14), and some prospective studies have found an 

inverse relationship between physical activity (PA) and preva-
lent and incident depressive symptoms after 5 (refs. 15,16), 8 
(refs. 17,18), 9 (ref. 19), and 20 years (20). Other studies how-
ever, have found no relationship after 5 (ref. 21), 15 years (22), 
and after excluding those depressed at baseline (23). Evidence 
from randomized controlled trials is limited but suggests that 
PA can ameliorate depressive symptoms (24,25). These studies 
have not reported on the concurrent weight and PA change 
among participants.

In light of the unclear relationships between overweight/obes-
ity, PA and depression, the aims of this study were to examine, 
in a population-based sample of young women, the prospective 
associations over 3 years between (i) BMI and PA, and depres-
sive symptoms; and (ii) changes in BMI and PA, and depres-
sive symptoms. Young women were the focus of this study, 
because they comprise a group at high risk of weight gain (26), 
and of depression (27). It was hypothesized that (i) overweight 
and obesity would be positively associated, and PA would be 
negatively associated, with depressive symptoms at 3-year fol-
low-up; (ii) the prospective association between overweight and 
obesity and depressive symptoms would be attenuated by PA;  
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(iii) increased BMI would be associated with increased odds of 
depressive symptoms at 3-year follow-up; and (iv) sedentary 
women who increased their PA would demonstrate reduced 
odds of depressive symptoms, regardless of any change in BMI.

Methods and Procedures
This study used data provided by participants in the Australian 
Longitudinal Study on Women’s Health (ALSWH). Three age cohorts 
of women were selected randomly from the national Medicare health 
insurance database (which includes all citizens and permanent residents 
of Australia) (28). Further details of recruitment, response rates and 
surveys can be found at http://www.alswh.org.au. All applicable insti-
tutional and governmental regulations concerning the ethical use of 
human volunteers were followed during this research. Ethical clearance 
for the study was obtained from the University of Newcastle, Australia.

This paper focuses on the younger cohort (aged 18–23 years at base-
line in 1996), and mail surveys conducted in 2000 and 2003 (since the 
outcome measure of depression was not included in earlier surveys). In 
total, 7,790 women responded to both surveys. Retention rates were 68% 
(2000) and 64% (2003), with attrition associated with lower education, 
being born outside Australia, and being a smoker. Further information on 
response rates, attrition and characteristics of nonrespondents is provided 
elsewhere (29). After exclusion of 927 pregnant women (and 186 who did 
not respond to the pregnancy question), data from 6,677 women were 
included in these analyses.

Measures
Surveys included the Center for Epidemiologic Studies Depression Scale 
(CESD-10) which has been well-validated and has good test-retest and 
predictive validity (30). CESD-10 scores of ≥10 were used to indicate 
depressive symptoms (30).

Participants were asked to report height and weight; BMI was cal-
culated (BMI = weight kg/height m2) and categorized as underweight 
(BMI < 18.5 kg/m2), healthy weight (BMI 18.5–24.9 kg/m2), overweight 
(BMI 25–29.9 kg/m2) or obese (BMI ≥ 30 kg/m2) (31). Women were 
categorized as BMI maintainers (2003 BMI within 5% of 2000 BMI), 
BMI decreasers (2003 BMI more than 5% lower than 2000 BMI) or BMI 
increasers (two categories: 2003 BMI more than 5% but less than or equal 
to 10% greater than 2000 BMI; or 2003 BMI more than 10% greater than 
2000 BMI) (26).

PA items assessed the frequency and duration of walking (for recrea-
tion or transport), and of moderate- and vigorous-intensity activity in 
the last week. These questions have demonstrated reliability and validity 
(32,33). Total MET minutes/week were calculated as (walking minutes × 
3.5) + (moderate minutes × 4) + (vigorous minutes × 7.5) (ref. 34), and 
PA was categorized as: none (0 to <40 MET minutes); very low (40 to 
<300); low (300 to <600); moderate (600 to <1,200); or high (≥1,200). 
The lower cut-point for the moderate category is equivalent to 150 min 
of moderate-intensity activity per week, as recommended in current 
Australian and US guidelines (e.g., ref. 35). PA change was categorized 
as: remaining at none/very low level; increasing from none/very low to 
low, increasing from none/very low to moderate, or increasing from none/
very low to high.

The following covariates were assessed in 2003: highest educational 
qualification, marital status, occupation; smoking status, parity status 
(pregnant women were excluded), and existence of a serious health prob-
lem/disability (for details see Table 1).

statistical analyses
All statistical analyses were performed using SPSS version 12 (SPSS for 
Windows, Release 11.0.0; SPSS, Chicago, IL). To maximize the number 
of women whose data could be included in these analyses, missing cat-
egories were created for PA, BMI and occupation. Analyses of variables 
associated with depressive symptoms (2003 CESD-10 ≥10) were con-
ducted using χ2-tests. Means and 95% confidence intervals (CIs) for 
depressive symptoms (continuous 2003 CESD-10 scores) were calcu-
lated for each 2000 BMI and 2000 PA category.

table 1 sociodemographic and health characteristics of 
women in the analysis sample, and proportions of women 
in each category with depressive symptoms (cesd ≥10) 
in 2003

Analysis  
sample  

n = 6,677 
(%)

CESD ≥10*  
n = 1,691 

(26% of analytic  
sample) (%)

2003 Education P < 0.001

 No formal/year 10 9.2 34.9

 Year 12 18.2 31.6

 Trade/apprentice/certificate/ 
 diploma

24.7 28.2

 University degree/higher degree 47.9 20.3

2003 Marital status P < 0.001

 Never married 39.6 28.7

 Married/de facto 57.1 22.3

 Separated/divorced/widowed 3.3 53.3

2003 Occupation P < 0.001

 Manager/professional/associate  
 professional

46.9 20.9

 Trades/advanced clerical/service 15.4 25.3

 Intermediate/elementary clerical/ 
 sales/service/transport/laborer

20.6 29.1

 No paid job 16.1 35.8

 Missing 1.1 32.8

2003 Smoking status P < 0.001

 Never smoker 59.1 22.2

 Ex-smoker 16.9 27.1

 Current smoker 24.0 33.9

Parity status (women pregnant at 
either survey were excluded)

P < 0.001

 Never had live birth 64.7 23.3

 First birth between 2000 and 2003 8.5 21.0

 First birth between 1996 and 2000 9.6 30.8

 First birth before 1996 6.1 38.7

2003 Health problems P < 0.001

 Have health problem/disability 1.0 51.6

 No health problem/disability 99.0 25.5

2000 BMI P < 0.001

 Healthy weight 57.8 23.0

 Underweight 6.0 27.4

 Overweight 18.1 28.2

 Obese 9.1 35.1

2000 Physical activity P < 0.001

 None 8.7 35.6

 Very low 17.4 28.6

 Low 15.9 24.1

 Moderate 23.6 24.8

 High 32.1 23.1

*P values indicate significant association (assessed using χ2-test) between 
predictor variable and depressive symptoms (CESD ≥10).
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Since associations of PA and BMI category with 2003 CESD-10 scores 
were found to be nonlinear, 2003 CESD scores were dichotomized and 
analyzed using the logistic procedure. Crude and adjusted odds ratios 
(ORs) and 95% CIs were calculated for depressive symptoms (2003 
CESD-10 ≥10). Two sets of models were used to investigate associations 
of 2000 BMI (Model 1) and 2000 PA (Model 2) with 2003 depressive 
symptoms. These models were: (i) unadjusted ORs (and 95% CI) for 
women in each 2000 BMI and each 2000 PA category; (ii) ORs (and 
95% CI) adjusted for 2000 CESD-10 scores and for sociodemographic, 
behavioral and health covariates; (iii) ORs (and 95% CI) adjusted for 
the variables included in (ii), and for 2000 PA (Model 1) or 2000 BMI 
category (Model 2).

Similarly, the logistic procedure was used to calculate crude and 
adjusted ORs and 95% CI for depressive symptoms by change in BMI 
category (Model 1), or change in PA (Model 2). Model 2 included data 
from women in the none or very low PA categories in 2000. For Models 
1 and 2, covariates were as described in (ii) and (iii) above. Model 2 was 
also examined after adjustment for change in BMI (hypothesis 4).

results
The sociodemographic and health characteristics of the 
6,677 women in this analysis sample, and the proportions of 
women in each category with CESD-10 score ≥10 in 2003, are 
presented in Table 1. More than a quarter of the sample had 
CESD-10 scores >10, suggesting depressive symptoms in 2003, 
compared with 29% in 2000. Of those with depressive symp-
toms in 2000 (n = 1,861), 50% also had depressive symptoms in 
2003; of those with no depressive symptoms in 2000, 16% (n = 
705) had depressive symptoms in 2003.

Mean CESD-10 scores in 2003, by (2000) BMI and PA cat-
egories, are shown in Table 2. This table shows that, in general, 
mean CESD-10 scores in the healthy weight and overweight 
BMI categories decreased with increasing PA, with the largest 
difference observed between the none and very low PA catego-
ries. For the obese and underweight BMI categories, there was 
no consistent downward trend in CESD-10 scores with higher 

table 2 Mean cesd-10 scores in 2003 for women in each 
2000 BMI and physical activity category

2000 BMI

2000 
Physical 
activity n

Mean 
CESD-10 95% CI

Healthy weight None 283 8.16 7.46 8.85

Very low 659 7.05 6.65 7.47

Low 585 6.35 5.95 6.74

Moderate 898 6.32 5.99 6.66

High 1,294 6.22 5.94 6.49

Missing 87 5.49 4.61 6.36

Underweight None 43 7.60 5.80 9.40

Very low 69 6.68 5.58 7.78

Low 66 6.55 5.43 7.66

Moderate 90 7.08 5.92 8.24

High 113 7.45 6.39 8.51

Missing 10 6.50 1.43 11.57

Overweight None 99 9.00 7.73 10.28

Very low 201 7.35 6.60 8.08

Low 185 7.16 6.42 7.90

Moderate 299 6.99 6.43 7.55

High 379 6.66 6.12 7.19

Missing 21 8.60 5.91 11.29

Obese None 76 8.58 7.23 9.94

Very low 125 7.73 6.78 8.68

Low 105 8.39 7.19 9.60

Moderate 133 8.24 7.23 9.25

High 146 7.76 6.87 8.66

Missing 11 12.21 8.07 16.35

CI, confidence interval.

table 3 unadjusted and adjusted odds ratios (ors) and 95% confidence intervals (cIs) for 2003 cesd-10 scores ≥10 by 2000 BMI 
(Model 1) and 2000 physical activity (Model 2) categories

N
Unadjusted 

OR 95% CI
OR adjusted 

for covariatesa 95% CI
OR fully 

adjustedb 95% CI

Model 1: 2000 BMI

 Healthy weight 3,858 1.00 1.00 1.00

 Underweight 401 1.26 0.99 1.60 1.09 0.84 1.43 1.09 0.83 1.42

 Overweight 1,207 1.32 1.14 1.53 1.21 1.02 1.43 1.21 1.03 1.43

 Obese 610 1.81 1.50 2.18 1.34 1.09 1.67 1.33 1.08 1.65

 Missing 601 1.33 1.10 1.62 1.07 0.85 1.34 1.07 0.85 1.34

Model 2: 2000 physical activity

 None 583 1.00 1.00 1.00

 Very low 1,164 0.72 0.58 0.90 0.90 0.70 1.15 0.91 0.71 1.16

 Low 1,061 0.58 0.46 0.72 0.76 0.59 0.99 0.77 0.59 0.99

 Moderate 1,573 0.60 0.49 0.74 0.82 0.65 1.04 0.82 0.65 1.05

 High 2,145 0.54 0.45 0.66 0.78 0.62 0.98 0.79 0.63 1.00

 Missing 151 0.61 0.41 0.93 1.28 0.76 2.14 1.29 0.77 2.17

Significant associations shown in boldface.
aCovariates were 2003 highest educational qualification, 2003 marital status, 2003 occupation, 2003 smoking status, parity status across all surveys, 2003 health 
problem/disability and 2000 CESD-10 score. bCovariates were those above, as well as 2000 physical activity (Model 1) and 2000 BMI (Model 2).
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levels of PA. Mean CESD-10 scores were generally higher for 
women in the obese BMI category than the healthy weight 
 category, regardless of PA level.

The ORs (and 95% CIs) for depressive symptoms (CESD-10 
≥10) in 2003, by (2000) BMI and PA categories, are shown in 
Table 3. Compared with women in the healthy weight range, 
and after adjustment for all covariates, the odds of depres-
sive symptoms in 2003 were higher among women who were 
overweight or obese in 2000 (Model 1, Table 3). Adjustment 
for PA level in 2000 had negligible impact on these ORs. In 
contrast, adjusted odds of depressive symptoms in 2003 were 
lower among women who reported any level of PA, compared 
with women who reported none (Model 2, Table 3). After 
adjustment for sociodemographic variables and BMI, ORs for 
depressive symptoms in 2003 became nonsignificant for the 
very low category, but remained significantly lower among 
women who reported low, moderate (borderline significant) 
or high levels of PA.

The associations between changes in BMI and changes in PA 
over 3 years and depressive symptoms (CESD-10 ≥10) in 2003 
are shown in Figure 1. The upper panel shows that, compared 

with women who maintained their weight, women whose BMI 
changed had an increased risk of depressive symptoms in 2003. 
This was true for those whose BMI decreased, as well as for 
those whose BMI increased. However, after adjustment for the 
covariates, including PA in 2000, ORs were significant only 
for women whose BMI decreased (P = 0.014), or increased 
by >10% (P < 0.001).

Associations between changes in PA over 3 years and depres-
sive symptoms in 2003 for women who reported none or very 
low PA in 2000 are shown in the second panel of Figure 1. 
Compared with women who maintained none or a very low level 
of PA, those who increased their PA level from none or very low 
to either a moderate or high level had significantly lower risk of 
depressive symptoms in 2003, which remained after adjustment 
for covariates and 2000 BMI, and also after adjustment for cov-
ariates and change in BMI (latter data not shown).

dIscussIon
This cohort study of young women confirmed that both BMI 
and PA, and changes in these variables, are significantly associ-
ated with depressive symptoms over a 3-year period.

Our first hypothesis was confirmed with overweight and 
obesity positively associated, and PA negatively associated with 
depressive symptoms at 3-year follow-up. Compared with a 
referent category of healthy weight women, the odds of report-
ing depressive symptoms after 3 years were ~1.2 for overweight 
and 1.3 for obese women, even after adjustment for con-
founding variables. This finding is consistent with the 5-year 
study by Roberts et al. (8,9), but in contrast with the 17-year 
study findings of Herva et al. (10), who reported increased 
risk of depressive symptoms only among obese women. In 
addition, the present study showed that young women who 
reported even low levels of PA (equivalent to 75–150 min of 
 moderate-intensity activity) had ~25% reduced odds of report-
ing depressive symptoms after 3 years. These results support a 
growing body of longitudinal research suggesting prospective 
associations of PA with depression (15–20).

Our second hypothesis was that the prospective association 
between overweight and obesity and depressive symptoms 
would be attenuated by PA. This was not supported by our 
results, which showed that the increased odds of depressive 
symptoms in overweight and obese women (compared with 
healthy weight women) at 3-year follow-up were not attenuated 
by adjustment for PA. Taken together, these results  suggest that 
although PA was associated with a lower likelihood of depres-
sive symptoms at follow-up, it did not ameliorate the odds of 
depressive symptoms at follow-up associated with overweight 
and obesity.

Our third hypothesis was that increased BMI at 3-year 
 follow-up would be associated with increased odds of depres-
sive symptoms at follow-up. This hypothesis was partly con-
firmed, in that large increases in BMI (>10%) were associated 
with depressive symptoms at follow-up after adjustment for 
 covariates. This contrasts with the findings of Herva et al. (10), 
although women who gained weight in that study were more 
likely to report using antidepressants, which would suggest 
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Figure 1 Unadjusted (left) and adjusted (right) odds ratios for 2003 
CESD-10 ≥10 by changes in BMI and physical activity (PA).  
Model 1: changes in BMI from 2000 to 2003: referent category, 
maintained BMI within ±5% (N = 2,847); BMI decreased by >5% (N = 
796); BMI increased by 5–10% (N = 1,132); BMI increased by >10% 
(N = 1,166). Model 2: includes only women who reported none/very 
low PA in 2000; increases in PA from 2000 to 2003: referent category, 
none/very low at both times (N = 749); none/very low to low (N = 315); 
none/very low to moderate (N = 353); none/very low to high (N = 301). 
Adjustment for 2003 highest educational qualification, 2003 marital 
status, 2003 occupation, 2003 smoking status, parity status across 
all surveys, 2003 health problem/disability and 2000 CESD-10 score. 
Additional covariates were 2000 PA (Model 1), and 2000 BMI (Model 
2). Model 2 was also tested adjusting for change in BMI category rather 
than 2000 BMI (Model 2—data not shown).
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some level of depressive symptoms. We also found an increase 
in the odds of depressive symptoms in women whose BMI 
decreased by >5% in this period, even after adjustment for ill 
health and other confounding factors. This may be attribut-
able to factors that were not measured in this study, such as the 
occurrence of stressful life events, resulting in weight loss and 
depressive symptoms. Alternatively, women may have devel-
oped depressive symptoms if positive expectations associated 
with weight loss were not realized.

The final hypothesis was that sedentary women who 
increased their PA would demonstrate reduced odds of depres-
sive symptoms at follow-up, irrespective of any BMI change. 
This was also supported, in that women who increased their 
PA (from the lowest level) had lower odds of depressive symp-
toms at follow-up than women who remained sedentary, and 
this association held after adjustment for relevant covariates 
and for change in BMI. This suggests, consistent with earlier 
research with mid-aged women from the ALSWH (16), that 
if sedentary young women could increase their PA, even by 
as little as 75 min per week, they would be at reduced risk of 
depressive symptoms.

The strengths of this study are the longitudinal cohort design, 
the large population-based sample, and the ability to control 
for multiple confounding variables. The major limitation is that 
data were collected by self-report, which is vulnerable to recall 
or social desirability bias. The survey items used, however, have 
acceptable reliability and validity. Due to the large number of 
categories, we assessed only a subset of all possible combina-
tions of changes in PA levels. Despite the prospective design, and 
the fact that most of the relationships examined remained after 
adjustment for confounders that are known to impact on mental 
health, we are still unable to infer causality from these results.

In conclusion, increases in BMI and decreases in PA over 
time were significantly associated with depressive symptoms 
in these young women. The inter-relationships between BMI, 
PA and changes in these factors, and depressive symptoms are, 
however, complex. Notwithstanding, the results suggest that if 
young inactive women increase their PA, they will be less likely 
to develop depressive symptoms. Although some randomized 
controlled intervention trials have examined relationships 
between PA and depression (e.g., ref. 36), most of these have 
been conducted with clinical participants, and few have exam-
ined the independent and combined effects of changes in both 
BMI and PA. More randomized trials are required to confirm 
the results from this prospective study.
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