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Abstract 26 

Background: An association between depression and obesity is well recognised, but 27 

longitudinal studies of depressive symptoms in adolescents as a predictor of body 28 

composition are lacking. 29 

Objective: We examined depressive symptoms at age 14, 17 and 20 as predictors of lean, fat 30 

and bone mass at age 20 in a birth cohort.  31 

Subjects/Methods: In 1161 participants (569 females) in the Western Australia Pregnancy 32 

Cohort (Raine) Study, depressive symptoms were assessed using the Beck Depression 33 

Inventory for Youth at age 14 and 17, and the Depression, Anxiety and Stress Scale 21 at age 34 

20. Participants were further classified into two trajectories using latent class analysis: 35 

no/transient and persistent/recurrent depression. At age 20, lean body mass (LBM), fat body 36 

mass (FBM) and total body bone mass were measured by dual energy x-ray absorptiometry.  37 

Results: In females, accounting for age and lifestyle factors, depression scores at age 14 38 

and 20 were positively associated with body weight, body mass index (BMI), FBM and % 39 

FBM (r = 0.110-0.184, P<0.05), but negatively correlated with % LBM (r = -0.120, 40 

P<0.05) at age 20. Females in the persistent/recurrent depression trajectory (n=99) had 41 

significantly higher body weight (+5.1 kg), BMI (+1.8 kg/m2), FBM (+3.9 kg) and % 42 

FBM (+2.2%) and significantly lower % LBM (-2.2%) at age 20 than those with no/ 43 

transient depression (n=470) (all P<0.05). In males, depression scores at age 17 and 20 44 

were negatively associated with LBM, but not weight or BMI, and depression trajectory 45 

was not a predictor of body composition at age 20. Depression scores and trajectories did 46 

not predict bone mass in either males or females. 47 

Conclusion: Depressive symptoms and persistent/recurrent depression in adolescence are 48 

predictors of greater adiposity at age 20 in females but not males, but do not predict bone 49 

mass in either gender.  50 
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INTRODUCTION 51 

The association of depression and obesity has been studied in a number of studies. It has been 52 

suggested that depression may cause obesity via binge eating, increased consumption of 53 

carbohydrates and fat foods, reduced physical activity level, and increased cortisol secretion 54 

(1-3). On the other hand, obesity might also be a cause of depression due to psychological 55 

disorders or low self-esteem resulted from negative body image (4). Less is known on the 56 

association of depression with the composition of body mass, as the majority of studies 57 

evaluating these associations at adolescence and young adulthood used BMI as the indicator 58 

of body fatness (1, 5, 6), and few assessed lean and fat mass using techniques such as dual-59 

energy x-ray absorptiometry (DXA). A cross-sectional study of 2,406 participants aged 18-69 60 

years in the American National Health and Nutrition Examination (NHANES 2005-6) survey 61 

showed that moderate to severe depression in men, and severe depression in women was 62 

associated with reduced percentage lean body mass (% LBM) and increased percentage fat 63 

body mass (% FBM) (7). The only study in children and youth that measured body 64 

composition using DXA was of selected participants seeking obesity treatment (8), and there 65 

has been no prospective study in the general population evaluating whether depression 66 

symptoms in adolescents predict body composition in early adulthood.  67 

 68 

In middle-aged and older adults, an inverse association between depression or depressive 69 

symptoms and BMD of spine and hip was observed in a cross-sectional study (9). Two cross-70 

sectional studies in young adults showed that major depressive episode and dysthymia (10) or 71 

moderate to severe depressive symptoms (11) was related to reduced bone mass as measured 72 

by DXA bone mineral density (BMD) or heel ultrasound stiffness index in males, but not 73 

females. By contrast, in premenopausal women, a case-control study showed that major 74 

depression disorder (MDD) was associated with lower BMD at hip and spine (12). It has been 75 
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suggested that depression during adolescence and early adulthood may interfere with the 76 

achievement of optimal peak bone mass (12), but longitudinal studies are lacking.  77 

 78 

The Western Australian Pregnancy Cohort (Raine) Study is a large prospective cohort of 79 

pregnancy, childhood, adolescence and early adulthood in Western Australia (13), and has 80 

data on depressive symptoms in offspring studied at 14, 17 and 20 years. Considering the 81 

negative health consequences of high body fat, reduced muscle mass and low bone density in 82 

later life such as obesity, sarcopenia and osteoporosis, the aims of this study were to examine 83 

depressive symptoms at 14, 17 and 20 years and their trajectories as predictors of lean, fat 84 

and bone mass in early adulthood (20 years) in the Raine cohort.   85 
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SUBJECTS AND METHODS 86 

Participants 87 

This longitudinal, prospective study included data from 1161 offspring (592 males and 569 88 

females) from the Western Australian Pregnancy Cohort (Raine) Study. The Raine study 89 

recruited 2900 pregnant women from the antenatal clinic at King Edward Memorial Hospital 90 

and nearby private clinics in Perth, Western Australia between May 1989 and November 91 

1991.  Inclusion criteria were a gestational age between 16 and 20 weeks, English language 92 

skills sufficient to understand the study demands, an expectation to deliver at King Edward 93 

Memorial Hospital, and an intention to remain in Western Australia to enable future follow-94 

up of their child (14). All offspring have been invited to attend periodic follow-up surveys. 95 

Compared with the general Western Australian population, the Raine cohort at birth was 96 

characterized by higher proportions of high-risk births and fathers employed in managerial 97 

and professional positions, but comparison of participants remaining in the study at the 14-98 

year follow-up suggested that attrition resulted in a cohort comparable with the general 99 

population (15). The current study is restricted to offspring who underwent whole body DXA 100 

scanning as part of the 20-year follow-up visit and had at least one depressive symptoms 101 

assessment at 14, 17 and 20 years. The study at each follow-up was approved by the Human 102 

Research Ethics Committee of Princess Margaret Hospital (year 14 and 17) and University of 103 

Western Australia (year 20). Written informed consent was obtained from the primary 104 

caregiver at ages 14 and 17, and from each participant at age 20. 105 

 106 

Depressive symptoms at 14, 17 and 20 years 107 

Depressive symptoms at age 14 and 17 were assessed using the Beck Depression Inventory 108 

for Youth (BDI-Y) (16), which is an adolescent adaptation of the adult Beck Depression 109 

Inventory-2 (17) and has excellent psychometric properties (16, 18). The possible score range 110 
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is from 0 to 63. With participants moving to early adulthood, depressive symptoms at age 20 111 

were assessed using the Depression, Anxiety and Stress Scale 21 (DASS-21), which is the 112 

short form of the DASS-42, a self-report scale designed to measure the negative emotional 113 

states of depression, anxiety and stress (19). The DASS-21 has internal consistency and 114 

concurrent validity in acceptable to excellent ranges (20). The possible score range for the 115 

depression scale is from 0 to 42. For both BDI-Y and DASS-21, a higher score indicates 116 

more severe depressive symptoms.  117 

 118 

Latent class analysis was used to estimate trajectories of depression using an ordinal logit 119 

model, in which the BDI-Y and the DASS depression scores were categorised into three 120 

groups – normal range, mild depression and moderate to severe depression using the relevant 121 

cut-off points for BDI-Y score (≤16, 17-20 and  ≥ 21) (16) and DASS depression score (≤9, 122 

10-13 and  ≥ 14) (19).  Sex was used as an active covariate in the models and a series of 123 

models with between 1 and 3 trajectories were estimated. Two trajectories were chosen based 124 

on a combination of statistical criteria, parsimony and interpretability (21). Participants were 125 

assigned to the trajectory class for which they had the highest posterior probability of 126 

membership. The two trajectories identified were no/transient depression (most of the BDI-Y 127 

or DASS depression scores classified as normal range) and persistent/recurrent depression 128 

(most of the BDI-Y and DASS depression scores classified as mild or moderate to severe 129 

depression). 130 

 131 

Whole body DXA at 20 years 132 

Whole body scanning was performed in offspring at the 20-year follow-up visit using DXA 133 

on a Norland XR-36 densitometer (Norland Medical Systems, Inc., Fort Atkinson, WI, USA), 134 

according to manufacturer-recommended procedures. Analysis of scans was performed using 135 
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built-in machine software (version 4·3·0) which provided estimates of lean body mass (bone 136 

free) (LBM, kg), fat body mass (FBM, kg), as well as whole body BMC (g) and areal BMD 137 

(g/cm2). Percentage LBM was calculated as (LBM/total mass)×100 and percentage FBM as 138 

(FBM/total mass)×100. Daily calibration was performed prior to each scanning session, and 139 

the inter-scan coefficient of variation was less than 2%.  140 

 141 

Other assessments  142 

At  14, 17 and 20 years, body weight was measured to the nearest 0.1 kg with subjects 143 

dressed in light clothes, and height measured with a stadiometer to the nearest 0.1 cm. Body 144 

mass index (BMI) was calculated as weight (kg)/height (m)2. At 20 years, a validated semi-145 

quantitative food frequency questionnaire from the Cancer Council Victoria (22) was used to 146 

assess dietary intake including energy, calcium and alcohol intake at 20 years. Physical 147 

activity level at 20 years was assessed using the short-form International Physical Activity 148 

Questionnaire (IPAQ), and categorised as low, medium and high according to the IPAQ 149 

scoring protocol (23). The IPAQ questionnaire asks the participants the time they spent being 150 

physically active in the last 7 days, and has been shown to produce repeatable data (r = 0.80), 151 

with a criterion validity (r = 0.30) similar to other self-report validation studies when assessed 152 

against accelerometer data (24). Information on smoking habit at 20 years was collected 153 

using a questionnaire. 154 

 155 

Data analysis 156 

Variables are presented as mean (SD) unless otherwise stated.  The normality of continuous 157 

variables was checked through the construction of histograms. Comparisons between male 158 

and female offspring were made using Student’s t test and chi-square test. Pearson’s 159 

correlation analysis was used to calculate the correlation coefficients between BDI-Y score at 160 



8 
 

14 and 17 years and DASS depression score at 20 years with body weight and BMI at each 161 

time point, and body composition and bone measures at 20 years in each gender. Further 162 

analysis were made by partial correlation adjusting for covariates including age, smoking, 163 

alcohol intake, physical activity level, total energy intake (or calcium intake for models for 164 

BMC and BMD), height (for models for LBM, FBM and BMC only) and body weight (for 165 

models for BMD only) at 20 years. The associations of BDI-Y scores at 14 and 17 years with 166 

body weight, BMI and body composition measures at 20 years were evaluated further by 167 

including body weight or BMI at 14 or 17 years (respectively) as covariate in the models. 168 

Student’s t test and analysis of covariance (ANCOVA, adjusted for covariates as listed above) 169 

were used to compare the two depression trajectories (no/transient, persistent/recurrent). The 170 

homogeneity of variance of each model was checked by Levene's Test. Statistical 171 

significance level was set at P < 0.05 (two-tailed). All analyses were performed using IBM 172 

SPSS (version 22, IBM, Chicago, IL, USA) and R (version 3.0.1, R Foundation for Statistical 173 

Computing, Vienna, Austria).  174 
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RESULTS 175 

Participant characteristics at 14, 17 and 20 years are shown in Table 1. At all three visits 176 

males were heavier, but their BMI was not significantly different from that of females. There 177 

was an increase in BMI with increased age in both genders. Using the relevant cut-off values 178 

for the BDI-Y and DASS depression scores, at 14, 17 and 20 years the percentage of 179 

participants classified as having mild depressive symptoms was 2.7%, 5.8% and 10.9% for 180 

males and 6.2%, 8.0% and 11.2% for females, and the percentage classified as having 181 

moderate to severe depressive symptoms was 1.5%, 4.0% and 13.8% for males and 5.2%, 182 

13.4% and 21.6% for females, respectively. This gender difference was statistically 183 

significant at each time point (all P < 0.01 by chi-square test). 184 

 185 

Depression symptoms at 14, 17 and 20 years and body composition and bone mass 186 

In males, BDI-Y scores at 14 and 17 years, and DASS depression score at 20 years did not 187 

have significant correlation with body weight and BMI measured at the same follow-up or 20 188 

years (r = -0.045 to 0.007, all P > 0.10). BDI-Y score at 17 years and DASS depression score 189 

at 20 years showed significant negative correlations with LBM and % LBM, and positive 190 

correlation with % FBM at 20 years (Table 2).  In the partial correlation analyses adjusted for 191 

covariates including age, smoking, alcohol intake, physical activity level, total energy intake 192 

and height (for models for LBM and FBM only) at 20 years, only the correlation with LBM 193 

remained significant (Table 2).  194 

 195 

In females, BDI-Y score at 14 years had significant positive correlation with body weight and 196 

BMI measured at the same time point (r = 0.099 and 0.107, respectively, P < 0.05), and BDI-197 

Y score at 17 years had significant positive correlation with body weight measured at 17 198 

years (r = 0.098, P = 0.039). BDI-Y score at 14 years and DASS depression score at 20 years 199 
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showed significant positive correlations with body weight, BMI, FBM and % FBM, and 200 

negative correlation with % LBM at 20 years (Table 2).  In the partial correlation analyses 201 

adjusted for covariates including age, lifestyle and anthropometric factors at 20 years, all 202 

these correlations remained significant, and 17 years BDI-Y score also showed significant 203 

positive correlation with body weight, BMI and FBM at 20 years (Table 2). However, in 204 

further models where body weight or BMI at the time of BDI-Y assessment was also 205 

included as covariate, the correlations of 14 or 17 years BDI-Y scores with body weight, BMI 206 

and FBM at 20 years were no longer significant (r = 0.064 to 0.087, all P > 0.05).   207 

 208 

 There were no significant relationships between depression scores at any age and total body 209 

BMC or BMD at 20 years in either males or females (Table 2). 210 

 211 

Depression trajectories from 14 to 20 years and body composition and bone mass 212 

Figure 1 depicts the changes in depression scores from 14 to 20 years in the two trajectory 213 

classes (no/transient, persistent/recurrent). Table 3 shows the comparisons between the two 214 

trajectory classes in body weight at each time point, and body composition and bone 215 

variables at 20 years. In males, there were no significant differences in weight, BMI, lean 216 

body mass, fat mass or bone mass between the two trajectory classes. Females in the 217 

persistent/recurrent depression trajectory class had significantly higher weight at age 14 (by 218 

4.7 kg), 17 (by 3.9 kg) and 20 (by 4.5 kg), and greater BMI (by 1.7 kg/m2) and FBM (by 3.4 219 

kg) at age 20 than those in the no/transient depression group, but weight gain between age 14 220 

or 17 and 20 did not differ significantly by trajectory. There were no significant differences in 221 

BMC or BMD between trajectory classes in females. Further analysis by ANCOVA 222 

including the covariates of age, lifestyle and anthropometric factors at 20 years, gave very 223 
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similar results, and the persistent/recurrent depression group also had significantly lower % 224 

LBM (-2.2%), and significantly higher % FBM (+2.2%) (Table 3).   225 
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Discussion 226 

In this cohort study of from adolescence to early adulthood, the prevalence of depression 227 

using standard questionnaires was higher in females than males at 14, 17 and 20 years of age, 228 

and there was an apparent sex difference in the relationships between depressive symptoms 229 

and body composition measured at age 20. In males, depression scores at age 17 and 20 had 230 

an inverse relationship with LBM, but no significant association with body weight or BMI. In 231 

females, depression scores at 14 and 20 years were positively associated with body weight, 232 

BMI, FBM and % FBM and negatively associated with % LBM. Depression scores were not 233 

significantly associated with total body bone mass in males or females. When analysed by 234 

trajectory of depression, females with persistent/recurrent depression had significantly higher 235 

body weight, BMI and FBM at age 20 than those with no/transient depression, whereas bone 236 

mass did not differ by trajectory class. In males, there were no significant differences in body 237 

composition and bone measures between trajectory classes. 238 

 239 

Because depression was less common in males, we cannot be sure whether these results 240 

reflect a biological difference between sexes in the relationship between depression and 241 

body composition, or simply lack of statistical power for analysis of males. However, our 242 

data are consistent with previous cross-sectional studies in pre-adolescent American 243 

children (25) and Chinese adolescents (26) which found a modest association between 244 

depressive symptoms and BMI in girls (r = 0.14 and 0.27, respectively), but not boys. A 245 

meta-analysis of cross-sectional studies in community-based adults also showed a 246 

significant association between depression and obesity in females, but a smaller non-247 

significant association in males (27). These findings indicate the importance of assessing 248 

body composition when studying the associations between depressive symptoms and 249 
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obesity across the sexes, as the influence in males appears to be on the changes in body 250 

composition (reduced lean body mass) rather than total body mass.  251 

 252 

In addition, we found that age 14 depression symptoms were related to increased body 253 

weight in females, which was carried onto early adulthood. Furthermore, females in the 254 

trajectory class of persistent/recurrent depression from 14 to 20 years had higher body 255 

weight, BMI and fat mass at 20 years compared to those with no/transient depression, but 256 

weight change did not differ according to trajectory, suggesting that higher body weight at 257 

14 and 17 years predicted greater fatness at age 20. Overall, the results emphasize the 258 

importance of managing both depression and obesity during adolescence.    259 

 260 

Our results on the relationship between depressive symptoms and body composition are 261 

broadly consistent with cross-sectional analyses from NHANES 2005-6 in adults aged 18-262 

69 years, in which moderate to severe depression was associated with reduced LBM and % 263 

LBM and increased % FBM in men, whereas severe depression was associated with 264 

reduced % LBM and increased % FBM but not LBM in women (7). This suggests that in 265 

males, depression is associated with reduced lean body mass, whereas in females it is 266 

associated with increased FBM which in turn results in reduced % LBM. The associations 267 

of depression and increased body fat and/or decreased lean body mass could not be fully 268 

explained by common lifestyle factors such as physical activity, energy intake, smoking 269 

and alcohol consumption in the present study, or in previous studies in children (31) and 270 

adults (7). Depression has been shown to be associated with low physical activity levels 271 

(28), and physical exercise interventions in depressive disorders have been reported to 272 

have moderate to large antidepressant effects (29). In addition, a structured supervised 273 

training program has been shown to improve aerobic capacity in inpatients with major 274 



14 
 

depression disorders (30). Although we adjusted for physical activity, the data were 275 

limited to self-reported IPAQ data at age 20, and it is possible that different patterns of 276 

physical activity mediated or moderated the associations we identified between depression 277 

and body composition. It is also possible that depression leads to increased body fatness 278 

through alteration of hypothalamic-pituitary-adrenal (HPA) axis function and increased 279 

cortisol secretion (3, 32), as well as by impacting on eating behaviour. The mechanism 280 

underlying the association between depression and reduced muscle mass in young men is 281 

not entirely clear; it could arise from reduced physical activity, increased cortisol secretion, 282 

reduced androgen secretion or other mechanisms. In older men, depression is associated 283 

with reduced serum albumin (7) and testosterone levels (33).   284 

 285 

We did not observe any significant association between depressive symptoms at 14, 17 286 

and 20 years, or trajectory classes for depression, and bone mass measured at 20 years in 287 

male or female participants. Consistent with this, a previously study showed that 288 

depressive symptoms measured using the BDI-II at 13 and 17 years were not associated 289 

with forearm BMD measured at each time point, or the change in BMD (34).  In contrast, 290 

other studies have shown  an inverse association between depression or depressive 291 

symptoms and BMD in middle-aged and older adults (9), young men aged 20-39 (10) and 292 

29-32 years (11) and premenopausal women (12). It could be that adolescent depression 293 

does not affect bone mass accrual, but depression contributes to bone loss in later 294 

adulthood. Our study is the only study to assess peak bone mass at an age when 295 

participants have reached skeletal maturity (35) and are yet to experience age-related bone 296 

loss. In the two previous studies of young adults the significant associations with BMD 297 

were observed in males (but not females) with major depression 298 

episode/dysthymia (10) or moderate to severe depression (11), whereas in our study, only 299 
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a low percentage of male participants had scores in the moderate to severe depression 300 

category. 301 

 302 

Strengths of our study include its large sample size, longitudinal assessment of depressive 303 

symptoms using standard questionnaires at 14, 17 and 20 years, assessment of bone density 304 

by DXA at skeletal maturity and use of trajectory analysis for depression scores. Our study 305 

also has limitations. Firstly, its observational nature means we cannot assume that the 306 

relationships between depressive symptoms and body composition are causal. Furthermore, if 307 

there is a causal relationship, we cannot be certain whether depression results in increased fat 308 

mass or vice versa, or whether there is bidirectional relationship as indicated by previous 309 

longitudinal studies in adults (36). Most of the participants were Caucasian, and the study 310 

findings may not be applicable to other ethnic groups. Physical activity data were only 311 

available at age 20 and were limited to self-report. We used two different measures of 312 

depression, consistent with the transition of our participants from adolescence to adulthood. 313 

Whilst age-appropriate measures are a strength of the research, different questionnaires 314 

complicate assessment of changes in depression over time. We attempted to overcome this by 315 

using recommended cut-points for mild and moderate to severe depressive symptoms 316 

(specific to each measure) in our latent class analyses. 317 

 318 

Conclusion 319 

In this cohort of young adults, we observed that in females symptoms of depression during 320 

adolescence and persistent/recurrent depression from age 14 to 20 were associated with 321 

higher body weight, BMI and fat mass at age 20. In males, depressive symptoms were 322 

negatively associated with lean mass, but depression trajectory did not predict body 323 

composition at age 20. Depression scores and trajectories did not predict bone mass in 324 
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males or females. Considering the negative health consequences of high body fat and 325 

reduced muscle mass such as obesity and sarcopenia in later life, effective management of 326 

depression and obesity in adolescence and early adulthood could confer metabolic benefits 327 

in later adulthood.   328 
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Figure legend 441 

Figure 1 Mean depression scores at  14, 17 (Beck Depression Inventory for Youth, BDI-Y) 442 

and 20 years (Depression, Anxiety and Stress Scale 21, DASS)  for the two depression 443 

trajectories derived from latent class analysis. Please note that the potential highest score (63 444 

vs 42) and the cut-off for mild (17 vs 10) and moderate to severe (21 vs 14) depression are 445 

both higher for BDI-Y compared with DASS 21.  446 
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