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Background. An unhealthy body mass index (BMI) has been associated with depression but the direction of association
is uncertain. Our aim was to estimate the co-morbidity and direction of association between BMI and depressive symp-
toms at several ages, from childhood to mid-adulthood.

Method. The data were from 18558 individuals born in 1 week in March 1958, in England, Scotland and Wales, with
follow-up at ages 7, 11, 16, 23, 33, 42, 45 and 50 years. Depression (scores 590th percentile) was identified from
child/adolescent (teacher questionnaires) and adult (self-complete questionnaires and clinical interview) measures.
BMI (kg/m2) measured in child/adolescence and adulthood was classified as underweight, normal, overweight or obese.

Results. In cross-sectional analyses, obesity and underweight (not overweight) from 11 to 45 years were associated re-
spectively with 1.3–2.1 and 1.5–2.3 times the risk of depression compared with normal weight. Using the time-lagged
generalized estimating equation (GEE) approach, we tested (a) whether underweight or obesity at prior ages (7 to
45 years) predicted subsequent risk of depression (11 to 50 years), adjusting for baseline depression; and (b) whether de-
pression at prior ages (7 to 42 years) predicted subsequent risk of underweight or obesity (11 to 45 years), adjusting for
baseline BMI. In longitudinal analyses, underweight predicted subsequent depression in both sexes [odds ratio (OR) 1.25,
95% confidence interval (CI) 1.11–1.40] and depression predicted subsequent underweight in males only (OR 1.84, 95%
CI 1.52–2.23). Obesity predicted subsequent depressive symptoms in females only (OR 1.34, 95% CI 1.14–1.56), but de-
pression did not predict obesity.

Conclusions. Clinicians should consider screening routinely for depression patients with unhealthy BMI, namely under-
weight and obesity, and vice versa.
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Introduction

A high prevalence of depression with onset by early
adulthood (Kessler et al. 2005) and co-morbidity with
other chronic health conditions (Prince et al. 2007;
Atlantis et al. 2012) represents a major public health
issue. There has been particular interest in the
co-morbidity of depression and depressive symptoms
with obesity, with many cross-sectional studies
showing that obese individuals are more likely to suf-
fer from depression than non-obese individuals
(Onyike et al. 2003; Scott et al. 2007; Atlantis & Baker,
2008; Allison et al. 2009; de Wit et al. 2009, 2010).

In a meta-analysis of 18 epidemiological surveys
(n=204507) from various countries (nine studies from
the USA; none from the UK), the odds ratio (OR) for
clinical and symptoms assessment of depression was
1.32 for obese versus non-obese females (de Wit et al.
2010). If obesity is co-morbid with depression, it is im-
portant to know which condition is likely to come first,
influencing the onset and development of the other,
but to date the direction of association has not been
firmly established. A meta-analysis of longitudinal
studies (n=58745) found evidence for a bidirectional
association: (1) depression increased by 58% the risk of
obesity onset and (2) overweight and obesity increased
by 27% and 55% respectively the onset of depression
(Luppino et al. 2010). However, this meta-analysis
was based on 15 studies, only four of which were
rated as good methodological quality and more than
50% were from the USA, where associations from obes-
ity to depression were strong (Luppino et al. 2010).
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Furthermore, a review of 25 prospective studies
reported good evidence for an obesity-to-depression
association, but mixed evidence for depression-to-
obesity (Faith et al. 2011).

Some studies have shown co-morbidity of under-
weight with depression (or suicide) (Atlantis & Ball,
2007; de Wit et al. 2009; Zhao et al. 2009; Gunnell &
Thomas, 2011) but, to our knowledge, no study has
assessed the direction of association. Understanding
the interconnections of an unhealthy body mass
index (BMI) with depressive symptoms in the general
population could provide important information
about risk factors involved in depression and facilitate
screening and treatment. Most previous co-morbidity
estimates have been derived from mixed-aged samples
(Luppino et al. 2010), which may obscure or mislead
associations evident for separate ages (Kraemer et al.
2006). Knowledge of co-morbidity across age groups
may improve diagnosis, especially for depression,
which is poorly recognized in primary care (Mitchell
et al. 2009, 2011).

Using a life-course approach we examined, first,
cross-sectional associations of BMI status (under-
weight/overweight/obesity) with depressive symptoms
across a substantial proportion of life, from childhood
to adulthood, to establish whether depression is
co-morbid with obesity or underweight; and second,
longitudinal associations between (1) depressive symp-
toms and prior BMI status and (2) BMI status and de-
pressive symptoms at a prior age to shed light on the
direction of the association.

Method

Participants

Data were from the 1958 British Birth Cohort, a study
of 98% of births in England, Scotland and Wales dur-
ing 1 week in March 1958 (n=17416). An additional
920 immigrants with the same birth dates were
recruited to age 16 years. Because of changes in the eth-
nic composition of the British population since enrol-
ment, the cohort with 98% white Europeans is not
ethnically representative of the current population
(Power & Elliott, 2006; Atherton et al. 2008). In-
formation was obtained from schools at ages 7, 11
and 16 years, participant interviews at 23, 33, 42 and
50 years and clinical examination at 45 years. Ethical
approval was given by the South-East Multicentre
Research Ethics Committee and written consent was
obtained from all participants. Analyses were based
on all available data: sample size ranged from 12918
at 7 years to 9240 at 45 years for cross-sectional analy-
ses, and from 13753 to 11024 for longitudinal analyses.
Those remaining in the study at 42 and 45 years under-

represented individuals with internalizing problems at
7 years (Atherton et al. 2008).

Depressive symptoms

Internalizing symptoms (encompassing symptoms of
depression) at 7, 11 and 16 years were assessed using
validated teacher-rated questionnaires. Depressive
symptoms at 23, 33, 42, 45 and 50 years were obtained
from questionnaires completed by participants or clini-
cal assessment.

Child and adolescent measures

Internalizing symptoms were assessed by teachers
using the Bristol Social Adjustment Guide (BSAG) at
7 and 11 years (Stott, 1969) and by the Rutter behav-
iour scale at 16 years (Elander & Rutter, 1996). The
BSAG consists of 146 behaviour items assessing 12 syn-
dromes, four of which were used to derive an interna-
lizing score (items such as miserable and fearful);
participants had a score of 1 if an item applied and 0
if it did not apply. The Rutter scale consists of 26 be-
haviour items, five of which were used to derive an
internalizing score (items such as worries, solitary,
miserable, fearful and fussy); participants had a score
of 2 if an item applied ‘definitely’, 1 for ‘somewhat’
and 0 if it did not apply. The BSAG and Rutter scales
have demonstrated adequate reliability, sensitivity
and external validity in epidemiological surveys
(Clark et al. 2007).

Adulthood measures

Depressive symptoms at 23, 33, 42 and 50 years were
recorded with the Malaise Inventory, comprising 24
(nine somatic and 15 depressive) symptoms scored
‘no’ or ‘yes’ (Rodgers et al. 1999). Somatic symptoms
were excluded because, potentially and increasingly
with age, they are outcomes of obesity or underweight;
for example, at 33 years the prevalence of ‘backache’
increased from 22% in the underweight group to 30%
in the obese group whereas ‘upset stomach’ was
more common among the underweight (16%) than
other BMI groups (∼10%). Excluding somatic items al-
lowed us to detect mental health rather than physical
outcome of obesity and underweight. A shorter
Malaise Inventory (eight items) was used at 50 years,
including depressed mood, sleep disturbance, fatigue,
irritability and anxiety. The Malaise Inventory has
shown good reliability and external validity consistent
with clinical assessment of depression and self-
reported use of antidepressants (Rodgers et al. 1999).
It has been used in epidemiological studies as a screen-
ing for depressive tendency (Steptoe & Butler, 1996).
Core depressive symptoms at 45 years (i.e. persistent
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sadness/low mood and/or marked loss of interest/plea-
sure for 54 days/week and/or 53 h/day and/or no re-
activity to pleasurable stimuli) in the past week were
establish with the Clinical Interview Schedule (CIS)
administered by a trained nurse in the participant’s
residence (Lewis et al. 1992).

For the purpose of analyses, a score590th percentile
of symptoms at each age was identified as an elevated
symptom level, comparable to the cut-off used by pre-
vious studies with this sample (Clark et al. 2007). Our
measures do not allow identification of individuals
with clinical depression, but we refer henceforth to
the group with elevated symptoms as having de-
pression.

BMI

BMIs were obtained by dividing weight in kilograms
by height squared in metres (kg/m2). Weight and
height were measured by trained staff at 7, 11, 16, 33
and 45 years; and self-reported at 23, 42 and
50 years. Pregnant females at the time of interview
were excluded from cross-sectional analyses (n=542
at 23 years, n=256 at 33 years, n=19 at 42 years, n=2
at 45 years). BMIs were classified using appropriate
cut-offs (Table 1) (Cole et al. 2000, 2007).

Covariates

Socio-economic position (SEP) in childhood was based
on father’s occupation at birth (or at 7 years if missing)
using the Registrar General’s classification, grouped as
class I or II (professional/managerial), IIINM (skilled
non-manual), IIIM (skilled manual) and IV and V
(semi-unskilled manual, including single households).
Adult SEP (23, 33 and 42 years) was based on partici-
pant’s current or most recent occupation and categor-
ized as above. Housing tenure was used as an
additional SEP measure, at age 7 (or at 11 or 16 years
if missing) and in adulthood (23, 33 and 42 years) cate-
gorized as owner-occupier or others. Physical illness
was identified from mother’s reports of handicap or
disability at 7 years (or at 16 years if missing) and
16 years (or at 7 years if missing). Longstanding limit-
ing illness (excluding mental illness) at 23, 33 and 42
years was reported by participants. Self-reported eth-
nicity was used to distinguish white and non-white
participants.

Statistical analysis

Cross-sectional analysis

To establish whether depression is co-morbid with
obesity or underweight, we performed logistic regres-
sions in which depression (590th v. <90th percentile)

at each age was the outcome and BMI status (under-
weight/overweight/obesity versus normal) was the ex-
posure. The interaction between sex and BMI
categories was tested to establish whether the cross-
sectional associations differed by sex. Further analyses
controlled for ethnicity, SEP, household tenure and
physical illness at appropriate ages (e.g. SEP at
33 years for cross-sectional association at 33 years).
Where associations in adulthood (e.g. 33 and
45 years) remained, we explored the possibility that
smoking and alcohol consumption may account for
associations between depression and BMI, by includ-
ing further adjustments into the models. For 33 and
42 years, self-reported drinking was categorized as
non-drinker/infrequent drinker/more than or less than
once a month/most days; smoking was categorized as
never or ex/current. Covariates (e.g. ethnicity, SEP,
household tenure, physical illness, smoking and
alcohol consumption) were not assessed for all par-
ticipants included in the sample based on unad-
justed analyses. To avoid further loss of participants
due to listwise deletion, we imputed missing values
on covariates using multiple imputations by chained
equations methods in SPSS (SPSS Inc., USA). We
created 10 complete datasets, and conducted re-
gression analyses that combined the results from
the 10 datasets. The results based on the restricted
sample were similar to those based on the imputed
sample; the latter are presented in Supplementary
Table S1.

Because the prevalence of childhood obesity and
adult underweight were low in this population, we
conducted sensitivity analyses using BMI percentiles
45th (underweight) and 595th (obesity) to test
whether findings were influenced by cut-offs for
these groups.

Longitudinal analysis

We applied the generalized estimating equation (GEE)
approach (Hanley et al. 2003) to establish the overall
direction of the longitudinal association between
depression and BMI, for example from BMI to sub-
sequent depression (hypothesis 1) or from depression
to subsequent BMI (hypothesis 2), taking into account
the within-individual correlations of the outcome
measurements. We used the GEE model instead of a
trajectory-based approach because the risk associated
with depression or BMI categories cannot be expressed
as a simple age function (i.e. linear or non-linear) be-
cause of their complex lifetime patterns. Preliminary
analyses showed that the risk of depression differed
little between overweight and normal weight; hence
these categories were combined and used as a baseline
group.
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Table 1. Prevalence of depressive symptoms and body mass index (BMI) at several ages, from childhood to adulthooda

7 years (1965) 11 years (1969) 16 years (1974) 23 yearsb (1981) 33 years (1991) 42 yearsb (2000) 45 years (2003) 50 yearsb (2008)

Males
Depressive symptomsc

Not depressed 6811 (89.0) 6461 (88.8) 5705 (90.7) 5979 (95.9) 5178 (93.0) 5144 (93.0) 4292 (92.9) 4443 (94.1)
Depressed 846 (11.0) 815 (11.2) 585 (9.3) 255 (4.1) 388 (7.0) 390 (7.0) 330 (7.1) 281 (5.9)

BMI categories
Underweight 616 (9.0) 860 (13.5) 603 (10.6) 148 (2.4) 46 (0.8) 25 (0.5) 10 (0.2) 16 (0.3)
Normal weight 5740 (83.5) 5032 (78.8) 4622 (81.1) 4765 (77.8) 2629 (47.9) 2068 (37.6) 1151 (24.8) 1185 (25.4)
Overweight 436 (6.3) 418 (6.5) 389 (6.8) 1074 (17.5) 2227 (40.5) 2545 (46.3) 2299 (49.6) 2165 (46.4)
Obesity 82 (1.2) 72 (1.1) 84 (1.5) 140 (2.3) 590 (10.7) 855 (15.6) 1174 (25.3) 1297 (27.8)

Females
Depressive symptomsc

Not depressed 6668 (91.7) 6235 (90.6) 5381 (90.0) 5411 (86.7) 5007 (86.8) 5078 (88.4) 4217 (90.2) 4378 (89.2)
Depressed 603 (8.3) 646 (9.4) 600 (10.0) 831 (13.3) 760 (13.2) 664 (11.6) 458 (9.8) 532 (10.8)

BMI categories
Underweight 649 (10.1) 1043 (17.1) 546 (10.2) 421 (6.8) 180 (3.2) 97 (1.7) 41 (0.9) 62 (1.3)
Normal weight 5094 (79.3) 4470 (73.1) 4172 (78.1) 4835 (78.6) 3459 (61.0) 3150 (56.3) 2001 (42.8) 1977 (42.3)
Overweight 543 (8.5) 531 (8.7) 547 (10.2) 703 (11.4) 1345 (23.7) 1483 (26.5) 1530 (32.7) 1532 (32.8)
Obesity 136 (2.1) 73 (1.2) 77 (1.4) 189 (3.1) 687 (12.1) 863 (15.4) 1104 (23.6) 1103 (23.6)

Total
Depressive symptomsc

Not depressed 13479 (90.3) 12696 (89.7) 11086 (90.3) 11390 (91.3) 10185 (89.9) 10222 (90.7) 8509 (91.5) 8821 (91.6)
Depressed 1449 (9.7) 1461 (10.3) 1185 (9.7) 1086 (8.7) 1148 (10.1) 1054 (9.3) 788 (8.5) 813 (8.4)

BMI categories
Underweight 1265 (9.5) 1903 (15.2) 1149 (10.4) 569 (4.6) 226 (2.0) 122 (1.1) 51 (0.5) 78 (0.8)
Normal weight 10834 (81.5) 9502 (76.0) 8794 (79.7) 9600 (78.2) 6088 (54.5) 5218 (47.1) 3152 (33.9) 3162 (33.9)
Overweight 979 (7.4) 949 (7.6) 936 (8.5) 1777 (14.5) 3572 (32.0) 4028 (36.3) 3829 (41.1) 3697 (39.6)
Obesity 218 (1.6) 145 (1.2) 161 (1.5) 329 (2.7) 1277 (11.4) 1718 (15.5) 2278 (24.5) 2400 (25.7)

Values based on all available data, and given as number (percentage).
a Fieldwork often extended over more than 1 year.
b BMI based on self-reported height and weight (otherwise measured objectively). BMI in childhood was classified using international age and sex-specific cut-offs: underweight,

respectively for ages 7, 11 and 16 years as <14.04, <14.97 and <17.54 kg/m2 for males and <13.86, <15.05 and <17.91 kg/m2 for females; overweight, respectively as 517.92, 520.55 and
523.90 kg/m2 for males and 517.75, 520.74 and 524.37 kg/m2 for females; and obesity, respectively as 520.63, 525.10 and 528.88 kg/m2 for males and 520.51, 525.42 and
529.43 kg/m2 for females. BMI in adulthood, cut-off for underweight is <18.5 kg/m2, for overweight, 525 kg/m2; and for obesity, 530 kg/m2.

c Depressive symptoms scores were categorized as <90th percentile (not depressed) versus 590th percentile (depressed). Instruments include teacher-rated Bristol Social Adjustment
Guide (BSAG) at 7 and 11 years, teacher-rated Rutter school behavior scale at 16 years, self-rated psychological Malaise at 23, 33, 42 and 50 years and the Clinical Interview Schedule
(CIS) at 45 years.
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Three GEE models were applied. In model 1, asses-
sing whether BMI predicted subsequent depression
(hypothesis 1), the age-varying exposures were BMI
categories (underweight, normal/overweight, obese)
at 7, 11, 16, 33 and 45 years and the repeated outcome
measures were depression at 11, 16, 23, 42 and
50 years. Baseline depression (7 years) was also in-
cluded. In model 2, assessing whether depression pre-
dicted underweight (hypothesis 2), the age-varying
exposures were depression at 7, 11, 23 and 42 years
and the repeated outcome measures were underweight
(versus normal/overweight) at 11, 16, 33 and 45 years.
In model 3, assessing whether depression predicted
obesity (hypothesis 2), the age-varying exposures
were depression at 7, 11, 23 and 42 years and the re-
peated outcome measures were obesity at 11, 16, 33
and 45 years. Models 2 and 3 included baseline BMI
(7 years).

For each exposure (i.e. prior BMI or depression), we
tested its interaction with sex to establish whether its
association with the outcome differed by sex. We also
stratified analyses by sex, as significant interactions
with sex were found. In further analyses we adjusted
for ethnicity, age-varying SEP (hypothesis 1: SEP at
birth for childhood outcomes and at 33 and 42 years
for adulthood outcomes; hypothesis 2: SEP at birth
for childhood outcomes and at 23 and 42 years for
adulthood outcomes), age-varying household tenure
(hypothesis 1: household tenure at 7, 11 and 16 years
for childhood outcomes and at 33 and 42 years for
adulthood outcomes; hypothesis 2: household tenure
at 7 and 11 years for childhood outcomes and at 23
and 42 years for adulthood outcomes), and age-
varying physical illness (hypothesis 1: physical illness
at 7 and 16 years for childhood outcomes and at 33
and 42 years for adulthood outcomes; hypothesis 2:
physical illness at 7 for childhood outcomes and at
23 and 42 years). GEE analyses were performed in
SPSS version 19. The direction of associations was
examined in additional analysis of incident cases (de-
pression or underweight and obesity) at each age. A
series of logistic regressions was conducted in which
participants with the ‘condition’ at baseline were
excluded. For instance, for hypothesis 1, we examined
the effect of obesity versus normal/overweight at 7
years on incident depression at 11 years, excluding
participants with depression at 7 years.

Finally, we undertook sensitivity analyses using
alternative measures : (i) mother (rather than teacher)
report of depressive symptoms at age 7 years; and
(ii) the full 24-item Malaise Inventory scale (i.e. includ-
ing somatic items). In both instances, the results were
similar to those presented here, suggesting that the
analyses are robust to differences in these measure-
ments.

Results

The prevalence of depression was predefined at
approximately 10% but varied for males and females:
prevalence was slightly higher in boys (11.0–11.2%)
than girls (8.3–9.4%) aged 7–11 years but less prevalent
onwards from 16 years (4.1–9.3% in males versus
9.8–13.3% in females) (Table 1). The prevalence of
underweight peaked at 11 years (13.5% for males ver-
sus 17.1% for females), followed by a marked
decreased with advancing age, whereby 0.2% (males)
and 0.9% (females) were underweight at 45 years.
Conversely, the prevalence of obesity was lowest at
11 years, with 1.1–1.2% increasing to 25.3% (males)
and 23.6% (females) at 45 years. The prevalence of
overweight was <20% (i.e. 6.3–17.5%) before 23 years
in both sexes, ranging from 40.5% to 49.6% after
33 years among males and from 23.7% to 32.8%
among females (Table 1).

Cross-sectional co-morbidity of BMI with depressive
symptoms

All ages are included in Table 1, irrespective of
whether BMI was based on measured or self-reported
heights and weights. Consistently, associations tended
to be higher for females at ages when BMI was based
on self-report (Table 2). To avoid the possibility of
associations arising because of differential reporting
of weights by depressive symptoms, we excluded self-
reported BMIs (23, 42 and 50 years) from further analy-
ses. Therefore, Table 3 shows associations between de-
pression and BMI at three ages in childhood and two
ages in adulthood.

Cross-sectional models showed that obesity was
associated with depression at most ages, except 7
years, with ORs ranging from 1.3 to 2.1. All interac-
tions with sex were non-significant (p>0.05), suggest-
ing that co-morbidity of obesity with depressive
symptoms did not differ for males and females.
There is a suggestion that associations varied by age,
indicated by stronger ORs at 11 and 16 years (ORs
2.1 and 1.9 respectively) than at 33 and 45 years (ORs
1.3). However, in sensitivity analysis with obesity
defined as BMI 595th percentile, the variation in
ORs by age was less pronounced. In both analyses,
obesity at 7 years was inversely associated with de-
pression (OR 0.7). Associations of obesity with de-
pression in adulthood (33 and 45 years) disappeared
after adjustment for ethnicity, SEP, household tenure
and physical illness, whereas childhood/adolescence
(7, 11 and 16 years) associations remained (Sup-
plementary Table S1).

Underweight was associated with 1.5 to 2.3 times
the odds of depression at most ages, except 7 years
(Table 3). The elevated odds of depression associated
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with underweight was seen in males [OR 1.98, 95%
confidence interval (CI) 1.50–2.62] but not in females
at 16 years (pinteraction=0.003). There was a tendency
for stronger associations between underweight and de-
pression in adulthood (ORs 1.8 and 2.3) than in child-
hood/adolescence (ORs 1.5). In sensitivity analysis
with underweight defined as BMI<5th percentile, vari-
ation in ORs by age was less pronounced (ORs 1.8 and
1.7 in adulthood; 1.3 and 1.5 in childhood/ado-
lescence). All associations with underweight dimin-
ished slightly, but remained significant, after ad-
justment for ethnicity, SEP, household tenure and
physical illness (Supplementary Table S1). Further
adjustments for smoking and alcohol consumption in
adulthood did not alter associations of underweight
with depression (data not shown).

In general, overweight was not associated with de-
pression, except for a borderline association at 33
years (OR 1.16, 95% CI 1.00–1.34).

Longitudinal associations of underweight and
obesity with depressive symptoms

Because unadjusted associations of underweight and
obesity with depression varied little by age, longitudi-
nal analyses examined the direction of association
based on all ages combined.

Hypothesis 1: Prediction from underweight or obesity to
subsequent depressive symptoms

Table 4(a) presents ORs of depression (11–50 years)
with underweight and obesity as lag-exposure factors
(7–45 years), adjusted for depression at 7 years.
Underweight at baseline was associated with ∼1.3
times the odds of depression at follow-up. Obese
females (OR 1.34, 95% CI 1.14–1.56), but not males
(OR 0.87, 95% CI 0.71–1.07) were at risk for depression
at follow-up (pinteraction=0.001). Associations were little
changed with adjustment for ethnicity, time-varying
SEP, household tenure and physical illness
(Supplementary Table S2).

Consistent with the GEE results, there was good evi-
dence that obesity predicted incident depression at all
ages in females (ORs 1.4–2.2) but not in males; as
expected, given the low prevalence of childhood/ado-
lescence obesity, CIs were wide for obesity at 7, 11
and 16 years. Underweight predicted incident de-
pression in both sexes (ORs 1.3–1.6) but, as expected,
given the low prevalence of underweight in adulthood,
CIs were wide for underweight exposure at 33 and 45
years (data not presented).

Hypothesis 2: Prediction from depressive symptoms to
subsequent underweight and obesity

Table 4(b) presents ORs of underweight and obesity
(11–45 years) with depression as a lag-exposure factor
(7–42 years), adjusting for BMI (continuous variable) at
7 years. Depression predicted subsequent underweight
but there were sex differences in the associations
(pinteraction <0.001), with increased risk of underweight
in males at follow-up (OR 1.84, 95% CI 1.52–2.23)
but not in females (OR 1.01, 95% CI 0.83–1.24).
Depression did not increase subsequent obesity risk
in either sex. Associations were little changed with ad-
justment for ethnicity, time-varying SEP, household
tenure and physical illness (Supplementary Table S2).
In analyses of incident underweight, ORs for males
(but not for females) with depression were elevated
(ORs 1.5–7.5) at 11, 16 and 33 years. Furthermore, de-
pression was not associated with incident obesity
across ages, with one exception: the OR of incident
obesity at 16 years in females with depression but
without obesity at 11 years was 4.03 (95% CI 1.97–
8.27). However, this analysis was based on a small
number of participants (n=10) with both conditions
(data not presented).

Discussion

Using a large prospective British birth cohort, this
study is among the first, to our knowledge, to assess
life-course (a) co-morbidity of depressive symptoms

Table 2. Odds ratios (ORs) and 95% confidence intervals (CIs) for
cross-sectional associations of depressive symptoms with
self-reported and measured obesity in adulthood

Depression by ‘obesity’ versus
‘normal‘c

OR 95% CI

Males
23 yearsa 1.40 0.64–3.03
33 yearsb 1.44 1.04–2.01
42 yearsa 1.00 0.73–1.35
45 yearsb 1.29 0.94–1.75
50 yearsa 1.22 0.88–1.71

Females
23 yearsa 1.58 1.03–2.43
33 yearsb 1.27 1.04–1.54
42 yearsa 1.63 1.31–2.02
45 yearsb 1.32 1.09–1.59
50 yearsa 1.61 1.28–2.02

Sample sizes ranged from 12231 at 23 years to 9247 at
50 years.

a Self-reported height and weight.
bMeasured height and weight.
c Includes body mass index (BMI) 518.5 kg/m2 but

<25 kg/m2.
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Table 3. Prevalence (n, %), odds ratios (ORs) and 95% confidence intervals (CIs) for cross-sectional associations of depressive symptoms with measured body mass index (BMI) categories (versus normala) at
several ages, childhood to adulthood

Underweight BMI 45th percentile Obesity BMI 595th percentile

n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR (95% CI)

Males
7 years 77 (13.0) 1.21 (0.94–1.57) 45 (12.6) 1.14 (0.82–1.57) 5 (6.3) 0.55 (0.22–1.37) 22 (7.1) 0.60 (0.39–0.93)
11 years 111 (14.0) 1.46 (1.17–1.82) 38 (14.7) 1.47 (1.03–2.10) 9 (13.6) 1.41 (0.69–2.87) 38 (12.7) 1.24 (0.87–1.76)
16 years 70 (13.6) 1.98 (1.50–2.62) 35 (15.3) 2.17 (1.49–3.18) 10 (13.9) 2.03 (1.03–4.00) 30 (12.6) 1.73 (1.16–2.58)
33 years 6 (13.3) 2.38 (0.99–5.72) 39 (10.9) 1.79 (1.25–2.55) 50 (8.5) 1.44 (1.04–2.01) 21 (9.0) 1.45 (0.91–2.31)
45 years 1 (10.0) 1.54 (0.19–12.33) 32 (10.8) 1.72 (1.17–2.54) 99 (8.5) 1.29 (0.94–1.75) 21 (10.1) 1.60 (1.00–2.56)

Females
7 years 53 (8.3) 1.05 (0.78–1.42) 32 (10.7) 1.40 (0.96–2.05) 9 (6.9) 0.86 (0.43–1.70) 24 (7.3) 0.91 (0.59–1.40)
11 years 112 (11.4) 1.49 (1.19–1.87) 34 (10.3) 1.20 (0.83–1.74) 14 (20.9) 3.07 (1.69–5.59) 39 (14.0) 1.71 (1.20–2.43)
16 years 38 (8.5) 1.01 (0.71–1.44) 18 (7.8) 0.91 (0.55–1.49) 10 (14.5) 1.85 (0.93–3.65) 33 (14.1) 1.76 (1.19–2.58)
33 years 34 (19.2) 1.65 (1.12–2.44) 40 (20.4) 1.73 (1.21–2.48) 94 (14.6) 1.19 (0.93–1.51) 51 (16.5) 1.33 (0.97–1.82)
45 years 8 (20.0) 2.47 (1.12–5.45) 23 (14.0) 1.65 (1.05–2.60) 131 (12.0) 1.35 (1.06–1.71) 34 (13.4) 1.57 (1.07–2.28)

Totalb

7 years 130 (10.6) 1.14 (0.94–1.38) 77 (11.8) 1.24 (0.97–1.59) 14 (6.7) 0.72 (0.41–1.24) 46 (7.2) 0.73 (0.54–0.99)
11 years 223 (12.5) 1.47 (1.26–1.73) 72 (12.2) 1.33 (1.03–1.72) 23 (17.3) 2.12 (1.34–3.35) 77 (13.3) 1.44 (1.12–1.85)
16 years 108 (11.2) 1.48 (1.19–1.84) 53 (11.5) 1.48 (1.10–2.00) 20 (14.2) 1.94 (1.20–3.13) 63 (13.3) 1.74 (1.32–2.30)
33 years 40 (18.0) 1.76 (1.24–2.52) 79 (14.3) 1.75 (1.36–2.25) 144 (11.7) 1.27 (1.04–1.54) 72 (13.3) 1.37 (1.05–1.77)
45 years 9 (18.0) 2.31 (1.11–4.81) 55 (11.9) 1.70 (1.27–2.29) 230 (10.2) 1.32 (1.09–1.59) 55 (11.9) 1.58 (1.18–1.68)

a Includes BMI 518.5 kg/m2 but <25 kg/m2 and BMI >5th percentile but <85th percentile for sensitivity analyses.
b ORs were adjusted for sex.
Sample size ranged from 12918 at 7 years to 9240 at 45 years.
p value for BMI categories (International Obesity Task Force, IOTF)=0.105 at 7 years, <0.001 at 11 years, <0.001 at 16 years, 0.002 at 33 years, and 0.001 at 45 years.
p value for BMI categories (percentiles)=0.014 at 7 years, 0.001 at 11 years, <0.001 at 16 years, <0.001 at 33 years, and <0.001 at 45 years.
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and BMI status (including underweight) and (b) the di-
rection of association. Our analyses of co-morbidity
showed that obesity and underweight were respect-
ively associated with 1.3 to 2.1 and 1.5 to 2.3 times
the odds of depression compared with normal weight.
In general, overweight was not co-morbid with de-
pression, suggesting that a greater excess of body
weight is associated with depression. In longitudinal
associations, underweight predicted elevated risk, by
25%, of subsequent depression in both sexes and, con-
versely, depression predicted elevated risk, by 84%, of
subsequent underweight only in males. There was a
unidirectional association for obesity: obesity predicted
elevated risk, by 34%, of subsequent depression in
females but depression did not predict obesity. In
addition, longitudinal associations were not ex-
plained by covariates including physical illness and

socio-economic background. Reciprocal associations
from longitudinal models (controlled for baseline de-
pression or BMI) were broadly supported by incident
analyses of depression and underweight/obesity.

Methodological considerations

Our analysis of seven assessments of depressive symp-
toms and BMI over 50 years covers a substantial period
of the life course. Further study strengths are prospec-
tive measurements of heights and weights, separate
consideration of the underweight category, multiple
informants to assess depressive symptoms, and
national coverage. However, there are study limita-
tions. First, the prevalence of obesity for childhood
and adolescence is lower than that observed for
today’s generation of youths. Nevertheless,

Table 4. Odds ratios (ORs) and 95% confidence intervals (CIs) for longitudinal associations of depressive symptoms with measured body mass
index (BMI), at several ages, child- to adulthood, using generalized estimating equations

OR 95% CI p value
p for sex
interaction

(a) Hypothesis 1: BMI as predictor of subsequent depression
Exposure underweight�Outcome depression
Totala 1.25 1.11–1.40 <0.001 0.248
By sex
Males 1.36 1.14–1.62 0.001
Females 1.18 1.01–1.38 0.039

Exposure obesity�Outcome depression
Totala 1.16 1.03–1.31 0.018 0.001
By sex
Males 0.87 0.71–1.07 0.182
Females 1.34 1.14–1.56 <0.001

(b) Hypothesis 2: Depression as predictor of subsequent BMI
Exposure depression�Outcome underweight
Totala 1.37 1.19–1.57 <0.001 <0.001
By sex
Males 1.84 1.52–2.23 <0.001
Females 1.01 0.83–1.24 0.848

Exposure depression�Outcome obesity
Totala 1.06 0.90–1.25 0.477 0.854
By sex
Males 1.03 0.83–1.29 0.764
Females 0.96 0.75–1.24 0.760

a Includes sex.
For hypothesis 1: Exposures underweight and obesity (versus normal/overweight) were based on measured BMI at ages 7,

11, 16, 33 and 45 years; outcome depression (scores <90th percentile versus 590th percentile) was assessed at 11, 16, 23, 42
and 50 years. ORs were adjusted for depression at age 7 years. n=13753 cohort members with BMI exposures, depression at 7
years and depression outcomes were included in the analyses.
For hypothesis 2: Exposures depression (scores <90th percentile versus 590th percentile) were assessed at ages 7, 11, 23 and

42 years; outcomes underweight and obesity (versus normal/overweight) were based on measured BMI at ages 11, 16, 33 and
45 years. ORs (95% CI) were adjusted for BMI at 7 years. n=11024 cohort members with depression exposures, BMI at 7
years, and underweight outcome and n=11895 with depression exposures, BMI at 7 years, and obesity outcomes were
included in the analyses.
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co-morbidity estimates of obesity with depression be-
fore adulthood may provide insights for societies
undergoing the obesity epidemic. Second, except for
the psychiatric instrument at 45 years, depressive
symptoms measures were based on teacher observa-
tions for childhood/adolescence and self-report ques-
tionnaires for adulthood. The fact that associations
for underweight and obesity with depressive symp-
toms were observed, in the general population, sug-
gests that instruments may be adequate for this
purpose. Third, measures of depressive symptoms
were not comparable across childhood to adulthood
as would be expected. However, the measures capture
similar symptom domains; child/adult are strongly
associated (Clark et al. 2007) and standardization of
cut-off to identify depression increased comparability
across ages. Fourth, because cut-offs identify only a
small number at extremes in BMI at some ages, and
a larger proportion at other ages, the magnitude of
the BMI/depression association may differ. Fifth, be-
cause of sample attrition and non-response, some
population subgroups were under-represented, includ-
ing the most severely depressed (Atherton et al. 2008).
Although there are limitations in comparing associa-
tions across age (e.g. differences in measures of de-
pression), co-morbidity did not seem to vary in
strength from childhood to adulthood (where the rate
of attrition is elevated), suggesting that our findings
are not markedly affected by loss of depressed partici-
pants over time. Sixth, although we controlled for
SEP, household tenure, ethnicity, physical illness, and
smoking and drinking (adulthood only), we acknowl-
edge that uncontrolled covariates could account for
some of the association. Psychotropic medications are
known to be associated with underweight and obesity
(Lawlor et al. 2011). Our findings are unlikely to be
explained by psychotropic medication given its
expected low use in children/adolescents/young
adults, for whom cross-sectional and longitudinal
associations were found (Colman et al. 2006).
Nevertheless, unmeasured confounders may still
partly impact the results. It is noteworthy that we
detected associations of underweight and obesity
with depression during childhood and adolescence,
where confounding factors may have only a limited
contribution.

Establishing the causal direction of associations be-
tween BMI and depression has not been straightfor-
ward in the cross-sectional or longitudinal studies
conducted to date. One approach that has been used
to improve causal inference is Mendelian randomiza-
tion (MR). However, evidence from two MR studies
investigating the association of obesity gene variants
with depressive symptoms is inconsistent (Kivimäki
et al. 2011; Lawlor et al. 2011). Furthermore,

because of the difficulty of identifying gene variants
implicated in depression, no MR study has yet exam-
ined the association between depression gene variants
and obesity. Hence, life-course studies such as ours,
which examine several life stages and temporal se-
quence of associations, contribute to the growing
knowledge base on the extent of co-morbidity and di-
rection of association.

Interpretation and comparison with other studies

Obesity/depressive symptoms co-morbidity and direction

Obesity is highly prevalent in Britain, with 25% of
adults having a BMI of 530 kg/m2. Its co-occurrence
with depression, which is also common (Spiers et al.
2012), is therefore of major interest for health profes-
sionals and policy makers. A previous meta-analysis
reported a cross-sectional association of obesity with
depression in females but not in males (de Wit et al.
2010), whereas a literature review failed to detect
co-morbidity in populations other than in the USA
(Atlantis & Baker, 2008). As far as we are aware,
there is no life-course study investigating co-morbidity
across multiple ages, although estimates of co-
morbidity at multiple ages, from child- to adult-
hood, are informative in their own right and have
the additional advantage of reducing the problem of
random co-morbidity due to mixed-age samples
(Kraemer et al. 2006). Our study confirmed that, across
ages, obese individuals had a 1.3 to 2.1 times higher
prevalence of depression than those with normal
weight. Importantly, our findings suggest that reliance
on self-reported weight to define obesity may exagger-
ate the strength of association between obesity and de-
pression in females, although not in males, which may
explain some discrepant results in the literature. In the
1970 British Birth Cohort, co-morbidity of obesity
based on self-reported BMI with depressive symptoms
was reported in adults females but not males (Viner &
Cole, 2005). We also found that obese individuals from
all ages are at increased risk of depression, with no
covariates in the model. Controlling for ethnicity, time-
varying SEP, household tenure and physical illness
abolished associations in adulthood but not in child-
hood. Stronger ORs observed for obesity at 11 and
16 years, defined by the International Obesity Task
Force (IOTF) reference, seemed to be a reflection of
prevalence and/or obesity severity rather than an effect
of age. In our study population, a reverse association at
7 years suggested that obesity may provide some pro-
tection against depression before adolescence. This
finding does not agree with a recent UK study report-
ing increased emotional problems among obese boys
at 5 years (Griffiths et al. 2011), suggesting that
co-morbidity of obesity with depressive symptoms in
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young children may vary across generations with dif-
ferent prevalence of obesity (Pinot de Moira et al.
2010). When examining the temporal sequence, we
found an influence of obesity on subsequent de-
pression in females, but not of depression on sub-
sequent obesity. Although this finding is in
agreement with a review of population-based studies
that showed good evidence for the obesity-to-de-
pression association but not for the depression-to-
obesity association (Faith et al. 2011), the present study
extends existing literature in several ways. Our data
suggest that obesity is a significant contributor of de-
pression in a non-US population, where the pattern
of obesity-to-depression association is thought to differ
(Luppino et al. 2010). In the UK, few epidemiological
surveys have reported longitudinal associations be-
tween obesity and depression/depressive symptoms
(Viner & Cole, 2005; Kivimäki et al. 2009a,b; Griffiths
et al. 2011). In addition, our analyses provide evidence
for sex moderation, with a higher risk of depression in
obese females but not in obese males. The British
Whitehall II cohort study did not show that obesity
predicted future risk of depression, but two-thirds of
participants were males, possibly reducing the chances
of detecting a sex-moderation effect (Kivimäki et al.
2009b). There are several plausible psychological and
biological factors that may underlie an obesity-to-
depression association, such as eating disorders/binge
eating, reduced physical activity, physical pain, and
dysfunction of the hypothalamic–pituitary–adrenal
(HPA) axis (Luppino et al. 2010). Of particular rel-
evance are studies showing that body dissatisfaction,
dietary restraint and bulimic symptoms predict onset
of depression in adolescent females (Stice et al. 2000).

Underweight/depressive symptoms co-morbidity and
direction

Associations of underweight with depression/depress-
ive symptoms have been largely neglected in the litera-
ture. One large cross-sectional study of 43534 Dutch
adults aged 18–90 years found an association between
underweight and depressive symptoms (de Wit et al.
2009). In parallel, there is evidence that low BMI in
adulthood is associated with increased risk of suicide
(Gunnell & Thomas, 2011). Our study shows that
underweight from childhood to adulthood could in-
crease the risk of depression. Additionally, we found
strong evidence for a reverse association whereby de-
pression triggered weight reduction and underweight
in males but not in females. Consistent with our
findings, others have reported that males with child-
hood onset of depression had lower BMI than males
without depression (Anderson et al. 2006). Our results
showing that depressed males, but not depressed

females, are likely to become underweight suggests
that symptoms of depression are expressed differently
in males and females. Although reciprocal associations
between underweight and depression were not
explained by SEP, health factors relating to both under-
weight and depressive symptoms, including tobacco/
alcohol consumption and underlying physical ill-
nesses, there may be other psychological or biological
factors that explain such associations. For instance,
high density lipoprotein (HDL) cholesterol has been
reported to be lower in underweight individuals
(Gunnell & Thomas, 2011), and a lower level of HDL
cholesterol is associated with depression (Tedders
et al. 2011). Although our findings provide support
for a possible influence of underweight on mental
health, further exploration of the association is war-
ranted, for example on common causes.

Implications

Depression and obesity are highly prevalent and many
individuals live with both conditions simultaneously.
There is some indication that general practitioners
have limited success in recognizing depression in pri-
mary care (Mitchell et al. 2009, 2011), which may
leave a substantial number of individuals untreated.
Depression at all levels of severity, including below
clinical thresholds, could impact negatively on health
and functioning (Prince et al. 2007) if left untreated.
Even though causality cannot be determined from
our findings, obesity and underweight could be used
by clinicians as a prompt to screen for depression
across all ages. Although our study and several others
suggest that depressive symptoms co-occur with obes-
ity or underweight, there are few models for treating
these conditions simultaneously. Future studies that
elucidate mediating factors, especially those amend-
able to intervention, may help with identification and
design of effective treatments.
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