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Abstract

Objective—Although it has been hypothesized that the depression-obesity relation is
bidirectional, few studies have addressed this hypothesis in a prospective setting. We aimed to
examine the bidirectional relationship in middle-aged and elderly women.

Subjects—A total of 65,955 women aged 54—-79 years in the Nurses’ Health Study were
prospective followed from 1996 to 2006 with updated information on body weight, depression
status and various covariates every two years. Depression was defined as self-report of physician-
diagnosed depression and/or antidepressant use. Obesity was defined as a body mass index >30.0
kg/m2. The first three waves (1996-2000) were used as the baseline period, and the last three
waves (2002—2006) were used as the follow-up period.

Results—After adjusting for baseline age, physical activity, comorbidities, body mass index
(BMI) and other covariates, depression at the baseline period was associated with an increased risk
of obesity at the follow-up period in all women (multivariate-adjusted odds ratio [OR], 1.38; 95%
Cl, 1.24-1.53) and baseline non-obese women (OR, 1.51; 95% Cl, 1.36-1.67). In the opposite
direction, after adjusting for baseline age, physical activity, comorbidities, depression status and
other covariates, obese women at baseline had a moderately increased risk of depression at the
follow-up period compared with normal weight women (OR, 1.11; 95% Cl, 1.03-1.18); and this
association was similar for new onset of depression (OR for obese vs. normal weight women,

1.10; 95% CI, 1.02-1.20).

Conclusions—Our results suggest a bidirectional association between depression and obesity in
middle-aged and elderly women. Future studies are needed to confirm our findings in different
populations, and investigate the potential mechanisms underlying this association. Our results
underscore the importance of early detection and proper behavioral modifications to lower the
burden of both conditions.
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INTRODUCTION

Obesity has reached epidemic proportions globally. According to the World Health
Organization estimation, approximately 1.5 billion adults (age 20 years or older) were
overweight (body mass index [BMI] 25.0 to 29.9 kg/m?), among which more than 200
million men and nearly 300 million women were obese (BMI >30 kg/m?).1 Depression is
also a major public health problem globally and will rank the second of the disease burden
by 2030.2 The lifetime incidence of depression was over 16% in the general population.3
Furthermore, recent prescription statistics suggest that antidepressant medication (ADM) is
currently one of the most commonly prescribed classes of medications in outpatient medical
practices.*>8 Because both depression and obesity confer an increased risk for adverse
health outcomes, such as type 2 diabetes,”-® cardiovascular disease®1? and premature
death,11.12 the association between the two conditions deserves careful examination.

Meta-analyses and systematic reviews of cross-sectional studies have suggested that
depression and obesity are associated with each other.13.14 However, cross-sectional
evidence does not provide detailed insight into the temporal relationship between the two
conditions. Recently, several longitudinal studies were conducted, and a meta-analysis
suggested a reciprocal link between depression and obesity.1> Nevertheless, this conclusion
was based on unadjusted results. In addition, in most studies, assessments of depression
were undertaken at only one point in time. Furthermore, only two studies have
simultaneously investigated the bidirectional association between depression and obesity,
with inconsistent results.16:17 Therefore, we examined the bidirectional relationship between
depression and obesity by taking advantage of repeated measurements of BMI and
numerous lifestyle risk factors and health conditions (including depression) during 10 years
of follow-up in the Nurses’ Health Study (NHS) cohort.

SUBJECTSAND METHODS
Study Population

The NHS cohort was established in 1976 when 121,700 female registered nurses aged 30-55
years residing in 11 states of the U.S. responded to a mailed questionnaire regarding their
medical history and health practices. The cohort has been followed every 2 years with
mailed questionnaires that update exposure information and inquire about newly diagnosed
medical illnesses. Details have been published elsewhere.18:19 Total follow-up rate for the
cohort exceeds 90%. In the current analysis, data as of the year 2000 questionnaire in NHS
(n=94,793) was used as the baseline, because physician-diagnosed depression information
was available from this year. Participants were excluded if they had missing information on
depression measures (n=28,546) or BMI (n=292) throughout the study (1996-2006). After
exclusion, a total of 65,955 women were included in the current analysis. Participants
excluded from the analysis had similar BMI levels, but were more likely to have
comorbidities (diabetes, heart disease and stroke) compared with women included in the
analysis (Supplemental Table 1). The study flow is shown in Supplemental Figure 1. The
study protocol was approved by the institutional review boards of Brigham and Women’s
Hospital and Harvard School of Public Health.
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Depression Measurement

ADM use and physician-diagnosed depression were used as measures of depression.
Regular ADM use during the past two years was first assessed in 1996. This information
was updated biennially. The nurses were also asked whether they ever (1996 or before,
1997-1998, 1999, 2000 or after) had physician-diagnosed depression in year 2000
questionnaire. This information was also updated biennially. Therefore, depression was
defined as reporting a physician-diagnosed depression and/or using ADM.

Assessment of Overweight and Obesity

Covariates

Weight and height were collected on the questionnaire in 1976, and weight was further
requested every two years thereafter. Self reported weight was highly correlated (r= 0.96)
with measured weight in a previous validation study in 184 participants.2? We calculated the
BMI as weight in kilograms divided by the square of height in meters (kg/m?) to measure
overall obesity, and used 25.0 and 30.0 kg/m? as the cut-off points to define normal weight,
overweight and obesity, respectively.2!

In the biennial follow-up questionnaires, we inquired and updated information on
menopausal status and menopausal hormone use, lifestyle factors, such as cigarette smoking
and physical activity, as well as a history of chronic diseases, including diabetes,
hypertension, hypercholesterolemia, cardiovascular disease and cancer. Dietary information
(including alcohol intake) was assessed using a validated semi-quantitative food frequency
questionnaire every four years,22 and a western dietary pattern was derived by using factor
analysis to characterize the usual dietary pattern.23 Marital status and living status were
updated every four years.

Statistical Analysis

Information from the first three waves (1996-2000) was used as the baseline period, and
information from the last three waves (2002—-2006) was used as the follow-up period.
Because our two objectives required different population samples, we hereby described
analytic samples and procedures separately.

Baseline Depression Status and Risk of Overweight/Obesity (Analysis 1)—
Average BMI of the three waves during the follow-up period was used as the outcome, and
missing data were replaced by available BMI value in the follow-up period. Women were
excluded if they did not report their body weights in any of the three waves. Depression
status during the baseline period was used as the exposure, and it was defined as currently
reporting or having a history of physician-diagnosed depression and/or regular use of ADMs
at least in one of the baseline questionnaires. We further classified participants into four
groups: no depression; physician-diagnosed depression without ADM use; ADM use but
without reporting physician-diagnosed depression; physician-diagnosed depression and
ADM use. Multinomial logistical regression models with their 95% confidence intervals
(95% Cls) were used with BMI as a categorical variable (normal weight, overweight, and
obesity). To evaluate the temporal association between depression and obesity, we also
restricted the analysis to participants with normal weight or overweight at baseline.

Baseline BMI Status and Risk of Depression (Analysis 2)—Average BMI during
the baseline period was used as the exposure, and depression status during the follow-up
period was used as the outcome. A participant was defined as a case if she reported
physician-diagnosed depression or ADM use at least in one of the follow-up questionnaires.
Logistical regression models (95% ClIs) were used with depression (yes/no) as the dependent
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variable, and BMI was used as the independent variable and modeled as a categorical
variable (normal weight, overweight, and obesity). We also restricted the analysis to
participants free of depression at baseline to assess the association between overweight/
obesity with new onset of depression.

In both analyses 1 and 2, we adjusted for age (5-year category), ethnicity (whites, non-
whites), marital status (currently having spouse or not), living status (living alone or not),
menopausal status (premenopausal or postmenopausal) and postmenopausal hormone use
(never, past or current use), smoking status (never, past, or current smoking of 1-14, 15-24,
or 225 cigarettes/d), alcohol intake (0, 0.1-4.9, 5.0-14.9, >15 g/d), physical activity (<3, 3-
8.9, 9-17.9, 18-26.9, 227 Metabolic Equivalent-hours/week), and quintile of total energy
intake and Western dietary pattern. We further adjusted for major comorbidities (diabetes,
hypertension, hypercholesterolemia, heart disease, stroke and cancer). In the final model, we
further adjusted for baseline average BMI (analysis 1) or baseline depression status (analysis
2). These factors can be categorized as personal characteristics, lifestyle information, and
comorbidities, and these factors are widely considered to be important determinants of risks
for depression and/or obesity. In both analyses, BMI was also used as a continuous instead
of a categorical variable to examine whether the results were sensitive to the predetermined
BMI cut-off point. The statistical analysis was performed with SAS version 9.1 (SAS
Institute Inc., Cary, North Carolina).

Baseline Depression Status and Risk of Overweight/Obesity

Table 1 summarizes the characteristics of the participants in NHS by baseline depression
status as of 2000. At baseline, 18.0% participants reported a history of depression.
Compared with participants free of depression, those with depression were slightly younger,
more likely to have a higher BMI level, to have a history of smoking or menopausal
hormone use, to adopt a western dietary pattern, to live alone and be unmarried, and less
likely to be physically active. Participants with depression had a higher prevalence of
comorbidities (diabetes, hypertension, hypercholesterolemia, heart disease, stroke and
cancer) compared with their non-depressed counterparts.

Depression was associated with increased odds of overweight and obesity (Table 2).
Compared with non-depressed women, the age-adjusted ORs (95% ClIs) were 1.19 (1.13-
1.24) for overweight, and 1.82 (1.73-1.92) for obesity. The ORs were attenuated after
adjustment for covariates including comorbidities, and the ORs were 1.09 (1.03-1.14) for
overweight, and 1.44 (1.36-1.53) for obesity, respectively. The associations did not
materially change with further adjustment for baseline obesity status. When treating BMI as
a continuous variable, the mean difference of BMI between women with and without
depression during the follow-up period was 0.74 (95% Cl, 0.65-0.84) kg/m? before
controlling for baseline BMI category, and was 0.29 (95% CI, 0.24-0.35) kg/m? after
including baseline BMI category in the model.

We further categorized the participants with depression into three groups: women with only
reported physician-diagnosed depression, women with only ADM use, and women with both
physician-diagnosed depression and ADM use. In the fully adjusted multinomial logistical
model, the combination of both physician-diagnosed depression and ADM use was
associated with an increased risk of overweight (OR, 1.14; 95% Cl, 1.03-1.26) and obesity
(OR, 1.61; 95% Cl, 1.40-1.85).

We further investigated the temporal association between depression and incident
overweight or obesity in this cohort (Table 3). In non-obese women at baseline, the
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multivariate-adjusted OR of becoming obesity during the follow-up was 1.51 (95% ClI,
1.36-1.67). Among normal weight women at baseline, the multivariate-adjusted OR of
becoming overweight/obesity during the follow-up was 1.20 (95% Cl, 1.15-1.26).

Baseline BMI and Risk of Depression

Table 1 also summarizes the characteristics of the participants by baseline BMI categories.
The prevalence of overweight and obesity was 35.2% and 21.4%, respectively. Compared to
women with normal weight, overweight or obese individuals were less likely to be
physically active and to have a history menopausal hormone use, and more likely to be
unmarried, to show a western dietary pattern and to have a higher prevalence of
comorbidities (hypertension, hypercholesterolemia, diabetes, and heart disease) and
depression.

Overweight and obesity were associated with an increased risk of reporting depression
during the follow-up period in age-adjusted model (Table 4). The age-adjusted ORs (95%
ClIs) of depression were 1.16 (1.11-1.21) for overweight and 1.63 (1.56-1.71) for obesity
compared with normal weight. The ORs were attenuated after adjustment for covariates
including comorbidities, and were 1.04 (1.00-1.09) for overweight, and 1.28 (1.22-1.35) for
obesity, respectively. Further adjustment for baseline depression status attenuated the
association with overweight (OR, 1.00; 95% CI, 0.95-1.06), and obesity (OR, 1.11; 95% Cl,
1.03-1.18). When treating BMI as a continuous variable in analysis 2, a 5 kg/m? increase of
BMI was associated with an 11% (95% ClI, 9%-13%) and 4% (95% ClI, 2%-7%) increased
risk of depression before and after including baseline depression status in the model,
respectively.

We further analyzed the association between overweight/obesity and new-onset depression
(Table 4). In women without history of depression at baseline, obesity was associated with a
moderately increased risk of depression onset at follow-up (OR, 1.10; 95% CI, 1.02-1.20),
but overweight was not associated with depression risk (OR, 1.00; 95% CI, 0.94-1.07).

DISCUSSION

Results from this well-characterized cohort of about 66,000 U.S. women provide evidence
that the association between depression and obesity is bidirectional. Depression was
associated with a significant increased risk of being obese at follow-up, and this association
was more remarkable in women with both physician-diagnosed depression and ADM use.
The converse analysis showed that baseline obesity was also associated with a moderately
increased risk of being depressed at follow-up. Both associations were only partially
explained by lifestyle factors and baseline comorbidities.

To our knowledge, only two previous studies investigated the bidirectional association
between depression and obesity in a prospective setting, and the results were inconsistent.
Roberts et al.16 found in a sample of 1,886 US middle-aged and elderly men and women that
obesity at baseline was associated with an increased risk of depressed mood 5 years later
(OR, 1.53; 95% ClI, 0.99-2.38), while the other temporal direction of this association was
not significant (OR, 1.17; 95% ClI, 0.64-2.15). However, Kivimaki et al.1” found in 4,154
British men and women with 19 years of follow-up that common mental disorders,
measured by the 30-item General Health Questionnaire (which focuses on self-reported
symptoms of anxiety and depression), were associated with an increased risk of future
obesity, but obesity at baseline did not predict onset of these disorders among participants
free of them at baseline. Both studies relied on self-reported questionnaires to define mental
health status, and the sample sizes were relatively small. In addition, the first study
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contained two waves of measurements, the second study included four waves, while neither
of them defined mental health outcome based on repeated measurements.

Overall, our results are consistent with a recent meta-analysis on the bidirectional
association between depression and obesity. Luppino et al.1> pooled unadjusted data from 15
cohorts and found that baseline depression was associated with an increased risk of
developing obesity (OR, 1.58; 95% CI, 1.33-1.87), baseline obesity increased the risk of
depression occurrence (OR, 1.55; 95% ClI, 1.22-1.98), and the association between
depression and overweight was null. A subanalysis found the effect of obesity on the
development of depression was stronger in the U.S. than non-U.S. studies, and was stronger
for depressive disorder than for depressive symptoms.1> However, only 4 studies in the
meta-analysis adjusted for various covariates, and the association was attenuated for the
adjusted association between depression and overweight in either direction,® which was
consistent with our findings. Nevertheless, some of the covariates could be on the causal
pathway of the association between depression and obesity, such as physical activity and
comorbidities; therefore, the adjusted results might underestimate the true relation. Notably,
our sample size (n=65,955) was larger than all the previous cohorts combined (total n= 7196
for analysis of obesity as the outcome and 55,387 for analysis of depression as the
outcome).1® Therefore, our results provide further evidence that this reciprocal association
was partially explained by lifestyle factors and comorbidities. The present analysis is also
consistent with our previous publication in the same cohort, where we found a reciprocal
association between depression and type 2 diabetes,18 a condition strongly related to
elevated BMI levels.

There are several plausible explanations for the association between depression and an
increased risk of overweight and obesity. Depression may be associated with poor health
behaviors (i.e., poor diet or over-eating, physical inactivity, sleep disturbance), which might
increase the risk of obesity. Moreover, depressed women had a higher prevalence of various
comorbidities, and these physical limitations might also be associated with weight gain and
obesity. Although we controlled for a large number of health behavior factors and other
medical conditions, unmeasured and residual confounding is still possible. Furthermore,
weight gain is a common side effect in long-term treatment with most ADMs.24:25 In a large
nested case-control study with a 4-year follow-up,28 users of ADMs (different types) were
found to gain significantly more weight than non-users. Finally, depression is associated
with dysregulation of the hypothalamic—pituitary—adrenal axis, which may be involved in
the link between depression and obesity.2”

In the analysis of the opposite temporal association, we found that obesity was associated
with a moderately increased risk of depression. This is in agreement with a recent Mendelian
Randomization study which found the fat mass and obesity-associated FTO genotype to be
positively associated with obesity and common mental disorders and that long-term obesity,
based on gene-instrumented analysis, was associated with increased likelihood of symptoms
of depression and anxiety.28 However, that finding was not replicated by another Mendelian
randomization analysis on obesity and psychological distress.2

There are several plausible explanations for the association of obesity with future
depression. First, the stigma toward obese may cause obese individuals to suffer from lower
self-esteem and negative images, potentially leading to higher levels of depression.3? Ross
also proposed the “fitting-appearance-norms hypothesis”, and argued that “for those who are
obese, fitting the norm for weight is stressful because dieting is stressful rather than obesity
per se”.30 This may be particularly true when weight control is not successful, which is
commonly the case.31:32 Furthermore, obesity was associated with physical inactivity and
various chronic disorders, which could also increase the risk of depression.33
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Strengths and Limitations

Strengths of the current study include the large sample size, long-term follow-up, and
biennially updated information on the exposure and outcome, disease onset and lifestyle risk
factors. We used information from three separate repeated measures as the baseline period
and three repeated measurements as the follow-up period, which is likely to decrease
substantially the potential measurement error and misclassification associated with single
measure. A sensitivity analysis of using only one single measure as baseline (2000) or
follow-up (2006) revealed similar results (data not shown).

This study also has limitations. First, our study population primarily consisted of middle-
aged and elderly white nurses. Although the homogeneity of our study participants led to
less confounding by socioeconomic status, the generalizability to other populations,
particularly men, and other racial/ethnic minorities, may be limited. However, a previous
meta-analysis did not find a significant gender difference in either direction of
associations.1® Second, information of physician-diagnosed depression and antidepressants
use was self-reported. However, using this joint information on self-reported diagnosis and
ADMs to classify depression status, we identified lifetime prevalence of depression in our
cohort that was highly comparable to the age/gender-specific prevalence reported in a
population-based study that used face-to-face diagnostic interviews.34 Nevertheless, the self-
reported depression measure, if under-reported, was more likely to attenuate the observed
association between obesity and depression. Moreover, antidepressants can be used for other
conditions, such as anxiety disorders, insomnia, neuropathic pain,3 and premenstrual
syndrome3® and hot flushes38 in women, and we did not have information on dose and
duration of ADM use. Thus, although including ADM use as a component of depression
definition increased the sensitivity of case detection, the specificity may be slightly lower.
However, the results did not change if we only used physician-diagnosed depression as the
case definition (data not shown). Finally, a large proportion of participants were excluded
from the analysis because of missing information on ADM use. Although baseline
characteristics between women who remained in the analysis and those who were excluded
did not differ appreciably (Supplemental Table 1), selection bias and surveillance bias could
not be fully excluded.

CONCLUSIONS

The results from this large well-established long-term cohort study suggest a bidirectional
association between depression and obesity in middle-aged and elderly women. Given that
both conditions are highly prevalent in the U.S. and globally, and that they are major risk
factors for chronic diseases and premature death, our findings have significant public health
importance. In the clinical settings, care providers need to monitor the body weight in
depressed patients and also mood status in obese individuals. For the general public,
individuals with depression need to pay attention to their body weight changes, and people
with obesity should be watchful for depressive symptoms. The reciprocal association
between depression and obesity calls for early detection and the development of prevention
and treatment strategies that can eventually lower the risk of both conditions. In addition,
future studies are still needed to confirm our findings in different populations, and to
investigate specific mechanisms through which depression and obesity may interact.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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