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Background: Cross-sectional studies have reported an association between episodes of
major depression (MDE) and obesity. The objective of this longitudinal analysis was to
determine whether MDE increases the risk of becoming obese over a 10 year period.
Method: We used data from the Canadian National Population Health Survey (NPHS), a
longitudinal study of a representative cohort of household residents in Canada. The
incidence of obesity, defined as a body mass index (BMI) of > 30 kg/m®was evaluated in
respondents who were 18 years or older at the time of a baseline interview in 1994. MDE

was assessed using a brief diagnostic instrument. Results: The risk of obesity was not

elevated in association with MDE, either in unadjusted or covariate-adjusted analyses.
The strongest predictor of obesity was a BMI in the overweight (but not obese) range.
Effects were also seen for (younger) age, (female) sex, a sedentary activity pattern, low
income and exposure to antidepressant medications. Unexpectedly, significant effects
were seen for serotonin reuptake inhibiting antidepressants and venlafaxine, but not for
tricyclic antidepressants nor antipsychotic medications. Conclusions: MDE does not
appear to increase the risk of obesity. The cross-sectional associations that have been
reported, albeit inconsistently, in the literature probably represent an effect of obesity on
MDE risk. Pharmacologic treatment with antidepressants may be associated with an
increased risk of obesity, and strategies to offset this risk may be useful in clinical

practice.
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Introduction:

In the US [1,2] and Canada [3] cross-sectional associations between obesity,
defined in terms of body mass index (BMI), and major depressive episode (MDE) have
been reported. This literature, however, has not been highly consistent. An analysis of
data from the National Comorbidity Survey replication by Simon et al. found a
statistically significant association between obesity (BMI > 30 kg/m?) and MDE, but the
association was weak: OR = 1.2 for lifetime episodes and only 1.1 for past year MDE [1].
The association persisted after adjustment for age, sex and other psychiatric disorders.
Mclintyre et al. reported similar estimates [3]. In an analysis of a large scale
epidemiologic data set, Carpenter et al. [4] reported a gender interaction in which a weak
positive association was seen in women (OR = 1.37) offset by a negative association in
men (OR = 0.63). McLaren et al. [5] also reported a significantly higher prevalence of
mood disorders in obese compared to normal weight women but not men. On the other
hand, a cross-sectional analysis of data from the National Health and Nutrition
Examination Survey (NHANES) by Onyike et al. [2] found an association in both women
(OR =1.8) and men (OR = 1.7). However, the association in men did not attain statistical
significance. Finally, in contrast to all of these results, a study from Finland [6] reported
an association in men but not in women. The interpretation of these studies is limited by
their cross-sectional study designs, which preclude estimation of risk and cannot clarify
the temporal relationships between depression and obesity.

Cross-sectional associations may hypothetically be caused either by an effect of
obesity on MDE incidence, an effect of MDE on obesity incidence, or effects of one

condition on the persistence of the other. There is some evidence that obesity may



increase the risk of MDE. In the Alameda County study of older adults (age 50 or more),
Roberts et al. [7,8] reported a doubling of the incidence of MDE in respondents who were
obese at baseline. The Children in the Community Study found an increased risk in obese
girls but not boys [9].

Another possibility is that MDE may increase the risk of developing obesity. This
possibility has been relatively neglected in the literature and, again, the reported findings
have been inconsistent. An analysis of prospective data from the Zurich cohort study
reported an association between atypical depression and obesity, but the rate of increase
in BMI over time was not significantly influenced by MDE [10]. The Zurich study used
its own diagnostic interview, and its comparability to more commonly used interviews is
questionable. Using data from the Children in the Community Study, Anderson et al. [11]
reported that MDE in childhood predicted more rapid increases in BMI in females, but
the reverse was seen in males. The Alameda County study of older adults did not find
that MDE predicted subsequent obesity [12], nor did a population-based study of
adolescents conducted in Dunedin [13].

In addition to the general lack of evidence concerning the incidence of obesity in
people with MDE, a notable deficiency in this literature is a lack of control for
psychotropic medication use. Only one epidemiologic study has included this variable,
finding that it had no effect [14]. This study was conducted in 1981 and there have been
large increases in the frequency and changes in the pattern of antidepressant use since
then [15]. Tricyclic antidepressants, are generally thought to increase the risk of obesity,

see review by Schwartz et al. [16]. The goal of this study was to determine whether MDE



is associated with incident obesity in the general population of Canada, and to include

adjustment for important covariates — including psychotropic medication use.

Method:

The NPHS is a longitudinal study based on a nationally representative community
sample assembled by Statistics Canada (Canada’s national statistical agency) in
1994/1995. Detailed information about the NPHS methods may be found on the Statistics

Canada Web page (www.StatCan.ca). The longitudinal cohort included 17,276

participants, but the current analysis was restricted to n = 11,502 respondents who were
18 years or older at the time of the initial 1994 interview and also non-obese (BMI less
than 30 kg/m?) at that time. Over the 10 year period, 26% of the original cohort was lost
to follow-up. In addition, some respondents left the sampling frame because of
institutionalization, death or homelessness. All of these respondents were included in the
analysis, but were censored at the time of their last observation. The NPHS cohort has
been interviewed every two years, such that five follow-up interviews are available
covering the 1994 to 2004 time period. The NPHS interview includes self-report items
assessing height and weight, making calculation of the BMI possible. The 1994 NPHS
interviews were mostly conducted face to face, but the majority of follow-up interviews
have been conducted over the telephone.

The NPHS interview included the Composite International Diagnostic Interview
Short Form (CIDI-SF) [17] for MD, which assesses past year MDE. The CIDI-SF was

administered by experienced and trained Statistics Canada interviewers. These


http://www.statcan.ca/

interviewers, however, were not health professionals. The CIDI-SF is scored with a
predictive probability algorithm based on the number of symptom-based criteria fulfilled
during a 2-week period during the preceding year, and which also requires either
depressed mood or loss of interest or pleasure, consistent with DSM-1V [18]. The
instrument was scored at the 90% predictive cut-point in these analyses. This cut-off
requires endorsement of 5 of 9 specified depressive symptoms during the same 2-week
period, also consistent with DSM-IV criteria.

In the analysis, MDE was treated as a time varying factor, so that MDE status at
the start of each 2-year incidence interval determined whether a respondent was in the
exposed or non-exposed cohort during that interval. We modeled the effect of MDE on
obesity incidence using a proportional hazards model. Because the NPHS employed
interviews at discrete (2 year) time points, a proportional hazards model for grouped time
data was used. This was fit as a generalized linear model of the binomial family with a
complementary log-log link function. Jenkins has outlined procedures for
implementation of these analyses in STATA [19]. The analyses presented here are non-
parametric: time intervals are represented in the models using indicator variables with no
assumption about the pattern of change in risk over time. The respondents developing
obesity, dying or who were institutionalized were censored from the models at
subsequent time points. Since obesity is a reversible outcome, a secondary analysis was
conducted to examine the possible effect of MDE on persistence of obesity among those
in the obese category at baseline (n=1867). After preliminary tabular and stratified
analyses, crude (unadjusted) hazards ratios (HR) were calculated. Next, age and sex were

added to the models. Age was depicted using dummy variables for five age groups: 18-



25, 26-45, 46-65 and 66+, with the latter category serving as a baseline group. In view of
the literature (see above), age and sex by MDE interaction terms were assessed in all of
the analyses.

The analysis included baseline overweight status (BMI > 25 but < 30 kg/m?) as a
covariate. We considered this variable to be a potential confounder as it may plausibly be
associated with obesity risk and with MDE. The NPHS defined an active (non-sedentary)
lifestyle using a series of questions about recreational physical activity, metabolic
demands of those activities and amount of time spent participating in them. Low income
was defined as a household income of less than $30,000 (Canadian). Low income may be
related to obesity risk as a result of several mechanisms, including the low cost of highly
palatable energy-dense foods [20]. The NPHS interviewers asked respondents to collect
all of their medication containers and collected a record of medication use in the 2 days
preceding the interview. These were coded using the World Health Organisation’s
Anatomic Therapeutic Classification (ATC). The ATC codes were used to identify the
use of psychotropic medications including antipsychotic medications, sedative-hypnotics
and various classes of antidepressant. All of the covariates were included in the models as
time-varying characteristics and were selected for inclusion in the final models based on
p <0.10.

The NPHS used a multistage, stratified design that also included clustering to
select eligible households. To correct for bias potentially resulting from this complex
survey design, Statistics Canada recommends a bootstrap procedure that uses a set of 500
replicate weights. All of the estimates presented below are weighted in this way and the

confidence intervals derive from the bootstrap procedure. All analyses were conducted at



the Regional Research Data Centre on the University of Calgary campus, using STATA

[21]. The study received approval from the University of Calgary Conjoint Ethics Board.

Results:

There were 11,502 respondents eligible for inclusion in the analysis, see Figure 1.
Of these, 5.6% (95% CI 5.1 — 6.2) had MDE at the baseline interview. Of the total
sample, 3.8% (95% CI 3.3 — 4.3) entered into the obese category in the initial 2-year
follow-up period between 1994 and 1996 — the incidence being 3.5% in women and 4.1%
in men. In subsequent cycles, the incidence of obesity ranged from 2.9% to 4.0%. Of
those with MDE in 1994, 4.3% (95% CI 2.3 — 6.2) were obese in 1996 compared to 3.6%
(95% CI 3.1 — 4.1) of those without MDE.

Over the 10 year follow-up interval, the unadjusted HR for MDE was 1.1 (95% CI
0.8 — 1.6). No interactions were identified when covariates and associated interaction
terms were added to the model. Women had an elevated risk of obesity, as did those in
the younger age categories, those without a physically active lifestyle, low income and
those who were in the overweight BMI category. There was an association of obesity risk
with use of serotonin-specific re-uptake inhibitors and venlafaxine, but no association for
other antidepressant categories. However, inclusion of these covariates in a single model

did not alter the (lack of) association between MDE and obesity incidence, see Table 1.



Table 1. Proportional Hazards Model for Obesity, by MDE*

HR 95% ClI p-value
MDE 1.1 0.8-15 0.70
Female 1.2 1.0-14 0.03
Age 18-25 3.2 23-4.3 <0.001
Age 26-45 2.2 1.7-2.8 <0.001
Age 46-65 1.8 1.4-23 <0.001
Physically active lifestyle 0.9 08-1.0 0.02
Low income 1.3 12-15 <0.001
Baseline BMI “overweight” 12.5 10.2 -15.3 <0.001
Venlafaxine 4.9 1.8-13.0 <0.001
SRI 1.9 1.2-3.2 0.01

* tricyclic antidepressants were not significantly associated with obesity risk: HR = 1.3,
95% C10.85-2.0,p=0.23

Obesity is a reversible outcome. However, in the analyses presented above,
respondents who developed obesity were subsequently removed from the population at
risk. In order to determine the proportions moving from the obese to the non-obese
categories we conducted a secondary analysis in which only those with a BMI > 30 kg/m?
at baseline were included. Of those with MDE at the 1994 baseline interview, 13.0%
(95% CI 5.1 — 20.8) moved into a non-obese BMI category by the next interview in 1996.
However, a greater percentage of those in the non-MDE category made this transition,
22.4% (95% CI 19.6 — 25.1). In the remaining cohort, the longer the respondents
persisted in the obese category the less likely they were to become non-obese. Only 7.1%
of those who were persistently obese between 1994 and 2002 became non-obese by 2004.
The crude HR for MDE suggested that those with MDE were less likely to move from
obese to non-obese status (HR = 0.5, 95% CI 0.3 — 1.0), p = 0.04. However, after
adjustment for other factors found to be related to recovery from obesity (age, sex,
chronic conditions, low income) the effect of MDE became slightly weaker and no longer

attained statistical significance, HR = 0.6 (95% CI 0.3 - 1.1), p = 0.11.



Discussion:

These analyses uncovered no evidence that MDE increases the risk of obesity. In
general, the analysis reproduced an expected pattern of obesity determinants, providing
some degree of confidence about the results. The most notable finding is an apparent
association between antidepressant use and obesity incidence. Notably, the association
was seen for serotonin specific reuptake inhibitors and venlafaxine, which are generally
believed to convey less risk of weight gain than other antidepressants. It is possible that
this result may be due to confounding by prescriber expectancy. Physicians may
specifically select these medications for use in patients they believe to be most at risk of
weight gain. As such, those exposed to serotonin specific reuptake inhibitors and
venlafaxine may be a group at higher risk of obesity for reasons other than their
antidepressant medications. On the other hand, it is possible that these medications,
which tend to reduce appetite in initial stages of treatment, may lead to weight gain with
longer term use. An effect of this nature may represent a manifestation of tolerance to the
effects of antidepressant medications [22]. Concern with the possibility that
antidepressants may act as risk factors for obesity is magnified by recent large increases
in the frequency of antidepressant treatment [23].

A limitation of the analysis is its reliance on self-reported height and weight,
which could lead to an underestimation of obesity incidence [24]. The resulting
misclassification bias might obscure an association between MDE and obesity incidence.
Also, if both MDE and obesity were related to attrition, then bias may have been

introduced because of loss of follow-up. The extent of bias is likely to be small, however,

10



since MDE is not strongly associated with attrition from cohort studies [25,26]. Another
limitation is misclassification that may have resulted from the timing of the interviews.
The CIDI-SF identifies past year episodes, whereas the NPHS interviews were spaced
two years apart. Some respondents with brief MDEs may not have been classified
correctly in the analysis. If the resulting misclassification were non-differential (ie. the
same in obese and non-obese respondents), the expected direction of bias would be
towards the null. The CIDI-SF was not designed to identify atypical depressive episodes.
The results, therefore, cannot be generalized to atypical forms of depression.

These results convey a cautionary message about the adverse health effects of
depression. Reports of cross-sectional associations between obesity and MDE (although
these have been inconsistent) might be interpreted as a basis for increasingly energetic
antidepressant treatment. However, it appears that MDE itself is probably not a strong
determinant of obesity. However, obesity may be associated with antidepressant
treatment. Non-pharmacologic treatments for MDE such as cognitive behavioral therapy
may be preferable for suitable individuals who are at risk of obesity. Notably, the
protective effect of physical activity seen in Table 1 may be a valuable ancillary result, as
behavioral activation strategies are often beneficial in depression management.
Participation in extra physical activity may also have the added benefit of protecting

against antidepressant induced weight gain.
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