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a b s t r a c t

Antidepressants are efficacious but we do not know which antidepressant is best suited to which person.
We investigated the working hypothesis that obesity and sex may together be differential predictors of
acute remission of specific symptoms for commonly used antidepressant medications. Data were
acquired for 659 outpatients (18–65 years of age) who completed the iSPOT-D practical randomized con-
trolled clinical trial. We measured adiposity by body mass index (BMI). By WHO criteria, 42% of patients
were normal weight, 28% overweight and 31%, obese [class I (15%), II (10%) and III (6%)]. Patients were
randomly assigned to 8-weeks of treatment with escitalopram, sertraline or venlafaxine extended-
release (venlafaxine-XR) and then defined as remitters (17-item Hamilton Rating Scale for Depression
score 67) or non-remitters. In logistic regression models, BMI was a differential predictor of remission
according to antidepressant type. Morbidly obese patients, compared to those with normal weight, were
more likely to remit on venlafaxine-XR in particular. This effect was driven by a reduction specifically in
physical symptoms, including sleep disturbance, somatic anxiety and appetite. The number needed to
treat to achieve remission with venlafaxine-XR in obese III participants was 6. Higher BMI females but
not males were more likely to remit regardless of medication type; this effect was related to a change
in cognitive symptoms, including suicidal ideation, guilt, and psychomotor changes. Our findings suggest
that considering BMI and sex, and assessing specific symptoms, could help tailor antidepressant choices
to improve remission from depression in specialty and primary care settings.

� 2016 Published by Elsevier Inc.

Introduction

Antidepressants can be efficacious, but which antidepressant is
best suited to which person is currently unclear. Simple demo-
graphic, vital sign, and symptom information such as sex, height
and weight and symptom profiles may be available to prescribing
providers, yet there is no consensus as to how these variables may
be used to inform antidepressant treatment.

Obesity in particular, is highly prevalent in individuals with
MDD [10,11]. However, research findings regarding the impact
of adiposity (body fat) on the success of antidepressant

pharmacotherapy in individuals with MDD are mixed. Some
studies suggest that overweight or obese individuals with MDD
demonstrate less favorable outcomes [7,9,12,13,23], while other
studies suggest no weight-related differences in response to
antidepressant medications [18,22,24]; for review, see [27].

Sex differences may be another important factor in predicting
outcomes after antidepressant treatment [1,5,8,17], although the
research on this topic is also somewhat equivocal and does not
typically account for differences in adiposity [4,14,15,21,26]. To
date, one study suggests that response to a Selective Serotonin
Reuptake Inhibitor (SSRI) versus placebo might depend on obesity
in females but not in males [6]. Although both non-obese and
obese women demonstrated a greater reduction in symptoms to
treatment with an SSRI versus placebo, obese men did not benefit
more from SSRI treatment. Further, obese females demonstrated
approximately double the reduction in symptoms of obese males
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after antidepressant treatment suggesting that obese women may
respond better to SSRIs than obese men.

Depression is a pervasive disorder with symptoms spanning
multiple domains of cognitive (e.g., depressed mood, suicidal
thoughts, feelings of guilt) and physical (e.g., sleep disturbance,
appetite and weight changes, somatic complaints) function [27].
Thus, it may also be important to consider whether the effects of
adiposity and sex differences on antidepressant outcomes may be
differentially reflected in specific domains of cognitive and physi-
cal symptoms. To date, studies in this area have tended to rely
on a combined symptom outcome score, consistent with the typi-
cal primary symptom outcome for clinical trials [6,9,12,18,22,24].
However, there is evidence that symptom profiles may in fact vary
with factors such as BMI, along with other demographic factors (for
review; see Woo et al. [27]). For example, Kloiber and colleagues
[7] reported differences in pre-treatment neurovegetative symp-
toms according to BMI, with obese individuals endorsing less
insomnia, weight loss, and decreased appetite than nonobese indi-
viduals with MDD. Taking this a step further, Uher et al. [23] doc-
umented differential changes in neurovegetative (but not
cognitive) symptoms of depression according to obesity, sex, and
antidepressant type (nortriptyline, escitalopram).

It has been suggested that different outcomes across treat-
ment studies may be related to several abovementioned factors
including differences in sample demographics, types of antide-
pressants, and categories of depressive symptoms [27]. Our aim
was to further investigate the role of these factors, particularly
the role of obesity, sex, and type of antidepressant, on acute
remission from depression after antidepressant treatment using
data from the International Study to Predict Optimized Treatment
in Depression (iSPOT-D; [25]). In many previous studies of over-
weight and antidepressant outcomes, the medication type has
varied across studies or is not controlled for [7]; a situation
which may have contributed to the variation across findings
reported to date. Therefore, we aimed to examine whether the
relationship between BMI and remission rates after treatment
would depend on medications type. Additionally, we chose to
parse out specific symptom clusters (vegetative/physical vs. cog-
nitive) to better understand if adiposity, sex, and antidepressant
type are related to a differential reduction of specific symptom
types following antidepressant treatment. We tested the follow-
ing hypotheses:

(1) Adiposity (assessed by BMI) predicts remission outcomes
following antidepressant treatment as a function of type of
antidepressant medication. In our predictive analysis we
explored the differential contribution of medication type in
a priori specified pairwise comparisons (venlafaxine-XR vs.
escitalopram, venlafaxine-XR vs. sertaline and sertaline vs.
escitalopram).

(2) The contribution of adiposity to predicting antidepressant
remission varies according to sex, and obese women are
likely to have comparatively better remission outcomes.

(3) The mechanisms underlying the role of BMI in predicting
remission outcomes, as a function of antidepressant medica-
tion type and sex (as tested under hypotheses 1 and 2) are
reflected in the differential improvement of specific symp-
toms (physical or cognitive). This hypothesis draws on evi-
dence suggesting that specific antidepressants
(nortriptyline, escitalopram) may preferentially act on speci-
fic symptom types (such as vegetative symptoms vs. cogni-
tive symptoms), and this effect varies according to level of
body fat [23]. Thus, our working hypothesis was that BMI
would have a differential effect on improving symptoms
within these specific domains.

Materials and methods

Overview and study design

iSPOT-D is a multisite randomized controlled practical trial
designed to identify different predictors of outcomes in 1008 par-
ticipants with nonpsychotic MDD randomly assigned to receive
escitalopram, sertraline or venlafaxine extended-release
(venlafaxine-XR) for 8 weeks. Randomization to treatment group
was performed using Phase-Forward’sTM validated, Web-based
Interactive Response Technology, and a blocked procedure across
sites (block size of 12). Outcome assessors were masked, but not
the treating clinicians nor the participants. Consistent with the
practical trial design of iSPOT-D, clinicians adjusted medication
dosages according to routine clinical practice. Details of iSPOT-D
are described elsewhere [25]. The study was approved by institu-
tional or ethical review boards at each site, and the protocols were
in compliance with International Conference on Harmonization
and Good Clinical Practice principles, the U.S. Food and Drug
Administration Code of Federal Regulations, and country-specific
guidelines.

Participants

Participants gave written informed consent. Inclusion criteria
were an age from 18 to 65 years (M = 38.9, SD = 12.6); fluency/lit-
eracy in English or Dutch; and endorsement of Diagnostic and Sta-
tistical Manual of Mental Disorders, fourth edition (DSM-IV)
criteria for single or recurrent nonpsychotic MDD based on the
Mini International Neuropsychiatric Interview Plus (MINI-Plus;
[19,20]). Exclusion criteria included suicidal planning, psychiatric
comorbidities other than anxiety disorder, contraindications for
study treatments or previous treatment failure at the highest rec-
ommended dose, current treatment of MDD using study treat-
ments, substance dependence, history of brain injury, sensory
impairments that could interfere with study assessments, and
pregnancy/breast feeding (see Supplementary Fig. 1).

The first phase of iSPOT-D enrolled 1008 eligible patients from
17 sites in the United States, Netherlands, Australia, New Zealand
and South Africa (see Saveanu et al. [19] for the clinical character-
istics of these patients). Of these participants, 956 had BMI mea-
surements and 929 had BMIsP 18.5 kg/m2 (see the CONSORT
chart; Supplementary Fig. 2). Of these participants, 659 completed
the acute 8-week antidepressant treatment phase of the study.
This per-protocol sample of 659 participants was used in this
study. Demographic and clinical characteristics for the sample
are displayed in Table 1.

We investigated potential differences between treatment com-
pleters and non-completers across several variables using analyses
of variance (ANOVAs) with Bonferroni corrections to address mul-
tiple statistical tests. There were no differences between treatment
completers and non-completers in baseline depression symptom
severity based on the 17-item Hamilton Rating Scale for Depres-
sion (HRDS17; [3]) (F[1, 1006] = 0.75, p = 0.39), and neither sex
dropped out at a higher rate than the other (v2 = 0.72, df = 1,
p = 0.40). BMI ranged from 19 to 72 kg/m2 in this sample (com-
pleters), or normal weight to obese class III according to the
WHO classification, with a mean in the overweight range
(28.0 kg/m2; SD: 7.1). The sample consisted of 43% males and
57% females. There were no differences in mean BMI between com-
pleters and non-completers (F[1, 954] = 3.93, p = 0.05).

Issues related to differences in initial symptom severity and
other iSPOT-D variables across sites are addressed in detail
elsewhere [19]. Of note, there were no differences in BMI across
different countries (F[4, 654] = 1.78, p > 0.05).
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