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ARTICLE INFO ABSTRACT

Keywords: Depression appears to be associated with weight gain. Little is known about whether this association is
Depression independent of, or partly due to, several biopsychosocial variables. This study aims to investigate which
Weight biopsychosocial variables contribute to weight gain over a 4-year period in persons with major depressive
Mechanisms

disorder (MDD) or high depressive symptoms. Data from 1658 adults who participated in the Netherlands Study
of Depression and Anxiety were used. Baseline depression was measured with a DSM-IV based psychiatric
interview and with a depressive symptom measure. Four year weight gain was classified as stable weight (within
5% gain or loss) versus weight gain (> 5% gain). Twenty-one baseline psychological, lifestyle and biological
variables and antidepressant use were considered as potential contributing variables. In sociodemographic
adjusted models, MDD and depressive symptoms were associated with subsequent weight gain. None of the
biopsychosocial variables or antidepressants was associated with weight gain, thus did not contribute to the
observed increased weight gain risk in depression, except for alcohol intake and TCA use. Future research should
explore other potential factors that may be responsible for the increased risk for subsequent weight gain in

depression, e.g. unhealthy dietary patterns or eating styles, or underlying intrinsic factors such as genetics.

1. Introduction

Depression and obesity are associated, and their link appears to be
bidirectional (De Wit et al., 2010; Luppino et al., 2010; Faith et al.,
2011). Persons experiencing major depressive disorder (MDD) and
depressive symptoms have shown to subsequently gain weight
(Forman-Hoffman et al., 2007; Patten et al., 2009; Koster et al., 2010;
Singh et al., 2014). Multiple pathways related to psychological,
physical or biological variables could contribute to the observed weight
gain and obesity in depression, however few have been systematically
investigated.

A small number of reviews have attempted to clarify why and how
depression and obesity are related by examining the role of different
biopsychosocial variables as contributing variables (Markowitz et al.,
2008; Preiss et al., 2013; Rossetti et al., 2014). These reviews were
narrative in nature, only included cross-sectional studies and/or did not
study weight gain but only incidence of obesity. Studying weight gain
over time as opposed to body mass index (BMI) at one time point has

several advantages. It can show the dynamic relationship between
depression and weight gain, and weight gain is a more sensitive
measure as compared to developing obesity. Also, using substantial
weight change categories (i.e. comparing weight gain to stable weight),
as was also done in earlier studies (Forman-Hoffman et al., 2007; Koster
et al., 2010), is relevant from a clinical perspective. Gaining insight into
which biopsychosocial variables contribute to weight gain in depression
may help us to improve our understanding of how intervention
strategies can prevent this negative consequence of depression.
Psychological vulnerabilities may contribute to weight gain and
development of obesity in depressed persons. Persons with depressive
disorders tend to experience more cognitive reactivity responses like
hopelessness, aggression and rumination, anxiety sensitivity and worry,
as opposed to psychiatrically healthy controls (Hong, 2007; Naragon-
Gainey, 2010; Drost et al., 2012). They also experience feelings of
limited mastery (Papageorgiou et al., 2015). Cognitive reactivity is the
ease at which negative thinking patterns are reactivated through minor
triggers, and is depicted as general negative thoughts. One previous
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study found cross-sectional associations between lower self-efficacy,
strongly related to mastery, and higher body weight in depressed
participants (Linde et al., 2004). We recently showed associations
between higher cognitive reactivity and a high BMI in persons with
current depression and anxiety disorder as compared to healthy
controls (Paans et al., 2016). Markowitz et al. (2008) suggested there
to be an indirect pathway from specific weight-related negative
thoughts, associated to the psychological vulnerabilities we measure,
to a worse self-care and subsequently a higher BMI. However, to date,
no other studies have directly investigated whether these psychological
vulnerabilities may contribute to the increased subsequent weight gain
risk in depression.

Depression has also repeatedly been related to more unhealthy
lifestyle aspects such as smoking, increased alcohol intake and less
physical activity (Van Gool et al., 2007). These lifestyle aspects are also
related to obesity and weight gain (Filozof et al., 2004; World Health
Organisation (WHO), 2004; Ruotsalainen et al., 2015; Traversy and
Chaput, 2015). Furthermore, biological dysregulations might also
contribute to weight gain in depression. It is known that MDD is
associated with dysregulation in several immuno-metabolic processes
such as autonomic nervous system dysregulation, HPA-axis dysfunction
and inflammation (Markowitz et al., 2008; Penninx et al., 2013). These
dysregulations have also been linked to obesity and food intake
(Hotamisligil, 2006; Messina et al., 2013). While several narrative
reviews have already recognized these biological factors as possible
contributing variables explaining how depression and obesity are
related (Markowitz et al., 2008; Rossetti et al., 2014; Singh, 2014),
no previous studies have directly analyzed whether the association
between depression and weight gain is (partly) due to these factors.

Alternatively, it is also possible that, as opposed to biopsychosocial
external factors, the antidepressant treatment of MDD links depression
to weight gain. Earlier studies have observed subsequent weight change
in persons using antidepressants (Fava, 2000), while another study did
not find an independent effect of antidepressant use on weight change
(Gibson-Smith et al., 2016). Since the associations between antidepres-
sant use and weight change remain unclear, we also considered
treatment with antidepressants as a potential contributing variable.

A few studies have found associations between psychological
vulnerabilities, lifestyle and biological variables, antidepressant use,
and weight gain. However the evidence for the extent to which these
are relevantly contributing is weak and inconclusive. Shedding more
light on variables contributing to the association between depression
and weight gain is important, since changes in weight can lead to
overweight and obesity, which have serious health consequences such
as cardiovascular diseases and diabetes (Field et al., 2004). Also, more
insight into these contributing variables can possibly help to tailor
useful treatment strategies for depressed persons to prevent subsequent
weight gain. Therefore, the aim of this 4-year prospective study is to
examine which biopsychosocial factors and antidepressant use con-
tribute to the observed increased weight gain in persons with MDD or
high depressive symptoms as compared to healthy controls and those
with low depressive symptoms.

2. Methods
2.1. Study sample

Data from the Netherlands Study of Depression and Anxiety
(NESDA), an ongoing cohort study of people with depression and
anxiety disorders and healthy controls were used. In order to represent
diverse settings and developmental stages of psychopathology, 2981
adults (18-65 year) from the community (19%), general practice (54%)
and specialized mental health care (27%) were included at baseline.
Exclusion criteria were a primary clinical diagnosis of psychotic
disorder, obsessive-compulsive disorder, bipolar disorder, or severe
substance abuse disorder, and insufficient command of the Dutch
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language. The research protocol was approved by the Ethical
Committees of the contributing universities and all participants pro-
vided written informed consent. A detailed description of the NESDA
study design can be found elsewhere (Penninx et al., 2008). Between
September 2004 and February 2007, all participants underwent a
baseline assessment containing an extended face-to-face interview
conducted by a trained research assistant, which included a standar-
dized diagnostic psychiatric interview (Composite International Diag-
nostic Interview (CIDI) version 2.1,(Wittchen, 1994)) and self-report
questionnaires.

For the current study, we selected participants with a diagnosis of
current or remitted MDD along with controls with no history of
depressive or anxiety disorders at baseline (n=2605), excluding those
with a pure anxiety disorder (n=373) and of whom data on psychiatric
disorders was inconclusive (n=23). We also excluded participants with
no weight data (n=689), women who were pregnant (n=43) and
persons with self-reported hyperthyroidism (n=15) at baseline or at 4-
year follow-up. In addition, we excluded participants who experi-
enced > 5% weight loss over four years (n=200), since it can be
expected that this group has a different pathology (Lamers et al., 2012),
leaving 1658 participants for the main analyses. The excluded partici-
pants were significantly younger (p < 0.05), more often female
(p < 0.001), had followed less years of education (p < 0.05), had
higher depressive symptom scores (Inventory of Depressive Symptoms,
p < 0.001), and had more often a diagnosis of depressive disorder at
baseline (p < 0.05).

2.2. Depression measurements

At baseline, presence of a DSM-IV depressive disorder (MDD,
dysthymia) was established using the Composite Interview Diagnostic
Instrument (CIDI, version 2.1 (Wittchen, 1994)). The current sample
included 655 participants with a current diagnosis (i.e. within the past
6 months), 530 participants with a remitted diagnosis, and 473 control
participants (i.e. no lifetime history of psychiatric disorders). Severity
of depressive symptoms in the past week was assessed with the 30-item
Inventory of Depressive Symptomatology - Self Report (IDS-SR, range 0
to 84 (Rush et al., 1996)).

2.3. 4-year weight change

Height and weight were measured at baseline and 4-year follow-up
by a trained research assistant. BMI was calculated as weight kilograms
divided by height squared in meters (kg/m?). As in earlier studies
(Forman-Hoffman et al., 2007; Koster et al., 2010; Gibson-Smith et al.,
2016), we operationalized weight change based on > 5% change in
weight over a 4-year period from baseline weight. Weight change was
classified as: weight stable (within 5% weight loss or gain) and weight
gain (> 5% weight gain).

2.4. Psychological vulnerabilities

Cognitive reactivity was measured by the Leiden Index of Depression
Sensitivity-Revised (LEIDS-R, values range from O to 20 or O to 24 (Van der
Does, 2002; Williams et al., 2007)). The LEIDS-R questionnaire assesses
the extent in which dysfunctional cognitions are triggered during normal
mood variations, three subscales (hopelessness/suicidality, aggression and
rumination) were included. Anxiety sensitivity was measured by the
Anxiety Sensitivity Index (ASI, values range from O to 64 (Reiss et al.,
1986)), assessing the sensitivity to sensations of fear. Worrying was
operationalized using the Penn-State Worry Index (PSWQ, values range
from 16 to 80), examining the extent to which persons worry frequently
and extensively (Meyer et al., 1990). The amount of feelings of mastery
was assessed through the Pearlin Mastery Scale (values range from 5 to 25
(Pearlin and Schooler, 1978)). All psychological vulnerabilities were
measured at baseline, and were based on self-report questionnaires.
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2.5. Lifestyle factors

Baseline lifestyle factors contained smoking, alcohol use and
physical activity. Smoking was operationalized by number of cigarettes
per day. Alcohol use was expressed in number of drinks per week.
Physical activity was examined using the International Physical Activity
Questionnaire (Craig et al., 2003) and expressed as overall energy
expenditure in Metabolic Equivalent Total (MET in hours/week).

2.6. Indicators of physiological (stress-) systems

We included baseline biomarkers of pathophysiological systems consist-
ing of the autonomic nervous system, inflammation, leptin and cortisol
levels. Autonomic nervous system measurements were recorded with a
“Vrije Universiteit Ambulatory Monitoring System” (VU-AMS), a light-
weight portable device that records ECGs and changes in thorax impedance
(impedance cardiography [ICG]) from a six-electrode configuration, which
was worn for an average of 90 min during the baseline interview (Licht
et al., 2012). From the VU-AMS recordings, heart rate (HR), respiratory
sinus arrhythmia (RSA) and pre-ejection period (PEP) could be computed,
as indicators of sympathetic and parasympathetic nervous system activity.
For the inflammation markers and leptin levels, morning fasting blood
samples were obtained and frozen at —80 °C. Circulating plasma levels of
tumor necrosis factor-alpha (TNF-a), c-reactive protein (CRP) and inter-
leukin-6 (IL-6) were used as markers of inflammation. These measurements
were assessed with high sensitivity enzyme-linked immunosorbent assays,
as described earlier (Vogelzangs et al., 2012). Leptin concentrations were
measured in ethylenediaminetetraacetic acid (EDTA) plasma using an
enzyme-linked immunosorbent assay (Milaneschi et al., 2012). To examine
HPA-axis functioning, subjects were instructed to collect saliva samples at
home on a regular (preferably working) day at awakening, and 30, 45 and
60 min later, and in the evening (Vreeburg et al., 2009). We calculated the
cortisol awakening curve (area under the curve with respect to the ground;
AUCg), an estimate of the total cortisol secretion over the first hour after
awakening (Pruessner et al., 2003), as well as evening cortisol levels by
averaging two evening values (22:00 and 23:00).

2.7. Antidepressant treatment

Antidepressant use was assessed at baseline by asking participants
to bring the packaging from all medications used in the previous month.
These were classified according to the Anatomical Therapeutic
Chemical (ATC) classification (World Health Organisation (WHO),
2014). Antidepressants were grouped according to type and/or sus-
pected effect on weight gain into the following three groups: tricyclic
antidepressants (TCA's) (ATC code: NO6AA), selective serotonin reup-
take inhibitors (SSRIs) (ATC code: NO6AB), and other antidepressants,
92% of which were mirtazapine (ATC code: NO6AX11) and venlafaxine
(ATC code: NO6AX16), along with ATC codes NO6AF, NO6AG, and
other NO6AX. For all antidepressants a derived daily dose (DDD) was
calculated by dividing the subject's daily dose used by the defined daily
dose recommended by the World Health Organisation (WHO) (2014).

2.8. Covariates

Covariates were selected a priori based on findings based on other
studies. Age, sex, years of education and baseline weight were assessed
during the interview and included as potentially confounding variables.

2.9. Statistical analyses

Baseline sample characteristics were described as means and
standard deviations, or percentages. For non-normally distributed
variables the median and interquartile range were calculated. We first
tested whether several depression indicators (i.e. current depressive
disorder and remitted depressive disorder versus healthy controls, and
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Fig. 1. Illustration of the total effect of depression on weight gain (c¢) and a statistical
mediation design where depression is associated with weight gain directly (¢’) and
indirectly (axb) through a contributing variable.

depressive symptom severity; together referred to as depression) were
associated with weight gain (as opposed to stable weight) using logistic
regression analyses (Fig. 1, pathway c). Only the associations of
depression indicators that remained significantly related with weight
gain after adjustment for sociodemographic covariates were included in
the subsequent statistical mediation analyses.

To examine whether the associations between depression and 4-year
weight gain appeared to be independent of, or appeared to be (partly)
due to, 21 biopsychosocial variables and baseline antidepressant use,
analyses according to the Hayes statistical mediation model were
performed (Hayes, 2012). This model was chosen because the goal of
this study to understand how and why depression and weight gain are
associated. Also, since depression and the potential contributing vari-
ables are in general associated, this statistical mediation model seemed
the best choice (Kraemer et al., 2001). Values of all biopsychosocial and
antidepressant use variables were standardized to create comparable
effect sizes. For skewed variables, the natural logarithm was taken
before standardizing. Weight gain over 4 years was considered as a
categorical outcome variable (weight stable vs. weight gain), and
analyses were done using both MDD versus healthy controls, and
depressive symptom severity separately as independent variables. We
applied statistical mediation analyses to test I) the associations between
depression and potential contributing biopsychosocial variables (path-
way a in Fig. 1); II) the associations between the contributing variables
and weight gain (pathway b in Fig. 1); III) the direct associations
between depression and weight gain, corrected for a X b (pathway ¢’ in
Fig. 1); and IV) the indirect associations between depression and weight
gain through the contributing variables (pathway a X b). Analyses were
performed using the Hayes SPSS ‘process’ macro, which allows the use
of dichotomous outcomes and estimates the indirect associations of the
independent variable on the dependent variable through the contribut-
ing variables (Hayes, 2012). This method uses bootstrap resampling
procedures, in which participants are randomly selected, with replace-
ment, from the original sample. For each bootstrap sample the model is
estimated and the parameters saved. The indirect association is deemed
significant if the 95% bootstrap percentile confidence interval did not
include zero. Number of bootstraps were set at 5000. Contributing
variables were entered into the model separately first. Thereafter,
variables found to be successfully contributing to the relationship
between depression and weight gain at the previous analyses will be
entered into a final “multiple mediation model”. All analyses were
adjusted for age, sex, years of education and baseline weight.

All analyses were conducted using SPSS version 21.0 (IBM Corp.,
Armonk, NY, USA). A p-value of 0.05 was considered statistically
significant.
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Table 1

Baseline sample characteristics per four-years weight change categories across patients and controls (N=1658).
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Sociodemographic variables
Age (years), mean (SD)
Sex (% female)

Years of education

Psychiatric variables and course
Depressive symptoms (IDS), mean (SD)
< 80% of the time depressive symptoms (%)"
= of 80% of the time depressive symptoms (%)"
Diagnosis status
Controls (%)
Remitted depressive disorder, %)
Current depressive disorder (%)
Antidepressant use (% yes)
No antidepressant use, stable®
Started antidepressant use”
Stopped antidepressant use”
Chronic antidepressant use®
TCA derived daily dose, mean (SD)
SSRI derived daily dose, mean (SD)
Other antidepressants derived daily dose, mean (SD)

Weight

Baseline weight, mean (SD)

Body Mass Index (kg/m?), mean (SD)
4-year weight change, mean (SD)

Psychological vulnerabilities
Hopelessness, median (IQR)
Aggression/hostility, median (IQR)
Rumination, mean (SD)

Anxiety sensitivity, median (IQR)
Worry, mean (SD)

Mastery, mean (SD)

Lifestyle factors

Alcohol (drinks/week), median (IQR)

Smoking (cigarettes/day), median (IQR)

Physical activity (MET-minutes/week), median (IQR)

Biological factors and physiological stress systems
Heart rate, mean (SD)

Respiratory sinus arrhythmia, median (IQR)
Pre-ejection period, mean (SD)

C-reactive protein (mg/1), median (IQR)

Interleukin-6 (pg/1), median (IQR)

Tumor necrosis factor-alpha (pg/ml), median (IQR)
Leptin (ug/1), median (IQR)

Cortisol awakening curve (AUCg; nmol/l/h), mean (SD)
Evening cortisol, median (IQR)

4-year weight stable (n=1075)

4-year weight gain (n=583)

44.6 (12.6) 38.5 (12.9)
63.2 66.7

12.6 (3.2) 12.2 (3.1)
19.0 (13.7) 22.2 (14.6)
41.4 51.1

10.2 14.9

30.9 24.2

34.7 26.9

34.4 48.9

24.4 24.5

21.7 30.7

5.3 9.2

11.3 11.5

21.1 19.0

0.02 (0.17) 0.02 (0.16)
0.22 (0.62) 0.27 (0.65)
0.06 (0.31) 0.06 (0.33)
76.6 (15.8) 74.7(16.7)
25.5 (4.7) 24.8 (5.0)
0.3 (2.1) 7.9 (4.3)

3.0 (1.0-6.3) 4.0 (2.0-8.0)
3.0 (1.0-6.0) 4.0 (2.0-7.0)
8.8 (5.2) 9.6 (5.4)
26.0 (21.0-33.0) 27.0 (22.0-35.0)
29.3 (12.0) 31.4 (12.1)
17.7 (4.5) 17.1 (4.7)
3.7 (0.4-8.7) 5.8 (0.2-8.2)
10 (5.0-20.0) 10 (5.0-20.0)

2784 (1398.0-5001.0)

3058 (1371.8-5486.3)

71.2 (9.7) 72.0 (9.2)

36.5 (26.2-50.7) 42.9 (29.8-59.7)
120.4 (18.4) 120.7 (17.2)

1.1 (0.5-2.9) 1.1 (0.5-2.9)
0.9 (0.5-1.3) 0.8 (0.5-1.2)
0.8 (0.6-1.1) 0.8 (0.6-1.1)
10.9 (5.1-19.3) 11.3 (4.7-20.1)
18.9 (6.7) 19.4 (7.6)

4.9 (3.4-6.6) 4.7 (3.4-6.5)

SD=standard deviation; IDS=Inventory of Depressive Symptoms; IQR=Interquartile range; TCA: Tricyclic antidepressants; SSRI: Selective serotonin reuptake inhibitors.
Hopelessness, Aggression & Rumination subscales: Leiden Index of Depression Sensitivity-Revised; Anxiety sensitivity: Anxiety Sensitivity Index; Worry: Penn State Worry
Questionnaire; Mastery: Pearlin Mastery Scale; Smoking: numbers of cigarettes per day; Alcohol use: amount of drinks per week, sum score; Physical activity: total minutes per
day; AUCg: area under the morning curve with respect to the ground. Weight stable is defined as within 5% weight loss or gain over a 4-year period from starting weight. Weight gain

is defined as > 5% gain in weight over a 4-year period from starting weight.
@ Only for the patient group, over a period of four years.

3. Results

Table 1 shows the distribution of baseline study characteristics per
weight change group (total n=1658, weight stable n=1075, weight
gain n=583). The mean age of the total study sample at baseline was
42.3 years (SD=13.0), 64.4% was female and the participants had
followed on average 12.5 years of education (SD=3.2). The weight
stable group contained relatively more healthy controls as opposed to
the weight gain group (Table 1). The mean BMI of the weight stable
group was 25.5 (SD =4.7), and they gained on average 0.3 kg (SD=2.1)
over 4-years. The weight gain group had a mean BMI of 24.8 (SD=5.0),
and gained on average 7.9 kg (SD=4.3).

3.1. Associations between depression and subsequent weight gain (c)

Compared to healthy controls, patients with a current depressive
disorder, but not those with a remitted depressive disorder, were

99

significantly more likely to gain > 5% of their body weight over a 4-
year period (Table 2). After adjustment for age, sex, years of education
and baseline weight, this association remained significant (odds ratio
(OR) 1.92, 95% confidence interval (CI) 1.48-2.50). Comparable
associations were found for depressive symptom severity and weight
change; after adjustment for confounding variables, there was a
significant relationship between higher depressive symptoms and 4-
year weight gain (OR 1.26, 95% CI 1.14-1.41).

3.2. Associations between depression and contributing variables (a)

Table 3, column I shows the associations between current MDD and
each of the included potential contributing variables. As expected,
almost all of the associations between MDD and the biopsychosocial
variables and baseline antidepressant use were significant. Those with a
current depressive disorder showed more and higher psychological
vulnerabilities (hopelessness, aggression, rumination, anxiety sensitiv-
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Table 2

Logistic regression analysis with Major Depressive Disorder (MDD; baseline) and
Inventory of Depressive Symptomatology (IDS; baseline) as independent variables and
4-year weight change categories (weight stable n=1075; weight gain n=583) as
dependent variable.

4-year Weight gain®

Crude OR (95% CI) Fully adjusted OR" (95% CI)

Analysis 1

Depression status
Healthy controls (N=473)
Remitted MDD (N=530)
Current MDD (N =655)

1.00 (reference)
1.10 (0.83-1.46)
1.92 (1.48-2.50)

1.00 (reference)
0.99 (0.76-1.30)
1.81 (1.41-2.33)

Analysis 2
Depression severity
IDS score®

1.24 (1.12-1.37) 1.26 (1.14-1.41)

Abbreviations: OR, odds ratio.
*p < 0.01.
** p < 0.001.
@ The reference category is weight stable.
b Adjusted for age, gender, years of education and baseline weight.
¢ Results are presented per standard deviation (SD) increase in IDS score.

ity and worry), smoked a higher number of cigarettes, showed a longer
basal PEP (indicative of decreased SNS activity), higher cortisol levels,
and higher baseline TCA, SSRI and other antidepressant derived daily
doses, as compared to healthy controls (column I, Table 3). They also

Table 3
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showed lower mastery, less alcohol intake and lower basal RSA
(indicative of decreased PNS activity). Findings were similar for
depressive symptom severity as independent variable, with addition
of associations with higher leptin levels and less physical activity
(column I, Supplementary Table 1), but now no associations with
cortisol levels were apparent.

3.3. Associations between contributing variables and subsequent weight
change (b)

From all the potential contributing variables investigated in the
study, only alcohol intake was significantly associated with weight
gain: those with higher alcohol intake were significantly less likely to
gain weight during a 4-year period (column II, Table 3; column II,
Supplementary Table 1). Contrary to our expectations, none of the
other potential contributing variables turned out to be significantly
associated with weight gain.

3.4. Role of contributing variables in the association between depression and
weight gain (¢’ and ax b)

The direct associations of current depressive disorder on 4-year
weight gain remained significant after adding all potential biopsycho-
social variables and baseline antidepressant use to the model separately
(column III, Table 3). The indirect associations of depression on weight
gain through these contributing variables was not significant in any of

Statistical mediation analyses with separate contributing variables between current Major Depressive Disorder (yes/no; T0) and weight gain (T0-T4) via standardized psychological,
lifestyle and biological variables (T0) controlling for TO weight based on 5000 bootstrap resamples (N=1128).

1. Association between MDD
and contributing variable (a)

Separate mediators

II. Association between
contributing variable and weight

IV. Indirect association between MDD and
weight gain (axb)

III. Direct association
between MDD and weight

B (SE) gain (b) gain (¢)
B (SE) B (SE) B (SE) 95% CI
Psychological vulnerabilities
(In) Hopelessness 1.38 (0.05) 0.11 (0.08) 0.48 (0.18) 0.16 (0.12) [-0.07; 0.38]
(In) Aggression 0.87 (0.06) 0.01 (0.07) 0.63 (0.15) 0.01 (0.06) [-0.11; 0.15]
Rumination 1.40 (0.05) —0.001 (0.08) 0.64 (0.18) —0.001 (0.12) [—0.24; 0.22]
(In) Anxiety Sensitivity 1.10 (0.05) 0.03 (0.07) 0.59 (0.16) 0.03 (0.08) [—-0.14; 0.21]
Worry 1.48 (0.05) —0.03 (0.09) 0.68 (0.19) —0.04 (0.13) [-0.30; 0.21]
Mastery —1.38 (0.05) —0.02 (0.08) 0.60 (0.18) 0.03 (0.01) [—0.20; 0.25]
Lifestyle factors
(In) Smoking 0.31 (0.06) 0.08 (0.07) 0.69 (0.14) 0.03 (0.02) [-0.01; 0.07]
(In) Alcohol use —0.18 (0.06) —0.17 (0.07) 0.60 (0.14) 0.01 (0.01) [0.01; 0.08]
(In) Physical activity —0.21 (0.06) 0.02 (0.07) 0.64 (0.14) 0.001( 0.01) [—0.02; 0.04]
Biological factors and physiological stress systems
Heart Rate —0.09 (0.06) —0.13 (0.07) 0.67 (0.14) 0.01 (0.01) [-0.002; 0.01]
(In) Respiratory Sinus —0.14 (0.05) 0.064 (0.06) 0.68 (0.14) —0.01 (0.01) [—0.04; 0.01]
Arrhythmia
Pre-Ejection Period 0.14 (0.06) 0.04 (0.07) 0.66 (0.14) 0.01 (0.01) [—0.01; 0.04]
(In)CRP 0.05 (0.06) —0.04 (0.07) 0.65 (0.14) —0.002 (0.01) [—0.02; 0.004]
(In) Interleukin-6 0.06 (0.06) 0.06 (0.07) 0.65 (0.14) 0.004 (0.01) [—-0.003; 0.03]
(In) TNF-a 0.01 (0.06) —0.03 (0.07) 0.67 (0.14) —0.003 (0.01) [-0.01; 0.01]
(In) Leptin —0.03 (0.04) —0.01 (0.11) 0.61 (0.14) 0.003 (0.01) [-0.01; 0.02]
AUCg (nmol/1/h) 0.20 (0.07) 0.08 (0.09) 0.44 (0.16) 0.02 (0.02) [-0.01; 0.06]
(In) Evening cortisol 0.21 (0.07) 0.04 (0.08) 0.52 (0.16) 0.01 (0.02) [-0.02; 0.05]
Psychiatric variables
TCA use (baseline) 0.13 (0.04) —0.25 (0.13) 0.68 (0.14) —0.03 (0.13) [—0.43; —0.003]
SSRI use (baseline) 0.66 (0.05) 0.01 (0.06) 0.64 (0.14) 0.01 (0.04) [-0.07; 0.09]
Other antidepressants use 0.40 (0.06) 0.06 (0.06) 0.63 (0.14) 0.03 (0.03) [—-0.02; 0.07]

(baseline)

Hopelessness, Aggression & Rumination subscales: Leiden Index of Depression Sensitivity-Revised; Anxiety sensitivity: Anxiety Sensitivity Index; Worry: Penn State Worry Questionnaire;
Mastery: Pearlin Mastery Scale; Smoking: numbers of cigarettes per day; Alcohol use: amount of drinks per week, sum score; Physical activity: total minutes per day; CRP, C-reactive
protein; TNF-a; Tumor necrosis factor alpha, AUCg: area under the morning curve with respect to the ground, TCA: Tricyclic antidepressants; SSRI: Selective serotonin reuptake

inhibitors; All antidepressant use: Derived Daily Dose.

Analyses are controlled for age, gender, years of education and baseline weight. In=natural logarithm transformation.

* p < 0.05.
** p < 0.01.
*5% b < 0.001.
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the models (column IV, Table 3), except for the model with alcohol
intake. Also, even though the direct association between TCA use and
weight gain (b-path) was not significant, the significant indirect effect
indicates a small negative effect of TCA use. Besides these two small
effects, the associations between current depressive disorder and
weight gain seems to be independent of almost all of the biopsychoso-
cial variables or baseline antidepressant use. These findings were
almost consistent in the models with depressive symptom severity
(column IIT and IV, Supplementary Table 1).

3.5. Depression course and treatment trajectory

Since, except alcohol intake and TCA use, none of the biopsycho-
social variables or baseline antidepressant use contributed to the
observed weight gain in depression, we decided on performing post-
hoc analyses to investigate whether then the change in depression and
treatment trajectories between baseline and 4-year follow up, as
opposed to baseline characteristics, could contribute to the depression
- weight gain association. To study whether depression course char-
acteristics could identify those individuals who showed more weight
gain, we included 4-year course of depressive symptom severity as
measured by the Life Chart Interview (LCI), which is described in more
detail elsewhere (Lyketsos et al., 1994; Beekman et al., 2002; Penninx
et al., 2011). We made three 4-year depression course categories
(healthy controls, baseline current MDD but no chronic course, baseline
current MDD with chronic course (> 80% of the time depressive
symptoms)). We also included 4-year change in antidepressant use,
with 5 categories (no antidepressant use because healthy control;
current patients with no antidepressant use over 4-year; started
antidepressant use; stopped antidepressant use; and continuous anti-
depressant use). Separate multinomial logistic regression analyses were
done with 4-year depression course, or change in antidepressant use
categories as independent variables, and 4-year weight gain as out-
come. The control group was used as reference category in both
analyses. Multinomial logistic regression analyses showed that both
MDD patients with and without a chronic course trajectory had a
significantly higher odds of gaining weight than healthy controls
(Table 4). In addition, compared to healthy controls, MDD patients
who never used antidepressants during 4-year follow-up, as well as
MDD patients who started using antidepressants at some point during 4-
year follow up, had a significantly higher odds of gaining weight
(Table 4). So, overall, also differences in course or treatment trajec-
tories did not further differentiate in weight gain patterns over time.

4. Discussion

In this large-scale, prospective cohort study, we found a robust
association of both current MDD as well as depressive symptoms with 4-
year weight gain. This association was almost independent of the large
range of psychological, lifestyle and biological variables and antide-
pressant use included in this study. Depressed participants showed
lower alcohol intake, and where thereby more likely to gain weight
over 4-year. Also, there seems to be a small indirect effect of TCA use,
causing a small reduction of the direct association between depression
and weight gain, although the effect has little overall impact. None of
the other nineteen potential contributing baseline variables had an
association with subsequent weight gain and therefore were not logical
contributing factors to the observed increased risk in weight gain
among depressed persons. The 4-year depressive symptoms or anti-
depressant use patterns did neither further differentiate the subsequent
4-year weight gain in depressed persons.

An explanation for not finding more significant contributing vari-
ables could be that there are other variables are involved, not tested in
this study due to absence of data. For example, research has suggested
that dietary intake and psychological eating styles can influence both
depression and weight change. Several studies showed associations
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Table 4

Logistic regression analysis with 4-year course trajectory of depression and antidepressant
use as independent variables and 4-year weight gain (weight stable n=686; weight gain
n=415) as outcome.

4-year Weight gain (> 5%)"

Crude OR (95% CI) Fully adjusted OR”

(95% CI)

Analysis 1° (N=1101)

Healthy controls 1.00 (reference) 1.00 (reference)
1.83 (1.39 — 2.42)

2.35 (1.56 — 3.55)

Current MDD, non-chronic
Current MDD, chronic

1.76 (1.35 — 2.29)
2.09 (1.41 — 3.10)

Analysis 2¢ (N=1277)
Healthy controls, no
antidepressant use
Current MDD, no antidepressant
use over 4-year
Current MDD, started
antidepressant use
Current MDD, stopped
antidepressant use
Current MDD, continuous
antidepressant use

1.00 (reference) 1.00 (reference)

1.94 (1.44-2.61) 2.02 (1.48-2.74)
2.36 (1.48-3.76) 2.50 (1.54-4.06)
1.40 (0.95-2.07) 1.43 (0.96-2.15)

1.23 (0.89-1.70) 1.41 (1.00-1.97)

Abbreviations: MDD, major depressive disorder; OR, odds ratio.

* p < 0.001.

@ The reference category is weight stable.

b Adjusted for age, gender, years of education and baseline weight.

¢ Chronic is defined as experiencing =80% of the time depressive symptoms over 4
years.

4 Change in antidepressant use over 4 years.

between elevated depressive symptoms and more emotional eating and
binge eating (Drapeau et al., 2003; Konttinen et al., 2010; Skinner et al.,
2012), as well as between MDD and binge eating disorder, and
unhealthy dietary patterns (Grilo et al., 2009; McNaughton et al.,
2007; Lai et al., 2014). Also, it can be possible that not general negative
thoughts, but only specific weight related negative thoughts are
contributing to weight gain in depression (Markowitz et al., 2008).
Alternatively, the comorbidity of depression and weight gain could be
caused by the same underlying variables, that we did not measure.
Several genes may be candidates for being an underlying variable, as
indicated by a recent large, genome-wide study (Hyde et al., 2016).
Results of this genome-wide study showed there to be evidence for
overlap between the genetic bases of depression and both overweight
and obesity.

Our results also show that the 4-year course of depression does not
predict the depression- weight gain association. Both the chronic and
the non-chronic group showed significant associations with weight
gain, the results do indicate that weight gain tended to be higher in the
chronic group, although this was not significant. Furthermore, both
patients who never used antidepressant medication during the 4-years
and patients who started using antidepressants had higher odds of
gaining weight compared to healthy controls. No association with
weight gain was found for patients who were on antidepressants during
the full four years. This would imply that the effect of antidepressant
treatment on weight as reported in prior trials may be a rather acute
short-term phenomenon, but is not visible over an extended period of
time. Indeed one review of Cassano and Fava (2004) found that when
looking at the relative long term (> 6 months) effects of SSRI's versus
placebo, patients who used SSRI's gained the same amount of body
weight as control groups. However, another systematic review found
effects of different types of antidepressants on weight gain both during
the acute face (=8 weeks) and on the longer term (Fava, 2000).
Alternatively, an earlier study of our group of Gibson-Smith et al.
(2016) found no independent 2-year effect of antidepressant use on



N.P.G. Paans et al.

weight gain after adding depression status to the analysis. More
research on the long term effects of antidepressant use over multiple
years is needed to draw firm conclusions.

The strengths of this study were the large dataset, and the fact that
we had detailed depression characteristics for our sample, including
DSM-based depression diagnosis as well as depressive symptom severity
measurements. Also weight was measured by a trained interviewer
rather than using self-reported weight, and we included a broad range
of potential contributing variables. However, some limitations should
be taken into account. First, we measured depression and biopsycho-
social variables both at baseline, since no data was available of all
biopsychosocial variables at a time point between baseline and out-
come. Thereby we did not truly analyze the temporal relationships
between depression, contributing variables and weight gain over time
(Kraemer et al., 2001). Second, no information was available on food
intake or psychological eating styles, while literature shows that these
variables are also associated with both depression and weight change.

This is the first large-scale cohort study that investigated the role of
a broad range of different psychological, lifestyle and biological
variables, psychiatric course and antidepressant use in the association
between depression and prospective weight change. We confirmed the
relationship of depressive disorder and depressive symptoms with 4-
year weight gain, and showed that this robust relationship was not
dependent of several biopsychosocial and antidepressant use variables,
with the exception of alcohol intake and TCA use. Depression course
trajectories and antidepressant medication use over the 4-year neither
did further differentiate weight gain in depressed persons. Further
research should focus on the question whether the depression - weight
gain association is caused by other underlying factors. Solving this
puzzle can have huge impact on the prevention of weight gain, and
subsequent weight-related diseases and disorders, in patients with
depression.
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