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Abstract

Objective: Depression and obesity are associated, but the impact of obesity on depression treatment outcome, or, conversely,

the impact of treatment on body mass index (BMI) in depressed adolescents has not been reported. In this article, we examine

the bidirectional relationships between BMI and treatment response in adolescents with treatment-resistant depression.

Method: Participants in the Treatment of Selective Serotonin Reuptake Inhibitor (SSRI) Resistant Depression in Adolescents

(TORDIA) study had height and weight assessed at baseline, weekly for the first 6 weeks, biweekly for the next 6 weeks, and

monthly from weeks 12 through 24. The impact of baseline BMI as a predictor and moderator of treatment response was

assessed. In addition, participants’ changes in BMI were assessed as a function of specific treatment assignment and treatment

response.

Results: Participants assigned to SSRIs had a greater increase in BMI-for-age-sex z-score and weight than did those assigned to

venlafaxine. Post-hoc, those treated with paroxetine or citalopram had the biggest increases in BMI, relative to fluoxetine or

venlafaxine. Overweight or obesity was neither a predictor nor a moderator of treatment outcome, nor of subsequent BMI change.

Conclusions: Overweight status does not appear to affect treatment response in adolescents with resistant depression. The

successful treatment of depression does not appear to favorably affect weight or BMI. Fluoxetine and venlafaxine are less

likely to cause an increase in BMI than paroxetine or citalopram.

Introduction

Obesity and depression are two of the leading public health

concerns (Simon et al. 2006). In the United States, 12–15% of

the adolescent population is categorized as obese (Richardson et al.

2006; Boutelle et al. 2010;), and up to 1 in 5 adolescents will have

experienced at least one major depressive episode by age 18 (Le-

winsohn et al. 1998).

Depression and obesity frequently co-occur, possibly because of

shared risk factors, such as early childhood adversity (Felitti et al.
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1998; Stunkard et al. 2003; McIntyre et al. 2012). Depression may

also lead to obesity, with the effect possibly more pronounced in

girls (Richardson et al. 2003). Body mass index (BMI) shows ac-

celerated growth after a depressive episode during adolescence

(Pine et al. 2001). This association might be explained by decreased

physical activity, increased appetite associated with depression, or

weight gain associated with side effects of medications used to treat

depression (Stunkard et al. 2003; Patten et al. 2009; Hasnain et al.

2012). Conversely, obesity may increase the risk for depression,

possibly mediated by body shape dissatisfaction, peer or parental

teasing, and decreased self-esteem, or because of incipient meta-

bolic syndrome (Young-Hyman et al. 2006; Libbey et al. 2008;

Wang et al. 2009; Bang et al. 2012; Hamer et al. 2012; Sanchez-

Villegas et al. 2013). However, some longitudinal studies do not

find that obesity predicts future depression (Gariepy et al. 2010).

Obesity and overweight may also affect treatment response. One

study examined adults with depression participating in phase II–IV

trials with selective serotonin reuptake inhibitors (SSRIs), and

found that obesity was associated with a less vigorous treatment

response, with the effect more pronounced in males (Khan et al.

2007). In the Munich Antidepressant Response Study (MARS),

higher BMI was associated with a slower clinical response as

well as a lower likelihood of normalization in tests of attention and

of cortisol dynamics (Kloiber et al. 2007). In the Genome Based

Therapeutic Drugs for Depression (GENDEP) study, obesity was

associated with a poorer response to nortriptyline in men and wo-

men, and a poorer response to escitalopram in women (Uher et al.

2009). The mechanisms to explain the association between treat-

ment resistance and higher BMI are not established, but might be

explained by shared risk factors such as early adversity, which have

shown to be associated with treatment resistance in depression

(Nanni et al. 2012). To the extent that treatment response is sen-

sitive to the blood concentration of antidepressants, obese patients

may be more likely to have an inadequate drug concentration,

which could in turn predict poor response (Hiemke 2008; Sakolsky

et al. 2011; Ostad Haji et al. 2012). Another possible explanation

for treatment resistance in obese patients is that the comorbid

medical conditions, such as sleep apnea, asthma, and metabolic

syndrome may lead to more severe depression and impairment, and

render patients less likely to respond to treatment (Chapman et al.

2005; Moussavi et al. 2007).

Although there have been some investigations of the impact of

treatment of depression on BMI, and, conversely, the impact of

BMI on treatment response, to our knowledge, these relationships

have never been studied in adolescents with depression. In one

placebo-controlled trial, depressed adolescents treated with fluox-

etine gained less weight and height than those randomized to pla-

cebo, but BMI was not reported (Nilsson et al. 2004). Given the

paucity of data about the bidirectional relationship between ado-

lescent depression treatment response and obesity, we endeavored

to test the following hypotheses in the Treatment of SSRI-Resistant

Depression in Adolescents (TORDIA) study: 1) A history of abuse,

greater duration of depression, and symptoms of increased appetite,

poor sleep, and decreased activity would be related to higher BMI

at baseline, and a greater increase in BMI over time; 2) higher BMI

would predict a poorer response overall and to citalopram and

fluoxetine, two agents for which there was a relationship between

drug concentration and outcome (Sakolsky et al. 2011); 3) those

who remitted would have a more favorable trajectory of BMI and

weight; and 4) participants treated with SSRIs, specifically parox-

etine, would show more weight gain than those treated with ven-

lafaxine.

Method

Design, methods, and results of treatment efficacy, as well as

predictors and moderators of response, in the Treatment of Re-

sistant Depression in Adolescence (TORDIA) study at 12 and 24

weeks, have been reported in detail in previous publications (Brent

et al. 2008; Asarnow et al. 2009; Emslie et al. 2010). In summary,

the TORDIA study was a six site randomized, controlled trial using

a 2 · 2 balanced factorial design (Brent et al. 2008). Participants

who did not respond to a previous adequate treatment trial for major

depressive disorder (MDD) or dysthymic disorder were randomly

assigned to switch either to an alternative SSRI (paroxetine, cita-

lopram, or fluoxetine) or to venlafaxine, a selective serotonin-

norepinephrine reuptake inhibitor (SNRI), with or without the

addition of cognitive behavior therapy (CBT). The study was ap-

proved by each site’s local institutional review board. All partici-

pants and their parents gave written informed assent/consent in

accordance with local institutional review board regulations.

Participants

Participants included 334 adolescents (ages 12–18 years) with

American Psychiatric Association, Diagnostic and Statistical

Manual of Mental Disorders, 4th ed. (DSM-IV) MDD or dysthymia

that persisted despite an adequate, 8 week treatment with an SSRI,

the last four of which were at a dosage equivalent of at least 40 mg

of fluoxetine (American Psychiatric Association 1994; Brent et al.

2008). Exclusion criteria included the following: Participants who

had two or more adequate trials of an SSRI or a history of nonre-

sponse to venlafaxine (‡4 weeks at a dosage of ‡150 mg) or CBT

(‡7 sessions). Participants taking antipsychotics, mood stabilizers,

or non-SSRI antidepressants were also excluded, with the excep-

tion of individuals receiving stable doses (‡12 weeks’ duration)

of stimulants, use of hypnotics (trazodone, zolpidem, zaleplon), or

anti-anxiety agents (clonazepam, lorazepam). Diagnoses of bipolar

spectrum disorder, psychosis, pervasive developmental disorder or

autism, eating disorders, substance abuse or dependence, or hy-

pertension (diastolic blood pressure ‡90) were also exclusionary

(Brent et al. 2008; Emslie et al. 2010).

Height and weight were collected weekly for the first 5 weeks,

biweekly from weeks 6–12, and monthly from weeks 12–24, for a

total of 12 measurements, using the same type of scale and stadio-

meter at each visit.

BMI, BMI-for-age-sex percentiles, and BMI-for-age-sex z-

scores (BMI-z) were calculated using a SAS program provided by

the Centers for Disease Control and Prevention (CDC) (Centers for

Disease Control and Prevention 2011). Percentiles are based on the

CDC Growth Reference Chart (Year 2000). Participants (see Fig. 1)

were classified as underweight (BMI < 5th percentile), normal

(5th £ BMI £ 85th percentile), overweight (85th < BMI £ 95th per-

centile) or obese (BMI > 95th percentile), based on accepted defi-

nitions (Krebs et al. 2007). Two hundred and eighty-three

participants had height and weight information at baseline and were

included in the BMI calculation; an additional 20 were included

whose data were missing at baseline but available at week 1. Thirty-

one participants were completely missing this information, and

were therefore excluded. Only seven participants were classified as

underweight at baseline; given the small size of this group, they

were excluded from the analyses. Their demographic and clinical

characteristics were similar to those of the 296 participants in-

cluded ( p’s > 0.06) except for lower parentally reported family

conflict (9.5 [SD = 6.0] vs. 13.0 [SD = 2.4], t = - 3.60, df = 8.07,

p = 0.007); their response rates did not differ ( p > 0.99), however
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they were less likely to be remitters (0.0% vs. 39.2%, Fisher’s exact

test, p = 0.046). Compared with the 38 excluded, the 296 partici-

pants included in this report had earlier age of onset of depressive

episode (13.8 [SD = 2.2] vs. 14.8 [SD = 1.9], t = 2.72, df = 324,

p = 0.007), less suicidal ideation (40.7 [SD = 21.9] vs. 48.8

[SD = 24.3], t = 2.04, df = 326, p = 0.04), and less hopelessness (10.3

[SD = 5.5] vs. 12.2 [SD = 6.2], t = 2.01, df = 325, p = 0.046). There

were no differences in the rates of response ( p = 0.47) or remission

( p = 0.78). They were of mid-adolescent age (mean age = 15.8

years [SD = 1.6]), with a majority of them being female (n = 207

[69.9%]) and Caucasian (n = 248 [83.8%]). One hundred and fifty

were randomized to an SSRI (paroxetine, n = 47; citalopram, n = 31;

fluoxetine, n = 72), and 146 to venlafaxine.

The mean number of available height and weight measurements

was 7.0 (SD = 3.9); the median was 8 (range 1–12). Once a par-

ticipant was determined to be a nonresponder, weight and height

were no longer recorded, which consisted of 51.7%, (n = 153) of the

sample in this report. Characteristics of those who had fewer than

the median number of BMI assessments were compared with those

with at least the median: there were no significant differences

between the groups on BMI (25.4 [SD = 6.7] vs. 26.0 [SD = 6.6],

t = - 0.75, df = 294, p = 0.46), but those with fewer than the median

number of height/weight assessments were older (16.1 years

[SD = 1.5] vs. 15.6 years [SD = 1.6], t = 2.85, df = 293.4, p = 0.005)

and had fewer MDD episodes (1.2 [SD = 0.5] vs. 1.4 [SD = 0.8],

t = - 2.95, df = 258.64, p = 0.003); they were also less likely to be

responders (39.9% vs. 56.2%, v2
1 = 7.91, p = 0.005). In addition,

they had characteristics related to nonresponse, that is, greater

impairment, (49.6 [SD = 7.5] vs. 51.7 [SD = 7.9], t = - 2.34,

df = 291.8, p = 0.02), higher family conflict (9.8 [SD = 6.6] vs. 8.1

[SD = 5.7], t = 2.34, df = 288, p = 0.02), and higher rates of previous

suicide attempts (28.7% vs. 18.4%, v2
1 = 4.32, p = 0.04) and non-

suicidal self-injury (NSSI) (45.0% vs. 29.1%, v2
1 = 7.86, p = 0.04)

(Asarnow et al. 2009). Change in BMI-z was not related to number

of assessments (number of assessments by time, z = - 0.21,

p = 0.84), meaning that the estimates of the change in BMI-z scores

was not affected by the number of assessments.

Response/remission

DSM-IV diagnoses were assessed at baseline, 12, and 24 weeks

using the Schedule for Affective Disorders and Schizophrenia for

School-Age Children–Present and Lifetime version criteria (K-

SADs-PL) (Kaufman et al. 1997; American Psychiatric Association

1994). The interviewer-rated Children’s Depression Rating Scale-

Revised (CDRS-R) was used to assess severity of depression at

baseline and weeks 6, 12, and 24 (Poznanski et al. 1985). Clinical

severity and improvement were rated using the Clinical Global Im-

pressions Severity (CGI-S) and Improvement (CGI-I) subscales,

respectively (Guy 1976). These diagnostic and global impression

ratings assessments were conducted by an independent evaluator

who was blind to treatment assignments. Response was defined as a

CGI-I score of £ 2 and an improvement in the CDRS-R score ‡ 50%.

Remission was defined as ‡ 3 consecutive weeks without clinically

significant depressive symptoms with a score of 1 on the Adolescent

Longitudinal Interval Follow-Up Evaluation (A-LIFE) (Keller et al.

1987). Physical and sexual abuse were recorded from the trauma

screen for posttraumatic stress disorder on the K-SADS-PL.

Self-reported measures

The Beck Depression Inventory (BDI) (Beck et al. 1988), Beck

Hopelessness Scale (BHS) (Beck et al. 1974), Suicidal Ideation

Questionnaire–Junior High School version (SIQ-Jr) (Reynolds and

Mazza 1999), and the Screen for Anxiety Related Disorders

(SCARED) (Birmaher et al. 1997) were used at baseline, 6, 12, and

24 weeks to assess self-reported depression, hopelessness, suicid-

ality, and anxiety symptoms respectively. Drug/alcohol use was

assessed using the Drug Use Screening Inventory (DUSI) (Kirisci

et al. 1995). Family conflict was assessed by the Conflict Behavior

Questionnaire, adolescent and parent versions (CBQ-A and CBQ-

P; Robin and Weiss 1980).

Medication blood levels

Plasma concentrations of study medication and metabolites were

measured at 6 weeks in 244 participants, 207 of whom had BMI

data. The geometric mean (GM) was used to evaluate the rela-

tionship between drug concentration and outcome as reported

previously in Sakolsky et al. (2011).

Statistical analysis

Participants were initially categorized into three groups: normal,

overweight, and obese, and differences in demographic, clinical, and

FIG. 1. Study flow of participants. Dashed boxes represent participants excluded from the analyses.
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treatment characteristics were compared using standard parametric or

nonparametric univariate statistics. Multinomial logistic regression

was then used to examine the most parsimonious set of variables that

differentiated among the three BMI classes. The rates of response and

remission were compared among the three groups using v2 statistics,

and then by logistic regression adjusting for covariates that differen-

tiated among the three groups. To test for possible differential response

of treatment as a function of BMI, a logistic regression was conducted

testing for the effects of treatment, BMI category, and their interaction

on treatment response. Conversely, to examine the impact of treatment

on BMI, we examined the change in BMI-z as a function of response

and remission, as well as the differential impact of treatment on change

in BMI using random mixed effects regression. We also examined

the impact of BMI on treatment outcome using scalar outcomes, with

the CDRS-R and BDI, using general linear mixed models. Because

findings for remission, response, and dimensional outcomes were

similar, we only report on the results using remission as an outcome.

We set the overall a value at 0.05, with the value for post-hoc pairwise

comparisons between pairs of BMI classes at a = 0.05/3 = 0.017.

Results

Prevalence of overweight and obesity

At baseline, slightly more than half (54.5%) of the participants

were classified as normal, 48 (15.8%) were overweight, and 90

were obese (29.7%). Weight class membership was stable across

time points; 90.5% of participants maintained assignment between

baseline and week 12 (j = 0.90, 95% confidence interval [CI]:

0.85–0.95); 84.0% maintained assignment between baseline and

week 24 (j = 0.82, 95% CI: 0.75–0.89).

Initial analysis of demographic and clinical correlates
of overweight and obesity

Among the BMI groups, there were no differences with respect

to sex (v2
2 = 1.21, p = 0.55), or race (v2

2 = 1.23, p = 0.54), but there

were group differences for baseline age (F(2, 293) = 6.16,

p = 0.002). Post-hoc contrasts showed that those in the obese group

(15.4 years [SD = 1.5]) were younger than those in the normal

weight group (16.0 years [SD = 1.5], p = 0.008) or overweight group

(16.2 years [SD = 1.7], p = 0.009) (Table 1).

Specific depressive symptoms at baseline (difficulty having fun,

social withdrawal, sleep disturbance, appetite disturbance, and

excessive fatigue) were not associated with BMI class ( p’s > 0.18).

The only other clinical correlate of BMI class was impairment

related to drug and alcohol use on the DUSI (Kruskal-Wallis

v2
2 = 9.37, p = 0.009) with pairwise contrasts indicating more se-

verity in the normal weight than in the obese group (13.1

[SD = 19.6] vs. 6.5 [SD = 14.5], p = 0.004).This result persisted af-

ter controlling for baseline age (relative risk ratio [RRR] = 0.98,

95% CI: 0.96–1.00, z = - 2.19, p = 0.03). However, other clinical

Table 1. Demographic and Clinical Characteristics by BMI Group

Normal Overweight Obese
(n = 158) (n = 48) (n = 90) Test df p

Demographics
Age at baseline 16.0 – 1.5a 16.2 – 1.7a 15.4 – 1.5b F = 6.16 2, 293 0.002
Sex (n, % male) 45 (28.5%) 13 (27.1%) 31 (34.4%) v2 = 1.21 2 0.55
Race (n, % Caucasian) 128 (81.6%) 42 (87.5%) 77 (85.6%) v2 = 1.23 2 0.54

Depression
Number of MDD episodes 1.3 – 0.6 1.3 – 0.7 1.4 – 0.6 F = 0.26 2, 286 0.77
Duration of depression (months) 21.9 – 19.8 28.6 – 25.4 22.2 – 20.1 F = 1.94 2, 287 0.15
CDRS-R 58.4 – 10.4 59.4 – 10.7 59.8 – 10.0 F = 0.55 2, 293 0.58
BDI 20.3 – 11.6 20.6 – 12.2 20.4 – 12.6 F = 0.01 2, 291 0.99
Age at onset of current MDD 14.1 – 2.1a 13.6 – 2.6ab 13.4 – 2.2b F = 2.88 2, 287 0.06
Chronic depression (n, % Yes) 91 (58.7) 27(57.4) 49 (54.4) v2 = 0.43 2 0.81

Comorbidity
SCARED 30.1 – 16.4 29.5 – 15.2 29.6 – 14.7 F = 0.06 2, 289 0.95
History of PTSD (n, % Yes) 13 (8.3) 4 (8.3) 5 (5.6) FET - 0.79
History of abuse (n, % Yes) 43 (28.1)a 13 (28.3)ab 12 (13.6)b v2 = 7.10 2 0.03
BHS 10.1 – 5.2 10.5 – 5.9 10.6 – 5.8 F = 0.32 2, 286 0.73

Functional status/Severity
CGAS 50.6 – 7.8 50.9 – 8.8 50.6 – 7.2 F = 0.03 2, 291 0.98
CGI-S 4.5 – 0.7 4.5 – 0.7 4.4 – 0.6 F = 0.51 2, 292 0.60
SIQ-Jr 40.9 – 21.5 41.2 – 23.7 40.2 – 22.0 F = 0.04 2, 289 0.96

Drug use
Drug use (n, % Yes) 86 (55.1) 25 (52.1) 46 (51.7) v2 = 0.32 2 0.85
Drug severity 13.1 – 19.6a 10.6 – 20.1ab 6.5 – 14.5b KWv2 = 9.37 2 0.009

Family conflict
CBQ-A 9.4 – 6.3 7.7 – 5.6 8.5 – 6.3 F = 1.59 2, 287 0.21
CBQ-P 9.7 – 6.1 8.7 – 6.4 9.6 – 5.9 F = 0.46 2, 279 0.63

Data are mean – SD unless otherwise indicated.
Items with different superscripts are significantly different at a < 0.017
BMI, body mass index; MDD, Major depressive disorder; PTSD, posttraumatic stress disorder; FET, Fisher’s exact test; CDRS, Children’s Depression

Rating Scale (Poznanski et al, 1985); BDI, Beck Depression Inventory (Beck et al. 1988); SCARED, Self-Report for Childhood Anxiety Related
Disorders (Birmaher et al. 1997); BHS, Beck Hopelessness Scale (Beck et al. 1974); CGAS, Children’s Global Assessment Scale (Shaffer et al. 1983);
CGI-S, Clinical Global Impressions-Severity subscale (Guy 1976); SIQ-Jr, Suicidal Ideation Questionnaire Junior High School version (Reynolds and
Mazza 1999); CBQ-A, Conflict Behavior Questionnaire - Adolescent (Robin and Weiss 1980); CBQ-P, Conflict Behavior Questionnaire - Parent (Robin
and Weiss 1980); KW: Kruskal-Wallis test.
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characteristics, such as duration of depression, number of episodes,

and severity of depression (assessed via the CDRS-R) did not differ

among the groups. There were group differences with respect to a

history of abuse (v2
2 = 7.10, p = 0.03), with the normal weight group

showing higher rates compared with the obese group (28.1% vs.

13.6%, p = 0.001).

Multinomial logistic regression confirmed younger age

(RRR = 0.80, 95% CI: 0.66–0.94, z = - 2.58, p = 0.01), lower al-

cohol and drug related impairment (RRR = 0.98, 95% CI: 0.96–

1.00, z = - 2.09, p = 0.04), and history of abuse (RRR = 0.46, 95%

CI: 0.22–0.94, z = - 2.13, p = 0.03) as the most parsimonious set of

correlates of obese as compared with the normal weight class. No

correlates were significantly associated with normal weight com-

pared with overweight ( p’s > 0.21).

We also examined baseline correlates of change in BMI-z from

intake to 24 weeks. Neither history of abuse, severity of depres-

sion (CDRS-R) nor age of onset of the depression significantly

predicted growth in BMI-z ( p’s > 0.32). Baseline age and number

of MDD episodes were related to change in BMI-z (b = 0.01,

standard error [SE] = 0.004, z = 2.85, p = 0.004 and b = - 0.03,

SE = 0.009, z = - 3.28, p = 0.001 respectively).Among the symp-

toms of depression, there were no significant relationships be-

tween BMI-z growth and either fatigue, social withdrawal,

increased appetite, or sleep disturbance (symptom by time inter-

actions, p’s > 0.08). Similarly, baseline BMI, whether assessed

continuously, or by weight category, was not related to BMI

change over time ( p’s > 0.08).

Treatment outcome by baseline BMI group

With respect to treatment course, rates of remission at 24 weeks

were unrelated to BMI group both in univariate analyses (normal

[38.0%], overweight [43.8%], obese [38.9%]; v2
2 = 0.52, p = 0.77),

and after adjustment for baseline differences in age and drug and

alcohol-related impairment (overweight vs. normal: odds ratio

[OR] = 1.15, 95% CI: 0.58–2.27, z = 0.39, p = 0.70; obese vs. nor-

mal: OR = 0.88, 95% CI: 0.50–1.55, z = - 0.45, p = 0.65). We then

tested whether BMI group moderated treatment outcome, by re-

running the above analyses and also including medication and CBT

terms, as well as interactions between BMI group and treatment

type, and found no moderating effect of either medication

( p = 0.82) or CBT ( p = 0.64) on remission. These findings persisted

when testing for moderation using the BMI-z score as a continuous

measure, as compared with using categorical measures of BMI

class ( p’s > 0.73).

Mixed effects regressions were performed to determine if

CDRS-R and BDI trajectories across 24 weeks differed among

baseline BMI groups. The models included BMI group, time, and

group by time interaction; whereas the effect of time was significant

in both models (CDRS-R: b = - 7.97, SE = 0.35, z = - 22.93,

p < 0.001. BDI: b = - 3.55, SE = 0.27, z = - 13.31, p < 0.001),

there were no group by time interactions ( p’s = 0.77 and 0.49

respectively).

In the subgroup (n = 203), for whom serum drug concentration

results were available, we found an association between baseline

BMI status and serum drug level ( p < 0.001) (Sakolsky et al., 2011).

Post-hoc pairwise comparisons showed that 69.1% of participants

in the normal group versus 37.7% of participants in the obese group

had week 6 serum levels at or above the geometric mean

(v2
1 = 15.86, p < 0.001). Because we had previously found that

treatment response was related to drug concentration and dosage in

those treated with either citalopram or fluoxetine, we repeated these

analyses in those treated with these two agents only, and also

stratified these analyses by dosage, and still found no relationship

between BMI class and outcome ( p’s > 0.16) (Sakolsky et al.

2011).

BMI change as a function of treatment

Participants gained an average of 1.87 kg (SD = 3.76, medi-

an = 1.82, % change = 2.69, 95% CI: 1.79–3.60) over 24 weeks,

with corresponding change in BMI-z of 0.02 (SD = 0.30, medi-

an = 0.01). Significant weight gain (>7%) was experienced by

20.6% of the sample (SSRI: 23.0%, venlafaxine: 18.6%, v2
1 = 0.38,

p = 0.54) (Table 2). The differential impact of medication type,

CBT, and their interaction on BMI-z was examined using mixed

effects regression. In these models, we controlled for baseline age

and number of MDD episodes, because these variables were as-

sociated with change in BMI-z. There was no effect of CBT

( p = 0.75), but those who received an SSRI demonstrated a greater

increase in BMI-z than did those given venlafaxine (b = - 0.03,

standard error [SE] = 0.01, z = - 2.45, p = 0.01), with a weight gain

of 2.34 kg (SD = 3.97, median = 2.27, % change = 3.33, 95% CI:

1.90–4.76) in those treated with SSRIs versus 1.45 kg (SD = 3.53,

median = 0.91, % change = 2.13, 95% CI: 0.97–3.29) in those

treated with venlafaxine and a corresponding mean change in BMI-

z of 0.08 (SD = 0.35, median = 0.06) for SSRI, and - 0.02

(SD = 0.24, median = - 0.02) for venlafaxine. We compared BMI-z

changes among the three SSRIs. There was a group by time inter-

action ( p = 0.01). This effect was driven by an increase in BMI-z in

those treated with paroxetine (b = 0.05, SE = 0.02, z = 2.31,

p = 0.02) and citalopram (b = 0.06, SE = 0.02, z = 2.68, p = 0.007) as

compared with those treated with fluoxetine. The corresponding

change in weight was 2.82 kg (SD = 4.90, median = 3.86, % change:

4.21, 95% CI: 0.16–8.26) for paroxetine; 4.66 kg (SD = 3.97, me-

dian = 4.09, % change: 6.83, 95% CI: 3.86–9.80) for citalopram,

and 1.05 kg (SD = 2.98, median = 1.82, % change: 1.31, 95% CI:

- 0.16–2.77) for fluoxetine. Also, the course of BMI-z in those

treated with fluoxetine was not different than for those treated with

venlafaxine ( p = 0.88).

Participants were allowed to enter the TORDIA study on a stable

dose of stimulants (n = 36, 10.9%). There was no difference in the

change in BMI-z from baseline to 24 weeks between those treated

with stimulants versus those not treated with stimulants ( p = 0.99).

We found no effect of SSRI versus venlafaxine on height over

the course of the study (medication by time interaction, b = 0.13,

SE = 0.13, z = 1.04, p = 0.30), and no change by type of SSRI (SSRI

by time interaction, p = 0.64; paroxetine vs. fluoxetine, b = 0.17,

SE = 0.19, z = 0.85, p = 0.39; citalopram vs. fluoxetine, b = - 0.02,

SE = 0.21, z = - 0.07, p = 0.94).

BMI change as a function of previous medication
assignment

All participants in this study had been taking an SSRI prior to

entry into the study. It is possible that the type of SSRI they were

taking prior to entry into the study may have influenced their

change in weight and BMI subsequent to a medication change. For

example, the weight gain observed with paroxetine or citalopram

could be explained in part as a return to the participants’ pretreat-

ment weight, after experiencing weight loss on fluoxetine. Con-

versely, the smaller amount of weight gain observed in those

assigned to fluoxetine and venlafaxine in the trial could also have

been influenced by weight loss after having been on citalopram,

escitalopram, or paroxetine.
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Therefore, we examined the course of BMI-z as a function of

previous medication. Participants’ previous medications were flu-

oxetine (n = 92), paroxetine (n = 41), sertraline (n = 76), or escita-

lopram/citalopram (N = 84); only three were taking fluvoxamine;

therefore, these participants were not included in these analyses.

We conducted a mixed-effects regression analysis with three

dummy variables (paroxetine, sertraline, and fluoxetine) relative to

citalopram/escitalopram, time, and their interaction, and found an

overall previous treatment by time interaction (v2
3 = 12.57,

p = 0.006), driven by a greater BMI-z growth in those previously

treated with fluoxetine versus those previously taking citalopram/

escitalopram (b = 0.05, SE = 0.02, z = 3.12, p = 0.002), and by a

trend in those previously treated with fluoxetine versus those pre-

viously taking sertraline (b = 0.03, SE = 0.02, z = 1.94, p = 0.053).

We then examined previous medication effect stratified by partic-

ipant current assignment (i.e., citalopram, paroxetine, fluoxetine, or

venlafaxine) and found a statistically significant relationship only

in those randomized to venlafaxine (v2
3 = 9.96, p = 0.02), again

driven by the contrast of fluoxetine versus citalopram/escitalopram

(b = 0.07, SE = 0.02, z = 3.15, p = 0.002). In other words, previous

treatment appeared to make a difference only in those who were

randomized to venlafaxine; those switched from fluoxetine to

venlafaxine showed a greater growth in BMI-z than did those

switched from citalopram/escitalopram. In clinical terms, those

venlafaxine-assigned participants switched from fluoxetine, com-

pared with those switched from citalopram/escitalopram, had a

greater growth in BMI-z (0.06 [SD = 0.22] vs. - 0.10 [SD = 0.22]),

and gained more weight (2.32 kg [SD = 2.90] vs. - 0.16kg

[SD = 3.47]).

BMI change as a function of remission

Mixed-effects regressions compared the change in BMI-z over

time in those who responded or remitted versus those who did not;

in these models we controlled for baseline age and number of MDD

episodes. Change in BMI-z was unrelated to treatment response at

12 weeks (b = 0.02 , SE = 0.01, z = 1.38, p = 0.17) or remission at 24

weeks (b = - 0.004, SE = 0.01, z = - 0.34, p = 0.74).

Discussion

In our sample of treatment-resistant depression, nearly 30%

were classified as obese, which is double the prevalence in the

general population. An early age of onset of depression was asso-

ciated with a greater risk of obesity. BMI category was not pre-

dictive of treatment outcome, nor did it moderate treatment

response. Conversely, the achievement of response or remission did

not affect change in weight or BMI. However, there was a greater

increase in BMI and weight in those treated with SSRIs as com-

pared with those treated with venlafaxine. Post-hoc, these findings

appear to have been driven by an increase in weight and BMI found

in those treated with paroxetine or citalopram, relative to fluoxe-

tine. Before placing these findings in the context of the extant

literature, we first review the strengths and limitations of this study.

This study is relatively unique, insofar as there are no head-to-

head comparisons of active treatments for adolescent depression

that have examined changes in weight or BMI. One important

limitation is that we do not have prior growth curve data, so that we

cannot determine if the change in weight or BMI that occurred in

this sample was a true change resulting from treatment, or a con-

tinuation of the baseline trajectory of weight change. The lack of a

placebo condition makes it impossible to compare the natural

change in weight over this period of time to any of our treatment
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conditions. Other limitations include the relatively short follow-up

time, limited power to test within-SSRI differences in BMI change,

and the post-hoc nature of the analyses. Wheras a post-hoc ap-

proach can be justified in a hypothesis-generating study, no cor-

rections were made for the number of contrasts conducted, and as a

result, these findings should be regarded cautiously. The number of

contrasts may be the best explanation from some counterintuitive

findings such as finding that both a history of abuse and of alcohol

and substance use were less common in obese than normal weight

individuals, counter to the literature (Felitti et al. 1998; Goldstein

et al., 2008; McIntyre et al. 2012). Another limitation is that data

were not gathered after a participant was determined to be a non-

responder, resulting in few data points for nonresponders compared

with responders. However, we did not find a difference in the

change in BMI as a function of either response or the number of

assessments of height and weight; therefore, this is not likely to

have biased the results. Finally, as this sample was a treatment-

resistant group, many of whom had a history of chronic depression,

these results cannot be generalized to acutely depressed adolescents

being treated for the first time.

The high rate of obesity in this sample is likely related to the

reported co-occurrence of depression and obesity. Supportive, al-

though not proof-positive of a causal relationship between de-

pression and obesity, is that the obese youth in this study were

younger, and had an earlier initial occurrence of a depressive dis-

order. This suggests that earlier onset of depression may be a par-

ticularly salient risk factor for the development of obesity. This

finding, coupled with other longitudinal studies that point to greater

growth of BMI in those with depressive symptoms, indicates that

early intervention for these youth are paramount to prevent the

persistence of obesity into adulthood (Pine et al. 2001; Richardson

et al. 2003). Some have reported greater increase in weight in an-

tidepressant-treated patients who are of normal weight compared

with those who are obese (Orzack et al. 1990), although we did not

find that.

In this study, both citalopram and paroxetine were associated

with significant weight increases, whereas venlafaxine and fluox-

etine were not. The magnitude of weight increase, 2.8 and 4.7 kg for

paroxetine and citalopram, respectively, is much larger than has

been reported in previous adolescent depression trials. In an acute

study of escitalopram, Emslie et al. (2009) found that both those on

drug and on placebo gained on average 0.55 kg, whereas in an acute

trial of sertraline in depressed children and adolescents, those

treated with sertraline lost 0.23 kg, whereas those treated with

placebo gained 0.78 kg (Wagner et al. 2006). Consistent with our

findings, Nilsson et al. (2004) found relatively little change in

weight on those treated with fluoxetine, with a smaller increase in

both weight and height than in those treated with placebo: Height

(fluoxetine, 1.0 cm [SD = 2.4] vs. placebo, 2.1 cm [SD = 2.6];

p = 0.004) and weight (fluoxetine, 1.2 kg [SD = 2.7] vs. placebo, 2.3

kg [SD = 2.6]; p = 0.008). However, the change in BMI-z, even in

the citalopram/escitalopram group of 0.06 in 6 months, was modest

compared with a change of 0.61 in the BMI-z in pediatric patients

treated for nearly 2 years with risperidone (Calarge et al. 2012).

The difference in weight gain in our study versus these other

studies may be explained by two factors: Our observation took

place over a 24 week period rather than from 8 to 12 weeks, and this

sample was treatment resistant and chronically depressed. Never-

theless, these findings suggest that, in treatment resistant, and

probably all depressed youth, weight and BMI should be routinely

monitored, and that in overweight youth, fluoxetine may be an

agent associated with less weight gain. The association of parox-

etine with weight gain is well established in the adult literature,

although there is also evidence of an association of weight gain with

the use of other antidepressants as well (Fava et al. 2000; Patten

et al. 2009; Serretti and Mandelli 2010). Remarkably, none of the

other child and adolescent clinical trials of the treatment of de-

pression reported actual weight changes (Emslie et al. 1997; Keller

et al. 2001; March et al. 2004; Emslie et al. 2006; Wagner et al.

2006).

One possibility we considered was that the weight changes that

we saw on a given medication were more of a ‘‘rebound,’’ back to

baseline, as compared with actual new weight gain. This turned out

only to be the case in those who were treated with venlafaxine, who

gained more weight if they had previously been treated with flu-

oxetine than if they had previously been treated with citalopram/

escitalopram. This finding, however, is also consistent with the

view that citalopram/escitalopram is associated with more weight

gain than is fluoxetine.

Unlike some studies in adults, we did not find that higher BMI

predicted a poorer response to antidepressants (Khan et al. 2007;

Kloiber et al. 2007; Uher et al. 2009). In our protocol, we allowed

for a dose increase, which may have prevented some participants

with a larger volume of distribution caused by a higher BMI from

having inadequate exposure to antidepressant. In fact, a lower

geometric mean drug concentration was found in those with higher

BMI. However, the absence of an association between BMI and

medication treatment outcome in our sample may also be explained

by the broad range of drug concentration values associated with an

acceptable level of serotonin transport binding and treatment re-

sponse (Meyer et al. 2004; Sakolsky et al. 2011). Given the asso-

ciation between obesity and lower drug concentration, and between

lower drug concentration and outcome, further attention to the role

of obesity in antidepressant response in adolescents is warranted

despite these negative findings.

Conclusions

Our findings indicate that the treatment of depression is not

sufficient to reverse obesity, as those youth whose depression re-

mitted did not show a more favorable weight or BMI trajectory over

24 weeks. Therefore, although obese adolescent patients with

depression may respond as well as nonobese patients to evidence-

based treatments for depression, treatment of obesity requires

additional interventions. However, feasibility studies in adoles-

cents and adults suggest that aerobic exercise may be considered as

either a stand-alone or an augmentation treatment for depression

(Trivedi et al 2006; Dopp et al. 2012; Rimer et al.2012). Clinical

trials in overweight and obese adolescents have shown that aerobic

exercise, in addition to contributing to weight loss, also reduces

depressive symptomatology, even in those with clinically signifi-

cant depressive self-reported symptoms (Daley et al. 2006; Petty

et al. 2009). A focus on increasing aerobic exercise could easily be

incorporated into the behavior activation component of CBT.

Clinical Significance

In conclusion, we find that there is no short-term impact of re-

mission of depression on BMI, nor of BMI on treatment response.

This, in turn, suggests that one cannot assume that addressing

weight problems will relieve depression or vice versa, but rather

that each problem requires its own targeted intervention. It may be

that depression may moderate the response to a weight reduction

intervention, but as none was routinely offered in this study, we

cannot comment on that possibility (Katon 2011). One clinically
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relevant finding was that increase in BMI and weight gain was

greater in those treated with SSRIs, particularly paroxetine and

citalopram, compared with those treated with either venlafaxine or

fluoxetine. Therefore, fluoxetine may be preferable to citalopram,

for example, in patients who are overweight, and conversely, pa-

tients treated with citalopram should have their weight and BMI

carefully monitored. Given the high comorbidity between adoles-

cent depression and obesity, clinicians treating adolescent depres-

sion should also assess BMI and collaborate with other healthcare

professionals to insure optimal health and development for their

depressed adolescent patients.
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