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Objective—Examine the effects of obesity and metabolic syndrome on outcome in bipolar 

disorder.

Method—The Comparative Effectiveness of a Second Generation Antipsychotic Mood Stabilizer 

and a Classic Mood Stabilizer for Bipolar Disorder (Bipolar CHOICE) study randomized 482 

participants with bipolar disorder in a six-month trial comparing lithium- and quetiapine-based 

treatment. Baseline variables were compared between groups with and without obesity, with and 

without abdominal obesity, and with and without metabolic syndrome, respectively. The effects of 

baseline obesity, abdominal obesity, and metabolic syndrome on outcomes were examined using 

mixed effects linear regression models.

Results—At baseline, 44.4% of participants had obesity, 48.0% had abdominal obesity, and 

27.3% had metabolic syndrome; neither obesity, nor abdominal obesity, nor metabolic syndrome 

were associated with increased global severity, mood symptoms, or suicidality, or with poorer 

functioning or life satisfaction. Treatment groups did not differ on prevalence of obesity, 

abdominal obesity, or metabolic syndrome. By contrast, among the entire cohort, obesity was 

associated with less global improvement and less improvement in total mood and depressive 

symptoms, suicidality, functioning, and life satisfaction after six months of treatment. Abdominal 

obesity was associated with similar findings. Metabolic syndrome had no effect on outcome.

Conclusion—Obesity and abdominal obesity, but not metabolic syndrome, were associated with 

less improvement after six months of lithium- or quetiapine-based treatment.
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Introduction

Bipolar disorder is associated with increased rates of obesity, including abdominal obesity 

(1–3), as well as metabolic syndrome (4, 5), of which abdominal obesity is the most 

common component (6). Indeed, obesity may predict a bipolar diagnosis among patients 

with major depressive episodes (7), and obesity-related medical conditions (e.g., circulatory 

disorders) contribute to the premature mortality of people with bipolar disorder (8). 

Moreover, many, though not all (9–11), studies suggest obesity in bipolar disorder is 

associated with greater psychiatric illness burden (1–3, 12–20). However, most of this work 

has been cross-sectional, and results of prospective studies exploring the effect of obesity on 

illness outcome in bipolar disorder are mixed.

In the Maintenance Therapies for Bipolar Disorder protocol (12), obese patients receiving 

lithium-based maintenance treatment had shorter euthymic periods and more frequent 

depressive relapses compared to non-obese patients. In the Treatment of Early Age Mania 

(TEAM) study, obesity was associated with poorer response to risperidone relative to lithium 

(21). By contrast, in an open-label investigation of ziprasidone, obese patients, compared 

with non-obese patients, had a lower discontinuation rate and more weight loss (22). Finally, 

in a longitudinal analysis of individuals with bipolar disorder who completed waves 1 and 2 

of the National Epidemiologic Survey on Alcohol and Related Conditions (which were 3 

years apart), obese individuals in wave 1 were more likely to have developed major 
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depressive episodes in wave 2, but this finding was explained by baseline demographic 

variables (11). The two prospective studies that evaluated metabolic syndrome found it had 

no effects on treatment response (23, 24).

Aims of the study

The aims of the present study were to prospectively assess the effects of two measures of 

adiposity and of metabolic syndrome on treatment outcome in a large, heterogeneous sample 

of individuals with bipolar disorder in a comparative effectiveness study. We hypothesized 

that increased adiposity and presence of metabolic syndrome at baseline would predict 

poorer six-month outcome.

Material and methods

Procedure

The Comparative Effectiveness of a Second Generation Antipsychotic Mood Stabilizer and a 

Classic Mood Stabilizer for Bipolar Disorder (Bipolar CHOICE) study (25–27) was a six-

month, multi-site, randomized pragmatic trial comparing a classic mood stabilizer, lithium, 

to an antipsychotic commonly used to treat bipolar disorder, quetiapine. Study rationale, 

design, methods, and results have been reported previously (25–27). Study physicians were 

able to prescribe additional medications as needed as long as it was consistent with 

guidelines used to treat bipolar disorder and personalized to the clinical needs of the patient 

(adjunctive personalized therapy [APT]) (28). The present study examined the effect of 

baseline anthropometric measures and presence of metabolic syndrome on outcome 

measures of global illness severity, mood symptoms, suicidality, functioning, and quality of 

life after six months of prospective treatment.

Participants

The Bipolar CHOICE study enrolled 482 individuals across 11 sites aged 18–68 years 

between 2011 and 2012 (26, 27). Participants were required to have a DSM-IV TR diagnosis 

of bipolar I or II disorder (determined using an electronic version of the Extended Mini-

International Neuropsychiatric Interview [MINI]) (29) and to be at least mildly symptomatic 

(defined as a Clinical Global Impression Severity Scale for Bipolar Disorder [CGI-BP 

Severity] ≥3) (30).The MINI was also used to assess comorbid psychiatric pathology (e.g., 

anxiety disorders and binge eating). Exclusion criteria were limited to maximize 

generalizabilty, but included history of nonresponse or intolerable side effects with lithium 

or quetiapine, and substance dependence within the past 30 days. Participants were 

randomized to lithium plus APT or quetiapine plus APT. The Institutional Review Boards of 

the 11 study sites approved the study protocol. All participants provided written informed 

consent before completion of any study procedures.

Global illness severity was assessed with the CGI-BP Severity (30), and mood symptom 

severity and suicidality were assessed with the Bipolar Inventory of Symptoms Scale (BISS) 

(31, 32). Functional impairment was measured with the LIFE-Range of Impaired 

Functioning Tool (LIFE-RIFT) (33). Life satisfaction was assessed with the self-report 

Quality-of-Life Enjoyment and Satisfaction Questionnaire (Q-LES-Q) (34).

McElroy et al. Page 3

Acta Psychiatr Scand. Author manuscript; available in PMC 2016 December 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Weight, height, waist circumference, vital signs, and fasting lipid and glucose levels were 

obtained at baseline. Adiposity definitions were based on those recommended by the 

National Institute of Health, the National Heart, Lung, and Blood Institute, and The Obesity 

Society (35, 36). Obesity was defined as a body mass index (BMI) ≥ 30 kg/m2 and 

abdominal obesity was defined a waist circumference ≥ 102 cm for men or ≥88 cm for 

women. Presence of metabolic syndrome was assessed using National Cholesterol Education 

Program (NCEP) criteria (37). Baseline psychotropic medications were recorded; those 

defined as causing weight gain were amitriptyline, aripiprazole, clomipramine, clozapine, 

doxepin, imipramine, lithium, mirtazapine, olanzapine, quetiapine, risperidone, and 

valproate (27).

Statistical Analyses

We calculated summary statistics of baseline demographic and clinical variables including 

adiposity measures and metabolic syndrome. We used chi-square tests to confirm that 

prevalence of obesity, abdominal obesity, and metabolic syndrome were not different 

between the two randomized treatment groups; similarly, we used a t-test to determine 

whether mean BMI differed between treatment groups. To examine baseline demographic 

and clinical differences between patients with and without obesity, patients with and without 

abdominal obesity, and patients with and without metabolic syndrome, we used t-tests for 

continuous variables and chi-square tests for categorical variables.

To examine whether baseline obesity predicted worse outcomes over the study, we employed 

mixed effects linear regression models with random intercepts and slopes and fixed effects 

for baseline obesity status, time, study site, and the obesity-by-time interaction. First, we 

tested whether the effect of baseline obesity on outcome was different between randomized 

treatment groups. If the difference was non-significant, we pooled the two treatment groups 

and examined the overall effect of obesity on outcome. For those outcomes measured at each 

study visit, we used the natural logarithm of time (log-time), since this fit the data much 

better. Using these models, we calculated the difference in 6-month change of each outcome 

between obesity groups. Similar mixed effects models were fit to examine the effects of 

baseline abdominal obesity, baseline metabolic syndrome, and baseline BMI on the various 

outcomes.

Because of the potential for residual confounding, statistically significant results and 

clinically relevant variables were subjected to additional analyses that compared treatment 

outcomes in obese versus non-obese patients. We applied stabilized inverse probability 

weighting (sIPW) to the baseline cohort to estimate the conditional probability of being 

obese (38). In other words, each observation was weighted by the inverse of the probability 

of being obese conditional on potential confounding factors. Stabilized weights were then 

calculated by using the marginal probability of being obese as the numerator, and the 

conditional probability as the denominator. We considered age, race, gender, current anxiety 

disorder, marital status, history of binge eating, and currently receiving any weight-gain 

medications as potential confounders. Summary statistics for weights and probabilities were 

calculated and adequate model fit was confirmed with the Hosmer and Lemeshow test.
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Analyses were conducted using SAS 9.2 statistical software (SAS Institute, Inc., 1994) and 

figures were created using R 3.0.1 (www.r-project.org). A two-tailed significance threshold 

of P < 0.05 was used with no correction for multiple comparisons.

Results

At baseline, the mean (SD) BMI was 29.8 (7.5); 44.4% of participants had obesity, 48.0% 

had abdominal obesity, and 27.3% had metabolic syndrome. Selected demographic and 

clinical features of the total sample are reported in Table 1. Obese patients and non-obese 

patients did not differ regarding baseline measures of global illness severity, mood 

symptoms, suicidality, functioning, or quality of life (Table 1). Obesity, however, was 

associated with female gender, older age, race, marital status, and history of binge eating (all 

P’s < .05) (Table 1). Similar findings were seen in patients with and without abdominal 

obesity. There were no differences in prevalence of obesity, abdominal obesity, and 

metabolic syndrome, or in mean BMI between the two treatment groups (all P’s > .05, data 

not shown). Overall, patients receiving lithium-based treatment and those receiving 

quetiapine-based treatment displayed similar improvement on all outcome variables (26).

The effects of baseline adiposity on outcome were not different between randomized 

treatment groups (all P’s > 0.05, data not shown), but adiposity measures moderated 

outcome (Tables 2–4). Compared to non-obese patients, obese patients showed significantly 

less improvement in global illness severity, depressive and total mood symptomatology, 

suicidality, functioning, and overall life satisfaction regardless of treatment assignment 

(Table 2). Moreover, the difference in improvement between obese and non-obese patients 

was most apparent in the last three months of the trial (Figure 1). Similarly, compared to 

participants without abdominal obesity, participants with abdominal obesity improved less 

on measures of overall severity, depression, suicidality, functioning, and life satisfaction 

(Table 3). In addition, increased baseline BMI predicted significantly less improvement in 

global illness severity, suicidality, and overall life satisfaction (Table 4). By contrast, 

metabolic syndrome had no effect on outcome (data not shown).

Similar results were found in our sIPW analysis. Each variable identified in our unweighted 

analysis remained statistically significant (or marginally for Q-LES-Q) even after weighting 

by the potential confounders (Table 2). Our weighting models seemed to fit the data well 

and, as expected, the stabilized weights were centered around 1 (analyses not shown).

Discussion

This study is consistent with previous data showing that bipolar disorder is associated with 

increased adiposity, and extends these data by showing that both total and abdominal obesity 

are associated with less improvement on a number of treatment outcomes. Obesity was 

associated with less global improvement and less improvement in depressive and total mood 

symptoms, suicidality, functioning, and life satisfaction. These associations persisted after 

accounting for gender, race, marital status, any current anxiety disorder, binge eating, 

treatment with lithium or quetiapine, and treatment with medications associated with weight 

gain. Abdominal obesity was similarly associated with less global improvement and less 
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improvement in depressive symptoms, suicidality, and life satisfaction. With increasing 

baseline BMI, participants showed less global improvement and less improvement in 

depressive symptoms, suicidality, functioning, and life satisfaction. By contrast, the presence 

of metabolic syndrome had no effect on outcome.

That adiposity measures, but not metabolic syndrome, were associated with less 

improvement in clinical outcomes suggests that elevated adiposity may have a stronger 

predictive effect on the course of bipolar disorder than the presence of metabolic syndrome. 

A limitation of this conclusion, however, is that although rates of adiposity were comparably 

high as in other samples of individuals with bipolar disorder (1, 9, 12, 13, 15–17, 19), the 

rate of metabolic syndrome was relatively low and similar to that of the general population 

(4). The low baseline rate of metabolic syndrome may have reduced the power of our 

analyses to detect outcome effects. Nonetheless, our findings that metabolic syndrome did 

not moderate treatment outcome are consistent with two earlier studies (23, 24).

It is unclear why obesity is associated with poorer outcome in bipolar disorder. One 

possibility is that obesity is a marker of severity in bipolar disorder. Although this 

explanation is not supported by the lack of baseline associations of adiposity measures with 

illness severity in the present sample, neuroimaging and genetic studies suggest bipolar 

disorder plus obesity may be an important phenotypic subtype characterized by 

abnormalities in gray and white matter regions involved in generating and regulating 

emotion (39–41) or sharing a common genetic risk for type 2 diabetes (e.g., TCF7L2) (3). 

Another possibility is that obesity is an epiphenomenon of another factor associated with a 

more severe course of bipolar disorder, such as comorbid anxiety disorder or binge eating 

(19, 42). However, effects of obesity on outcome persisted after accounting for these 

variables.

Yet another possibility is that the harmful effects of obesity could worsen the course of 

bipolar disorder (2). Thus, it has been hypothesized that increased adiposity contributes to 

the inflammation seen in mood disorders, which in turn has deleterious effects on brain 

structure and function (2, 43–45). This possibility is supported by findings that increased 

adiposity is associated with central nervous system inflammation (46, 47), poor cognitive 

function and development of neurodegenerative disorders (48, 49), disruptions in white 

matter integrity (50), decreased hippocampal n-acetylaspartate (51), and loss of brain 

volume over time (52); and with findings that long-term inflammation increases the risk for 

common mental disorders (53).

Several additional limitations of the current study need to be considered. Neither BMI nor 

waist circumference are ideal measures of total and abdominal obesity, respectively. BMI 

does not take age, gender, bone structure, fat distribution, or muscle mass into consideration 

(54) and waist circumference cannot distinguish subcutaneous fat from abdominal fat (6). 

Thus, findings may have differed if more direct and precise measures, such as dual-energy 

X-ray absorptiometry or bioelectrical impedence, were used to assess body fat (55). 

Additionally, as only 43 participants had abdominal obesity without total obesity, we were 

unable to determine whether abdominal obesity in the absence of total obesity moderated 

outcome. Finally, data were collected through a clinical trial, potentially limiting the 
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generalizability of the findings. Although the study sample was heterogeneous given the 

limited entry criteria, the findings may not extend to individuals with more severe 

symptomatic presentations or those who are not in treatment.

In sum, in a prospective, comparative effectiveness trial, obesity and abdominal obesity, but 

not metabolic syndrome, were associated with less improvement in response to lithium or 

quetiapine-based therapy. Further study of the effects of adiposity on outcome in bipolar 

disorder is greatly needed.
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Significant outcomes

• Forty-four % of participants had obesity and 48% had abdominal obesity. 

Though not associated with illness severity at baseline, both obesity and 

abdominal obesity were associated with less symptomatic and functional 

improvement after 6 months of lithium- or quetiapine- based treatment. The 

difference in improvement between obese and non-obese patients was most 

apparent in the last 3 months of treatment.

• Metabolic syndrome, defined by National Cholesterol Education Program 

(NCEP) criteria and present in 27.3% of participants, had no effect on 

outcome after six months of lithium- or quetiapine- based treatment.

• Association of obesity with poorer outcome persisted after other correlates of 

obesity in bipolar disorder, including binge eating and treatment with 

medications associated with weight gain, were controlled for.
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Limitations

• Lack of placebo-control group.

• Given the exploratory nature of the statistical analyses, multiple comparison 

adjustments were not applied.

• Low rate of metabolic syndrome.
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Figure 1. 
Means of selected clinical outcomes by study week and baseline obesity status

Based on mixed effects regression models, all differences in slopes between obese and non-

obese patients were significantly different from zero (all P’s < 0.05 for outcomes in figures 

above)

Key: BISS = Bipolar Inventory of Symptoms Scale; CGI-BP Severity = Clinical Global 

Impression Severity Scale for Bipolar Disorder; CI = confidence interval; LIFE-RIFT = 

Life-Range of Impaired Functioning Tool; Q-LES-Q = Quality-of-Life Enjoyment and 

Satisfaction Questionnaire
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Table 1

Selected baseline demographic and clinical variables among CHOICE participants by obesity status

Variable Overall(N=482) Yes Obesity(N=212) No Obesity(N=270) Pa

Mean ± SD Mean ± SD Mean ± SD

Age (mean ± SD years) 39 ± 12 41 ± 11 37 ± 13 <0.001

CGI-BP Severity 4.5 ± 0.9 4.4 ± 0.8 4.6 ± 0.9 0.061

BISS total 56.1 ± 18.8 55.8 ± 19.7 56.4 ± 18.2 0.736

BISS depression 37.6 ± 14.1 37.4 ± 14.1 37.7 ± 14.1 0.792

LIFE-RIFT total 14.2 ± 3.4 14.3 ± 3.3 14.2 ± 3.4 0.856

Q-LES-Q overall 41.6 ± 24.5 42.6 ± 24.5 40.8 ± 24.6 0.429

% % %

Female gender 58.8 64.6 54.1 0.021

Race 0.025

 White 72.2 71.7 72.6

 Black 19.9 23.6 17.0

 Other 7.9 4.7 10.4

Married/Living as Married 31.1 37.7 25.9 0.005

Any Anxiety Disorder 58.2 61.8 54.9 0.132

Binge Eating 25.6 30.6 21.6 0.026

Weight Gain Medicationb 21.8 24.1 20.0 0.284

a
P is based on either t-test (continuous) or chi-square test (categorical) between obese and non-obese groups.

b
Weight-gain medication = amitriptyline, aripiprazole, clomipramine, clozapine, doxepin, imipramine, lithium, mirtazepine, olanzapine, quetiapine, 

risperidone, and valproate.

Key: BISS = Bipolar Inventory of Symptoms Scale; CGI-BP Severity = Clinical Global Impression Severity Scale for Bipolar Disorder; CI = 
confidence interval; LIFE-RIFT = Life-Range of Impaired Functioning Tool; Q-LES-Q = Quality-of-Life Enjoyment and Satisfaction 
Questionnaire
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Table 4

Effect of baseline BMI on changes in clinical outcomes at six months

Estimated 6-month difference per 1 unit increase in baseline

Variable Baseline BMI

Mean ± SD (N) Mean [95%CI] P

CGI-BP Severity 4.5 ± 0.9 (482) 0.02 [0.00, 0.03] 0.018

BISS total 56.1 ± 18.8 (482) 0.16 [−0.08, 0.40] 0.201

BISS depression 37.6 ± 14.0 (482) 0.16 [−0.03, 0.34] 0.097

BISS suicidality 0.7 ± 1.0 (482) 0.02 [0.01, 0.03] 0.002

LIFE-RIFT total 14.2 ± 3.4 (476) 0.05 [−0.01, 0.10] 0.102

Q-LES-Q overall 41.6 ± 24.5 (475) −0.45 [−0.84, −0.07] 0.022

Key: BISS = Bipolar Inventory of Symptoms Scale; CGI-BP Severity = Clinical Global Impression Severity Scale for Bipolar Disorder; CI = 
confidence interval; LIFE-RIFT = Life-Range of Impaired Functioning Tool; Q-LES-Q = Quality-of-Life Enjoyment and Satisfaction 
Questionnaire
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