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Abstract

Objective—Several studies have reported higher prevalence of obesity in patients suffering from 

bipolar disorder (BD). To study the relation of elevated body mass index (BMI) in patients with 

BD more closely, we investigated differences in sociodemographic, clinical, and medical 

characteristics with respect to BMI, with the hypothesis that BMI is related to prognosis and 

outcome.

Methods—We measured the BMI of 276 subjects of a tertiary care sample from the Maritime 

Bipolar Registry. Subjects were 16 to 83 years old, with psychiatric diagnoses of bipolar I disorder 

(n = 186), bipolar II disorder (n = 85), and BD not otherwise specified (n = 5). The registry 

included basic demographic data and details of the clinical presentation. We first examined the 

variables showing a significant association with BMI; subsequently, we modeled the relationship 

between BMI and psychiatric outcome using structural equation analysis.

Results—The prevalence of obesity in our sample was 39.1%. We found higher BMI in subjects 

with a chronic course (p < 0.001) and longer duration of illness (p = 0.02), lower scores on the 

Global Assessment of Functioning Scale (p = 0.02), and on disability (p = 0.002). Overweight 

patients had more frequent comorbid subthreshold social (p = 0.02) and generalized anxiety 

disorders (p = 0.05), diabetes mellitus type II (p < 0.001), and hypertension (p = 0.001). Subjects 

who achieved complete remission of symptoms on lithium showed significantly lower BMI (p = 

0.01).

Conclusions—Our findings suggest that BMI is associated with the prognosis and outcome of 

BD. Whether this association is causal remains to be determined.
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Obesity is common in patients with bipolar disorder (BD), with a prevalence of 20% to 49% 

(1–3), compared to 18% in the general US population (4). There are a number of possible 

causes of obesity in BD, including lifestyle, medication exposure, binge-eating comorbidity, 

neuroendocrine and neurotransmitter dysfunctions, comorbid metabolic syndrome, and 

genetic predisposition. The growing evidence of obesity in patients with BD and its 

correlation with increased morbidity and mortality led us to study the association between 

the two disorders more systematically, with the hypothesis that body mass index (BMI) is 

related to prognosis and outcome. In this paper, we examine differences in 

sociodemographic, clinical, and medical characteristics of BD patients with elevated BMI.

Obesity appears to be correlated with important clinical features of BD, resulting in a poorer 

prognosis and outcome. Fagiolini et al. (3) found that obese bipolar patients experienced a 

greater number of lifetime depressive and manic episodes; presented with more severe and 

difficult-to-treat index affective episodes; and were more likely to develop an affective 

recurrence, particularly depression, following acute treatment. Two recent studies have also 

suggested a relationship between obesity and suicidal ideation and behaviour in BD patients 

(5, 6), specifically, a positive correlation between BMI and history of suicide attempts.

Not only is this of great concern in treating BD, but obesity is the most important predictor 

of metabolic syndrome (7). In a later study, Fagiolini et al. (6) found that 30% of their 

sample of BD patients met the National Cholesterol Education Program Expert Panel on 

Detection, Evaluation and Treatment of High Blood Cholesterol in Adults (NCEP ATP III) 

criteria for metabolic syndrome. It has been increasingly recognized that individuals with 

BD have a higher prevalence of modifiable risk factors for metabolic syndrome and 

cardiovascular disease (6, 7), as well as higher mortality rates due to natural causes (8, 9), 

compared to the general population.

Methods

Participants

All subjects were recruited through the Maritime Bipolar Registry, a community-based 

project carried out throughout the Maritime Provinces of Canada, including New Brunswick, 

Nova Scotia, and Prince Edward Island (10). At the time of the analysis, the registry 

included data from 276 patients with BD, comprising 104 men and 172 women in the age 

range of 16 to 83 years. Of these, 186 participants were diagnosed with bipolar I disorder 

(BD I), 85 with bipolar II disorder (BD II), and 5 with BD not otherwise specified (NOS). 

All consenting participants were interviewed in person and met the DSM-IV criteria for BD. 

Interviews were carried out by experienced psychiatrists or trained research nurses. For each 

pro-band, the following information was collected by interview and chart review: basic 

demographic characteristics, height and weight, details of the clinical presentation 

(including age of onset of mania and depression, psychiatric comorbidity, history of suicidal 
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behaviour, and psychosis during illness episodes), response to lithium, and specific details of 

medical comorbidity [including hypertension, thyroid disorder, and diabetes mellitus type II 

(DM II)]. Medical comorbidity was based on previous diagnosis and evidence of treatment 

for each selected medical condition. Ethnically, most participants were of Irish, Scottish, or 

French Acadian origin.

Statistical analysis

We used t-tests and analysis of variance (ANOVA) to analyze BMI in categories defined by 

independent variables; for continuous measures, we used Pearson correlation coefficients. 

Subsequently, we carried out an exploratory multivariate analysis using the structural 

equation method implemented in LISREL (11).

Results

Correlates of obesity in the sample

The average BMI in our sample was 29.9 ± 5.2 for men and 29.2 ± 7.4 for women. The rates 

of overweight and obesity in this group of patients with BD were high, with 36.6% (n = 101) 

being overweight and 39.1% (n = 108) obese. Only 22.8% (n = 63) of patients were of 

normal weight, and 1.4% (n = 4) underweight. For obese patients, mean height was 167.8 

± 10.3 cm and mean weight was 101.1 ± 14.9 kg. For patients of healthy weight, mean 

height was 168.2 ± 9.1 cm and mean weight was 62.9 ± 8.3 kg.

Table 1 shows the demographic characteristics of the patients in our sample and their 

relation to BMI. The average age was 44.0 ± 12.6 years, with no significant association with 

BMI (r = 0.10, p = 0.12). There was no significant correlation between age of mania (r = 

−0.05, p = 0.41) or depression onset (r = −0.05, p = 0.46) and BMI, with mean ages of 29.6 

± 11.6 years and 25.0 ± 11.6 years, respectively. BMI was comparable across the patients’ 

sex and marital status, but it was significantly higher in those on disability compared to 

patients who worked full time. This is consistent with a negative correlation between BMI 

and Global Assessment of Functioning (GAF) scores (r = −0.14, p = 0.02), with a mean 

GAF score of 67.4 ± 16.7.

Table 2 shows the clinical characteristics of this group of bipolar patients. BMI was not 

significantly different across BD subtypes (BD I versus BD II). In terms of the clinical 

course of BD, subjects with a chronic illness showed significantly higher BMI than those 

with an episodic course. The duration of illness in this sample was 19.5 ± 12.1 years on 

average, and it correlated with BMI (r = 0.14, p = 0.02). Patients with a history of rapid 

cycling showed a trend toward higher BMI compared to those without. When comparing 

subjects with and without a history of psychotic episodes and suicidal behavior, there was no 

significant difference in BMI between these two subgroups. There was a trend toward higher 

BMI in patients with full-criteria generalized anxiety disorder (GAD) and social anxiety 

disorder (SAD), but when we tested for the entire spectrum of anxiety symptoms, including 

patients with subsyndromal GAD and SAD, BMI was clearly significantly higher than in 

those without anxiety symptoms. Finally, there was a positive trend toward higher BMI in 

subjects with comorbid personality disorders.
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Table 3 shows the medical characteristics of the sample. Patients with comorbid DM II and 

hypertension had significantly higher BMI, as expected, given this well-documented 

association in the medical literature. The mean age of DM II onset was 48.1 ± 9.6 years, 

with a negative trend between BMI and age of onset (r = −0.31, p = 0.06). There was a 

negative correlation between duration of DM II and BMI (r = −0.35, p = 0.04), with mean 

duration 6.5 ± 6.7 years. Patients with comorbid thyroid disorder only exhibited a trend 

toward higher BMI.

Table 4 shows therapeutic effect of lithium in relation to BMI. Patients who achieved 

complete remission of psychiatric symptoms on lithium had a significantly lower BMI 

compared to those who showed partial or no therapeutic benefit (p = 0.01). These patients 

had a BMI in the healthy weight range. Patients who had a partial response to lithium had a 

BMI in the overweight range, while those showing no response to lithium had a BMI in the 

obese range.

Structural equation modeling

We hypothesized that patients with rapid cycling, anxiety disorders, and chronic course of 

illness, as well as with medical comorbidities (DM II, thyroid disorder, and elevated BMI) 

have poorer outcome as measured by GAF scores. In order to obtain a parsimonious model, 

the analysis was restricted to variables that showed a relationship with BMI at the 

significance level of p ≤ 0.10. From this initial set we removed additional variables to reduce 

the impact of incomplete data (therapeutic effectiveness of lithium, antipsychotic use at 

interview), small number of observations (personality disorders), nominal data 

(socioeconomic status), and variable overlap (hypertension). GAD and SAD were combined 

into a single variable of anxiety. Presented in Figure 1 is a latent variable path model, with 

one exogenous variable, severity of illness, and an endogenous single indicator of patient 

outcome, GAF score. All variables in the model were ordinal, with the exception of BMI 

and GAF scores, which were continuous variables. Course of illness was coded ‘1’ for single 

episode, ‘2’ for completely episodic, ‘3’ for episodic residual, ‘4’for chronic fluctuating, and 

‘5’ for chronic course of illness. The variables rapid cycling, diabetes mellitus, and thyroid 

disorder were coded ‘1’ for absence and ‘2’ for presence of the feature or disorder, whereas 

the variable anxiety disorder was coded ‘1’ for absence, ‘2’ for subsyndromal, and ‘3’ for 

meeting criteria of an anxiety disorder. The proposed model was assessed using structural 

equation modeling, by means of the maximum likelihood estimation procedure in LISREL 

8.8 (11). The fit of the model was satisfactory (χ2 = 10.77, df = 12, p = 0.55). In addition, 

the root mean square error of approximation (RMSEA) was 0.0 (95% confidence interval: 

0.0–0.056), with a p value of 0.92 (for test of close fit, RMSEA < 0.05), also indicative of an 

excellent fit. Since our sample contained missing data (1.92%), however, additional 

goodness-of-fit indices could not be calculated. The squared multiple correlations (R2) for 

the latent variable severity of illness were 0.22 for rapid cycling, 0.69 for course of illness, 

0.095 for anxiety disorder, 0.027 for diabetes mellitus, 0.026 for thyroid disorder, and 0.080 

for BMI. The latent variable severity of illness accounted for 27% of the variance in the 

GAF scores. The path coefficient estimates in this model were moderate, ranging from 0.07 

to 10.69, but were all statistically significant (a t-value of 1.96 or higher for the significance 

level of 0.05) with t-values ranging from 2.26 to 5.58.
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Discussion

The prevalence of obesity (39.1%) in our sample was similar to the high rates reported in 

other studies (1–3). Further, we found that patients with BD with higher BMI differed in 

their basic clinical characteristics. Patients with higher BMI were not responsive to lithium 

and had a more chronic, fluctuating course. They had more comorbid subthreshold anxiety 

disorders and longer duration of illness. Interpreting the BMI of patients who met full 

criteria for GAD and SAD was difficult due to small sample sizes (n = 22 and n = 10, 

respectively). Patients with higher BMI showed a trend toward more rapid cycling and 

comorbid personality disorders.

Similar to Fagiolini et al. (3), we found that there was a negative correlation between BMI 

and outcome. Patients with BD with elevated BMI demonstrated lower GAF scores and 

higher rates of disability. Moreover, higher BMI was associated with greater medical 

comorbidity, with an increased risk of DM II and hypertension. Due to the lack of 

prospective research, however, it remains unclear whether these biological dysfunctions 

developed before the onset of obesity and BD or were the result of these conditions and/or 

the medications used to treat them.

Patients with elevated BMI were not lithium responsive and therefore required treatment 

with other medications, with the potential side effect of weight gain. The metabolic 

consequences of psychotropic medications (weight gain, insulin resistance/glucose 

intolerance, DM II, and dyslipidemia) may play a significant role in some of the positive 

correlations between elevated BMI and DM II that we have found. Initially, insulin 

resistance makes weight loss more difficult, leading to a cycle of increasing insulin 

resistance and further weight gain. As insulin resistance progresses to glucose intolerance 

and frank DM II, patients begin to lose weight as their ability to metabolize glucose is 

diminished. This is reflected in the negative correlation between duration of DM II and BMI 

that we observed. Further to the risks of obesity in BD are hypertension and the development 

of metabolic syndrome, increasing the risk of cardiovascular disease, the most frequent 

cause of death in BD patients (9).

The co-occurrence of obesity and BD, however, predates the advent of current medications 

(12). Other contributing factors such as genetic predisposition, biological dysfunction, 

phenomenology of depressive symptoms, psychiatric comorbidity, family environment, and 

socioeconomic status all likely interact to influence activity and diet, leading to the 

development of obesity (13). Several potential candidate genes for a common genetic 

diathesis between obesity and BD have been identified (14–16). Biological abnormalities 

such as dysregulation of the central serotonin and dopamine system (17–21) and increased 

norepinephrine turnover (17, 22) may also contribute to the correlation between BD and 

obesity. Hyperactivity of the hypothalamic-pituitary-adrenal axis, leading to 

hypercortisolemia, has been found to accompany depressive states. Cortisol has a strong 

effect on gluconeogenesis, and persistently elevated cortisol levels are associated with 

abdominal obesity (23), weight gain (24–26), insulin resistance (27), and likely the 

development of DM II.
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Patients with elevated BMI have a greater number of lifetime episodes of illness and are 

more likely to develop rapid recurrence (3). Similarly, lithium nonresponders have poorer 

quality of remissions, with a more chronic, fluctuating course. These patients spend more 

time requiring acute treatment, which has been shown to increase risk of weight gain. 

Fagiolini et al. (4) demonstrated a relationship between acute depressive episodes and 

weight gain, with most weight gain occurring during the acute phase of treatment and little 

during the maintenance phase. Depressive episodes and subsyndromal and minor affective 

symptoms predominate in BD (28) and are associated with significant impairment (29). 

Patients gain more weight during this time, perhaps in part due to inactivity and difficulty 

following a healthy diet and perhaps due to greater exposure to medications that may 

contribute to weight gain. There may also be a metabolic relationship with the quality of 

remission.

Most mood stabilizers, including lithium, have been reported to cause weight gain (30–35). 

However, patients who demonstrated complete remission of symptoms with lithium showed 

significantly lower BMI compared to those reporting no therapeutic effect. We speculate that 

lithium-responsive patients spend more time in a state of wellness and are better able to 

exercise and follow a healthy diet. They spend less time in a depressed state, during which 

atypical symptoms may influence their activity level and appetite, and they require less acute 

treatment, which is related to the greatest weight gain. These patients may also be different 

metabolically, which may account for their lithium responsiveness and quality of remissions. 

Conversely, patients who respond to lithium may be affected at a metabolic level, resulting 

in lower BMI. The insulin-like effect of lithium may mimic the hyperinsulinemic state that 

pre-empts insulin resistance in an attempt to stave off its development, resulting in less 

insulin resistance and DM II in lithium-responsive patients.

In summary, BD patients with elevated BMI appear to suffer from a more severe course of 

BD in terms of chronicity and overall functioning, and are at increased risk of medical 

comorbidity. Our study has further identified this subgroup as lithium nonresponders, who 

may represent a particular phenotype of BD patients with a distinct pathophysiology and less 

favourable outcome. This subgroup with poor prognosis may have impaired metabolism that 

could underlie obesity, DM II, and response to lithium. Alternatively, elevated BMI and its 

associated metabolic consequences, such as insulin resistance, may be independent 

complicating factors affecting the course or lithium responsiveness of patients with BD.

This study cannot determine whether metabolic dysfunction leads to lithium 

nonresponsiveness, with its associated clinical features, or whether lithium responsiveness 

determines subsequent metabolic sequelae. The two may be genetically related. Until a 

prospective study can be done to assess causality, perhaps the most practical outcome is to 

demonstrate the compelling need to provide nutrition and exercise counseling, and to screen 

for and treat metabolic syndrome and risk factors for cardiovascular disease. Ideally, this 

would be part of every BD patient’s overall care. This is particularly important for patients 

who are already at risk for cardiovascular morbidity, have pre-existing cardiovascular 

disease, DM II, or hypertension, or fit into the lithium nonresponsive subgroup (i.e., elevated 

BMI, more chronic course, comorbid subthreshold anxiety disorders, trend toward rapid 

cycling and comorbid personality disorders, and increased DM II and hypertension). In turn, 
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these behavioral and medical interventions could possibly improve the clinical course of 

bipolar illness, reduce morbidity and mortality related to physical illness, and most 

importantly, enhance the quality of life of BD patients.
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Fig. 1. 
LISREL model. The patient outcome model of severity of illness [χ2 = 10.77, df = 12, p = 

0.5487, root mean square error of approximation (RMSEA) = 0.00, n = 276]. Values above 

are estimated path coefficients, and below in parentheses are the t-values, where * indicates 

statistical significance at the 0.05 level. BMI = body mass index; GAF = Global Assessment 

of Functioning.
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