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Introduction: People living with bipolar I disorder (BD-I) have an increased risk for obesity compared with the general population 
that may be related to genetic, lifestyle, and treatment factors. Few studies have examined possible effects of obesity on those living 
with BD-I. This study examined relationships between obesity and clinical, humanistic, and economic outcomes among adults with 
BD-I.
Methods: This retrospective, cross-sectional study analyzed survey responses from a nationally representative sample of US adults 
participating in the 2016 or 2020 National Health and Wellness Survey. Respondents (18–64 years) with a self-reported physician 
diagnosis of BD-I were included and categorized by body mass index: underweight/normal weight (<25 kg/m2), overweight (25 to 
<30 kg/m2), or obese (≥30 kg/m2). Adjusted analyses assessed comorbidities, health-related quality of life (HRQoL), work productiv
ity, health care resource utilization (HCRU), and economic outcomes.
Results: In total, responses from 1,853 participants were analyzed; most were female (65%) and white (62%). Respondents with 
obesity had the highest prevalence of medical comorbidities, including high blood pressure (52%), sleep apnea (37%), hypercholes
terolemia (34%), and type 2 diabetes (12%). Obesity was generally associated with the lowest scores of physical health and HRQoL. 
Activity impairment scores were highest among respondents with obesity, as were numbers of hospitalizations and emergency 
department visits in the previous 6 months. Respondents with obesity incurred higher annual indirect and direct medical costs 
($28,178 and $37,771, respectively) when compared with the underweight/normal weight ($23,823 and $32,227, respectively) and 
overweight ($24,312 and $35,231, respectively) groups.
Conclusion: In this nationally representative sample, obesity was associated with several outcomes that may negatively affect people 
living with BD-I, including medical comorbidities, higher HCRU, HRQoL impairments, and greater indirect and direct medical costs. 
These findings highlight the importance of considering the presence of or risk for obesity and associated medical comorbidities when 
treating BD-I.
Keywords: body mass index, comorbidity, health care costs, health-related quality of life

Introduction
People living with bipolar I disorder (BD-I) have an increased risk of obesity compared with the general population.1 

Increased body weight is a significant risk factor for developing cardiovascular disease, a leading cause of morbidity and 
mortality in people with BD-I.2–4 Higher body mass index (BMI), specifically obesity, is associated with adverse 
cardiometabolic outcomes, including hypertension, dyslipidemia, type 2 diabetes, coronary heart disease, and stroke.5

Genetic and lifestyle factors contribute to the increased risk of obesity in people with BD-I. For example, female sex 
has been associated with a greater risk of obesity in this population,1,6 while suboptimal diet and exercise habits in people 
with BD-I may also contribute.7 Additionally, treatment-related factors, including the weight gain liability of many 
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antipsychotic medications, antidepressants, and mood stabilizers, may increase the risk of obesity.8–10 Weight gained 
during antipsychotic treatment often persists even after discontinuing or switching treatment and is cited as one of the 
most common and bothersome adverse effects experienced by patients.11,12

Negative effects of weight gain among people with BD-I may include increased clinical burden, increased health care 
resource utilization (HCRU), and reduced health-related quality of life (HRQoL).12–14 Despite the link between BD-I and 
obesity, few studies have examined the outcomes associated with obesity in this population. In this study, we investigated 
the associations between obesity and clinical, humanistic, and economic outcomes among adults with BD-I.

Methods
This study was a retrospective, cross-sectional analysis of responses to the 2016 or 2020 National Health and Wellness 
Survey (NHWS). The NHWS is a self-administered, internet-based survey conducted annually among a nationally 
representative sample of adults in the United States based on age, sex, and race. The survey includes information on self- 
reported health outcomes, medical conditions, and HCRU. Study procedures were reviewed by the Pearl Institutional 
Review Board (Indianapolis, IN), which provided an exempt status for this study per Federal Regulation 45 CFR 46 
Subpart A §46.104(d)(2) governing deidentified survey data.15

Respondents aged 18 to 64 years who self-reported a physician diagnosis of BD-I were included in the analysis. Data 
from 2016 and 2020 were combined, as respondents with a diagnosis of bipolar disorder provided specific subtype 
information in those years (eg, BD-I vs BD-II). A total of 21 respondents completed both the 2016 and 2020 NHWS but 
were excluded from the final analysis because of data concerns (ie, inconsistent responses regarding bipolar subtype and/ 
or chronic medical diagnoses across the 2 years).

Primary Analysis
Respondents were categorized by BMI: underweight/normal weight (<25 kg/m2), overweight (25 to <30 kg/m2), or obese 
(≥30 kg/m2). Physician diagnoses of obesity-related medical comorbidities, including high blood pressure, hypercholes
terolemia, type 2 diabetes, cardiovascular events (ministroke, stroke, heart attack, or congestive heart failure), asthma, 
liver disease, cancer, osteoarthritis, and sleep apnea, were assessed according to patients’ self-report.

Evaluations of HRQoL were conducted using the 36-item Short Form Version 2 (SF-36v2) and the EuroQol EQ-5D 
health surveys. Physical and Mental Component summary scores from the SF-36v2 were calculated using a norm-based 
scoring algorithm. Specifically, a linear T-score transformation was employed so that the mean of each summary score 
was set at 50, representing the population mean for the US population, with an SD set at 10. Lower scores represented 
worse health status in both surveys.

Work productivity was assessed using the Work Productivity and Activity Impairment (WPAI) questionnaire. The WPAI 
questionnaire consists of the following 4 scales: absenteeism (missed work due to illness), presenteeism (lost productivity at 
work), overall work impairment (absenteeism and presenteeism combined), and activity impairment (health-related impairment 
in daily activities). Work impairment questions were assessed among respondents who were employed at the time of the survey, 
while activity impairment questions were asked of all respondents. Higher scores on the WPAI scales represent greater levels of 
impairment. Total indirect costs, as well as indirect costs associated with absenteeism and presenteeism, were estimated using 
2019 hourly wage data from the US Bureau of Labor Statistics16 and by extrapolating the number of self-reported work hours 
affected among respondents who were employed.

HCRU (hospitalizations, emergency department [ED] visits, and visits to health care professionals) in the previous 6 
months were also assessed. Direct medical costs associated with HCRU were estimated from the 2018 Medical 
Expenditure Panel Survey17 and based on national cost averages.

Statistical Analysis
Multivariable regression models were used to adjust study outcomes for age, sex, race, residential status, marital status, 
education, employment status, insurance status, smoking status, alcohol use, exercise frequency, and modified Charlson 
Comorbidity Index. To control for the potential effect of the COVID-19 pandemic on study outcomes, NHWS year (2016 
vs 2020) was also included as a covariate in regression models.
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Study outcomes, including frequency and percentage for categorical outcomes as well as mean and SD/SEM for 
continuous outcomes, were summarized descriptively; no formal hypothesis testing is reported across the 3 BMI subgroups.

A sensitivity analysis was conducted with obesity further stratified by class. The following 5 subgroups were included 
in the sensitivity analysis: underweight/normal weight, overweight, obese class 1 (BMI: 30 to <35 kg/m2), obese class 2 
(BMI: 35 to <40 kg/m2), and obese class 3 (BMI: ≥40 kg/m2).

Results
Respondent Demographics
A total of 1,853 respondents reported having received a physician diagnosis of BD-I and completed the 2016 or 2020 NHWS 
(Table 1 and Supplemental Table 1). Of these respondents, 29.7% were underweight/normal weight, 25.5% were overweight, 
and 44.8% were obese. Their mean (SD) age was 34.1 (12.6) years, and most respondents were female (65%) and white 
(62%). The majority of respondents (82%) lived in an urban area, and 45% reported being married or living with a partner; 

Table 1 Respondent Demographics

Characteristic Total 
(N=1,853)

Underweight/Normal 
Weight (n=551)

Overweight 
(n=472)

Obese  
(n=830)

Age, mean (SD), years 34.1 (12.6) 33.6 (12.9) 34.8 (12.1) 34.1 (12.7)

Sex, female, n (%) 1,212 (65) 364 (66) 274 (58) 574 (69)

Race, n (%)

White 1,144 (62) 320 (58) 276 (58) 548 (66)

Black 179 (10) 49 (9) 43 (9) 87 (10)

Hispanic 310 (17) 96 (17) 91 (19) 123 (15)

Other 220 (12) 86 (16) 62 (13) 72 (9)

Urban residence, n (%) 1,527 (82) 457 (83) 404 (86) 666 (80)

Married, n (%) 833 (45) 241 (44) 220 (47) 372 (45)

Education, n (%)

High school or less 584 (32) 197 (36) 127 (27) 260 (31)

Some college/associate 
degree

848 (46) 233 (42) 229 (49) 386 (47)

Graduate degree or higher 418 (23) 120 (22) 116 (25) 182 (22)

Employed, n (%) 849 (46) 277 (50) 225 (48) 347 (42)

On disability, n (%) 356 (19) 65 (12) 89 (19) 202 (24)

Income <$25,000, n (%) 709 (38) 206 (37) 173 (37) 330 (40)

Insurance, n (%)

Commercial 637 (35) 203 (37) 171 (36) 263 (32)

Medicaid 436 (24) 127 (23) 94 (20) 215 (26)

Medicare 417 (23) 82 (15) 121 (26) 214 (26)

Other 56 (3) 15 (3) 18 (4) 23 (3)

Uninsured 270 (15) 108 (20) 59 (13) 103 (12)

(Continued)
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46% had completed some college or obtained their associate degrees. Commercial insurance coverage was reported by 35% of 
respondents, while coverage by Medicaid or Medicare was reported by 24% and 23%, respectively. Overall, 63% used 
alcohol, and 45% were current smokers. The mean (SD) modified Charlson Comorbidity Index was 0.38 (1.12). Fewer than 
half (46%) of all respondents were employed at the time of the survey; obese patients with BD-I had the lowest rate of 
employment (42%) compared with the overweight (48%) and underweight/normal weight (50%) groups. Overall, 19% of 
respondents were on short- or long-term disability, with higher rates noted for respondents with obesity (24%) compared with 
overweight (19%) and underweight/normal weight (12%) respondents. Overall, 50% of respondents reported actively trying to 
lose weight; the proportion was highest among those with obesity (66%) compared with overweight (54%) and underweight/ 
normal weight (24%) respondents. Despite efforts to lose weight, fewer obese respondents reported exercising vigorously in 
the previous month (51%) in comparison with those who were overweight (61%) or underweight/normal weight (63%).

Medical Comorbidities
Compared with those who were underweight/normal weight or overweight, respondents with obesity had the highest adjusted 
prevalence of high blood pressure (52%), sleep apnea (37%), hypercholesterolemia (34%), cardiovascular events (ie, 
ministroke, stroke, or congestive heart failure; 15%), and type 2 diabetes (12%) (Figure 1). The adjusted prevalence estimates 
of asthma (29%), osteoarthritis (16%), and liver disease (6%) were also highest in respondents with obesity.

Figure 1 Adjusted proportions of self-reported obesity-related medical comorbidities. 
Notes: Adjusted for age, sex, race, residential status, marital status, education, employment status, insurance status, smoking status, alcohol use, exercise frequency, 
modified Charlson Comorbidity Index, and NHWS year. aIncludes ministroke, stroke, heart attack, or congestive heart failure. 
Abbreviations: BMI, body mass index; CV, cardiovascular; NHWS, National Health and Wellness Survey.

Table 1 (Continued). 

Characteristic Total 
(N=1,853)

Underweight/Normal 
Weight (n=551)

Overweight 
(n=472)

Obese  
(n=830)

Drinks alcohol, n (%) 1,174 (63) 364 (66) 308 (65) 502 (60)

Current smoker, n (%) 843 (45) 290 (53) 206 (44) 347 (42)

Trying to lose weight, n (%) 929 (50) 132 (24) 253 (54) 544 (66)

Exercised in past month, n (%) 1,059 (57) 347 (63) 287 (61) 425 (51)

Modified CCI, mean (SD) 0.38 (1.12) 0.44 (1.38) 0.33 (0.97) 0.37 (0.99)

Abbreviation: CCI, Charlson Comorbidity Index.
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Health-Related Quality of Life
Obesity was generally associated with lower physical health and HRQoL scores on the SF-36v2 and EQ-5D, respec
tively, compared with overweight or underweight/normal weight status (Table 2 and Supplemental Table 2). On the 
Physical Component Summary of the SF-36v2, the mean (SEM) score for respondents with obesity (40.6 [0.72]) was 
lower than the scores of those who were overweight (42.5 [0.78]) or underweight/normal weight (44.3 [0.75]). Although 
scores on the Mental Component Summary of the SF-36v2 were similar across the 3 BMI groups, they were lower than 
the population mean of 50 for US adults across each group. The mean (SEM) score on the EQ-5D was 0.62 (0.01) for 
respondents with obesity versus scores of 0.65 (0.01) for overweight and 0.67 (0.01) for underweight/normal weight 
respondents.

Work Productivity and Indirect Costs
A total of 807 employed survey respondents completed the work-related items of the WPAI questionnaire (Table 2). 
Mean (SEM) absenteeism scores were similar for respondents who were underweight/normal weight or obese (37.1% 
[4.70] and 36.4% [4.63], respectively) but were lowest for respondents who were overweight (31.7% [4.62]). A similar 
pattern was observed for presenteeism; respondents who were underweight/normal weight or obese had similar mean 
presenteeism (SEM) scores (56.2% [4.12] and 56.1% [4.14], respectively), with the lowest scores for respondents who 
were overweight (52.7% [4.14]). Likewise, mean (SEM) scores of overall work impairment were higher for those who 
were underweight/normal weight or obese (64.3% [1.05] and 64.2% [1.07], respectively) than for those who were 
overweight (58.9% [1.06]). Among all respondents, activity impairment scores were highest in respondents who were 
obese. Mean (SEM) activity impairment scores were 62.2% (2.49) for respondents with obesity compared with 58.8% 
(2.59) and 58.0% (2.42) for overweight and underweight/normal weight respondents, respectively.

Obesity was associated with the highest estimates of indirect medical costs (Figure 2). Annual indirect cost estimates 
of absenteeism and presenteeism were $15,688 and $17,063, respectively, among respondents with BD-I and obesity. 
Total indirect costs were estimated to be $28,178 per year for respondents with obesity. Obese respondents with BD-I had 

Table 2 Adjusted Health-Related Quality of Life and Work Productivity Scoresa

Parameter Underweight/ 
Normal Weight 

(n=551)

Overweight 
(n=472)

Obese  
(n=830)

SF-36v2,b mean (SEM)

PCS score 44.3 (0.75) 42.5 (0.78) 40.6 (0.72)

MCS score 32.8 (0.94) 32.0 (0.99) 31.9 (0.91)

EQ-5D score,b mean (SEM) 0.67 (0.01) 0.65 (0.01) 0.62 (0.01)

WPAI score,c,d % (SEM)

Absenteeism 37.1 (4.70) 31.7 (4.62) 36.4 (4.63)

Presenteeism 56.2 (4.12) 52.7 (4.14) 56.1 (4.14)

Overall work impairment 64.3 (1.05) 58.9 (1.06) 64.2 (1.07)

Activity impairment 58.0 (2.42) 58.8 (2.59) 62.2 (2.49)

Notes: aAdjusted for age, sex, race, residential status, marital status, education, employment status, insurance status, smoking 
status, alcohol use, exercise frequency, modified Charlson Comorbidity Index, and NHWS year. bLower scores represent 
worse health status. cA total of 807 respondents (n=263 underweight/normal weight, n=213 overweight, n=331 obese) who 
were employed at the time of the NHWS completed the absenteeism, presenteeism, and overall work impairment scales; all 
respondents (n=1,853) completed the activity impairment scale. dHigher scores represent greater impairment. 
Abbreviations: BMI, body mass index; MCS, Mental Component Summary; NHWS, National Health and Wellness Survey; 
PCS, Physical Component Summary; SF-36v2, 36-item Short Form Version 2; WPAI, Work Productivity and Activity 
Impairment.
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excess associated total indirect costs that were $3,867 and $4,356 higher, respectively, than annual costs for respondents 
who were overweight or underweight/normal weight.

HCRU and Direct Costs
Data on HCRU in the 6 months before survey participation are presented in Table 3 and Supplemental Table 3. The 
average numbers of both hospitalizations and ED visits were highest among respondents with obesity. The mean (SEM) 
number of hospitalizations for respondents with obesity was 0.84 (0.16) versus 0.72 (0.15) and 0.80 (0.16) for overweight 
and underweight/normal weight respondents, respectively. The mean (SEM) number of ED visits for respondents with 
obesity was 1.58 (0.23) compared with 1.44 (0.23) and 1.23 (0.19) for overweight and underweight/normal weight 
respondents, respectively. Overall, the numbers of visits to any health care professional were high in respondents with 
BD-I across the BMI categories. The mean (SEM) numbers of visits to health care professionals in the 6 months prior to 
survey completion were 9.67 (0.85) (underweight/normal weight), 12.55 (1.15) (overweight), and 12.26 (1.03) (obese).

Obesity was also associated with higher direct medical costs for respondents with BD-I than for those who were 
overweight or underweight/normal weight (Figure 2). Obesity was associated with the highest total direct medical costs 

Figure 2 Adjusted direct and indirect costs (in USD), annualized. 
Notes: Adjusted for age, sex, race, residential status, marital status, education, employment status, insurance status, smoking status, alcohol use, exercise frequency, 
modified Charlson Comorbidity Index, and NHWS year. aAnalyzed using a generalized linear model with a negative binomial distribution. bAnalyzed using a zero-inflated 
model with a negative binomial distribution. 
Abbreviations: BMI, body mass index; ED, emergency department; HCP, health care professional; NHWS, National Health and Wellness Survey; USD, US dollars.

Table 3 Adjusted Health Care Resource Use, Previous 6 Monthsa

Resource Underweight/Normal 
Weight (n=551)

Overweight 
(n=472)

Obese 
(n=830)

Hospitalizations, mean (SEM) 0.80 (0.16) 0.72 (0.15) 0.84 (0.16)

ED visits, mean (SEM) 1.23 (0.19) 1.44 (0.23) 1.58 (0.23)

Visits to any HCP, mean (SEM) 9.67 (0.85) 12.55 (1.15) 12.26 (1.03)

Notes: aAdjusted for age, sex, race, residential status, marital status, education, employment status, insurance status, smoking 
status, alcohol use, exercise frequency, modified Charlson Comorbidity Index, and NHWS year. 
Abbreviations: ED, emergency department; HCP, health care professional; NHWS, National Health and Wellness Survey.
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($37,771) annually, with the excess estimated to be $2,540 and $5,544 higher, respectively, than for those who were 
overweight or underweight/normal weight.

Sensitivity Analysis
The results of the sensitivity analysis with obesity stratified by class were consistent with those of the primary analysis 
(Supplemental Figures 1 and 2). In general, respondents who were in obesity class 3 reported the highest prevalence of 
several medical comorbidities and lower HRQoL scores than those of respondents in obesity class 1 or 2. Scores of 
absenteeism, overall work impairment, and activity impairment were highest among respondents in obesity class 3. 
Obesity class 3 was also associated with the highest estimates of obesity-related absenteeism and total indirect costs. The 
average numbers of hospitalizations and ED visits in the previous 6 months were highest in respondents in obesity class 
2, while respondents in obesity class 3 reported the highest number of visits to any health care professional in the 6 
months prior to survey participation. Obesity classes 2 and 3 were associated with the highest estimated hospitalization 
costs, as well as total direct medical costs.

Discussion
In the current study, obesity was associated with several outcomes that appear to negatively affect people living with BD-I. 
When the analysis was adjusted for demographic and health characteristics, respondents with obesity reported the highest 
prevalence of high blood pressure, sleep apnea, hypercholesterolemia, type 2 diabetes, asthma, osteoarthritis, and liver 
disease compared with those who were underweight/normal weight or overweight. Respondent self-assessment scores 
indicated poorer physical health and overall HRQoL among respondents with obesity compared with those in the other 
groups. Survey respondents with BD-I and obesity had the highest activity impairment scores. Overall, numbers of visits to 
any health care professional in the previous 6 months were high across the 3 BMI categories, but obesity was associated 
with the highest average numbers of hospitalizations and ED visits. In addition, obesity was associated with higher 
healthcare costs compared with those who were overweight or underweight/normal weight.

The prevalence of cardiometabolic comorbidities, low HRQoL, and higher estimated medical costs observed in obese 
patients with BD-I in this analysis align with those found in previous studies of the clinical, humanistic, and economic 
burdens of obesity in people living with BD-I. Cardiovascular disease is a leading cause of morbidity and mortality in 
people with BD-I,2–4 and the development of obesity-related cardiometabolic comorbidities that may emerge secondary 
to weight gain from antipsychotic and mood stabilizer treatments significantly increases HCRU and direct medical 
costs.13,18 Antipsychotic-associated weight gain is reported consistently by patients as bothersome and often persists 
despite potential efforts (eg, discontinuation, switching) to manage or reverse it.11,12 The physical functioning and work 
productivity impairments reported here are also consistent with previously reported findings in people with BD-I and 
obesity.19,20 Additionally, obesity is associated with increased severity of BD-I symptoms and less improvement in 
functioning and life satisfaction even after treatment with antipsychotic medication(s).14

Several strengths of this study are worth mentioning. The NHWS is a survey conducted among a nationally 
representative sample of US adults who were recruited and stratified based on sex, age, and race. Thus, the results 
may be generalizable to a larger population of patients with BD-I. Because only respondents with a self-reported 
diagnosis of BD-I were included, the reported outcomes are specific to BD-I and not bipolar disorder in general or 
other subtypes of bipolar disorder. By controlling for demographic and health characteristics, we were able to capture 
unique relationships between obesity and study outcomes. In addition, data and associated outcomes were reported by the 
patients, which may be difficult to capture via other types and sources of data.

Limitations
Limitations of the current study should be noted. This analysis was cross-sectional; therefore, no causal links between 
obesity and reported outcomes can be made. However, obesity is associated with an increased risk for many of the 
medical comorbidities21 that were found with higher prevalence in obese patients with BD-I than in those who were in 
a lower BMI category. Because the NHWS is a self-reported survey, responses could not be validated. For example, 
survey respondents may have underreported their weight, leading to BMI category misclassification and potential 
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underestimation of the relationship between BMI and study outcomes. Medication history was not available for both 
years of the NHWS; therefore, we were unable to control for this variable. Furthermore, study outcomes were not 
compared between respondents with or without BD-I. Living with BD-I may be associated with additional burdens not 
captured in this analysis.

Conclusions
There are important clinical, humanistic, and economic outcomes associated with obesity in adults living with BD-I. Obesity 
may adversely affect adults living with BD-I by potentially increasing their risk of medical comorbidities, increasing HCRU, 
lowering quality of life, and increasing indirect and direct medical costs. These findings illustrate the importance of 
considering weight gain and associated medical comorbidities in treatment decisions for people living with BD-I.

Abbreviations
BD-I, bipolar I disorder; BMI, body mass index; CFR, Code of Federal Regulations; ED, emergency department; HCRU, health 
care resource utilization; HRQoL, health-related quality of life; NHWS, National Health and Wellness Survey; SF-36v2, 36-item 
Short Form Version 2; WPAI, Work Productivity and Activity Impairment.
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