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Abstract

Background—This study aims to assess the relationship of body mass index (BMI) status with 

respiratory conditions, asthma, and chronic obstructive pulmonary disease (COPD) in a state 

population.

Methods—Self-reported data from 11,868 adults aged ≥18 years in the 2012 South Carolina 

Behavioral Risk Factor Surveillance System telephone survey were analyzed using multivariable 

logistic regression that accounted for the complex sampling design and adjusted for sex, age, race/

ethnicity, education, smoking status, physical inactivity, and cancer history.

Results—The distribution of BMI (kg/m2) was 1.5% for underweight (<18.5), 32.3% for normal 

weight (18.5-24.9), 34.6% for overweight (25.0-29.9), 26.5% for obese (30.0-39.9), and 5.1% for 
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morbidly obese (≥40.0). Among respondents, 10.0% had frequent productive cough, 4.3% had 

frequent shortness of breath (SOB), 7.3% strongly agreed that SOB affected physical activity, 

8.4% had current asthma, and 7.4% had COPD. Adults at extremes of body weight were more 

likely to report having asthma or COPD, and to report respiratory conditions. Age-adjusted U-

shaped relationships of BMI categories with current asthma and strongly agreeing that SOB 

affected physical activity, but not U-shaped relationship with COPD, persisted after controlling for 

the covariates (p<0.001). Morbidly obese but not underweight or obese respondents were 

significantly more likely to have frequent productive cough and frequent SOB than normal weight 

adults after adjustment.

Conclusion—Our data confirm that both underweight and obesity are associated with current 

asthma and obesity with COPD. Increased emphasis on exercise and nutrition may improve 

respiratory conditions.
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Introduction

A large number of studies support that obesity is a major risk factor for respiratory 

symptoms and chronic conditions such as cardiovascular disease, asthma, and chronic 

obstructive pulmonary disease (COPD) [1-6]. In addition, a few studies reported that 

underweight was also associated with reduced respiratory function and asthma [7-9]. 

Breathlessness and exercise intolerance are common in clinical studies of patients with 

obesity and/or respiratory conditions [7,10-14]. A U-shaped relationship of body mass index 

(BMI) was reported with dyspnea in men and with symptomatic airway hyper-

responsiveness, which are asthma-related symptoms that include wheezing and dyspnea in 

men [7,8,15,16]. Other studies have not observed a significant relationship between BMI 

and airway hyper-responsiveness [17,18]. However, the existing research on the 

relationships between extremes of BMI with respiratory conditions and respiratory 

symptoms is limited—often because of small sample sizes in clinical studies or exclusion of 

underweight participants or not distinguishing between obesity and morbid obesity 

[7-9,15,16,18-20].

This study aims to assess the relationship of BMI levels with self-reported respiratory 

symptoms and respiratory conditions using the 2012 population-based South Carolina 

Behavioral Risk Factor Surveillance System (BRFSS) survey. While the BRFSS relies on 

self-reported characteristics rather than clinical measurements, it provides the opportunity to 

assess potential relationships in a large general population, which is better representative of 

the heterogeneous types of patients that would enter a physician's office than subjects 

commonly selected for clinical studies.
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Material and Methods

The BRFSS is an annual random-digital-dialed telephone survey that is conducted by state 

health departments in collaboration with the Centers for Disease Control and Prevention 

(CDC) in all 50 states, the District of Columbia, and US territories. The respondents in 

households with either landline or cellular telephones were selected using a complex 

stratified sampling method and new weighting procedures have been adopted since 2011 in 

order to better reflect the nation's health status (http://www.cdc.gov/surveillancepractice/

reports/brfss/brfss.html). The South Carolina (SC) BRFSS in 2012 included questions about 

socio-demographic characteristics, risk behaviors, chronic diseases, respiratory symptoms, 

self-reported height, and self-reported weight. The combined response rate (the number of 

respondents who completed the survey as a proportion of all eligible and likely-eligible 

persons using the American Association of Public Opinion Research Response Rate 

Formula #4) was 48.6% for SC respondents aged ≥18 years in the survey (http://

www.cdc.gov/brfss/annual_data/2012/pdf/

SummaryDataQualityReport2012_20130712.pdf). The survey data do not contain personal 

identification information and this study is a secondary data analysis, which is exempt from 

Institutional Review Board review.

Of 12,795 respondents aged ≥18 years in the 2012 SC BRFSS, 11,868 (92.8%) adults who 

provided complete information were included in this study after exclusion of those missing 

data on sex, age, race/ethnicity, education, body weight and/or body height, smoking status, 

physical inactivity, cancer history, asthma, or COPD.

Respiratory Conditions

A history of COPD was defined as an affirmative response to the question “Has a doctor, 

nurse, or other health professional ever told you that you have chronic obstructive 

pulmonary disease or COPD, emphysema or chronic bronchitis?” Over 76.4% of 

respondents with self-reported COPD also reported having had a breathing test such as 

spirometry. Current asthma was defined for persons who answered in the affirmative to the 

following two questions: “Has a doctor, nurse, or other health professional ever told you that 

you have asthma?” and “Do you still have asthma?” Persons who reported ‘don’t know/not 

sure' as a response to either COPD or asthma were defined as not having been diagnosed 

with that condition. Three respiratory symptom questions are described as follows: 1)“How 

often do you cough up mucus or phlegm?” A frequent productive cough was defined when 

respondents chose either ‘everyday’ or ‘most days a week’ to compare with respondents 

with responses of ‘a few days a month’, ‘only with occasional colds or chest infections’, or 

‘never’; 2)“During the past 30 days, how often did you feel short of breath (SOB)?” 

Frequent SOB was defined when respondents chose either ‘all the time’ or ‘most of the 

time’ to compare to respondents with other responses; and 3)“Thinking about your physical 

activity during the last 12 months, do you agree slightly or strongly, or disagree slightly or 

strongly with the following statement: I do less now than I used to because of my breathing 

problems”, we compared ‘strongly agree’ to respondents with the other responses.
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Body Mass Index (BMI)

All respondents were asked “about how much (pounds) do you weigh without shoes” and 

“About how tall (feet and inches) are you without shoes?” BMI was then calculated as 

kilograms/meter2 and grouped into five categories: underweight (<18.5 kg/m2), normal 

weight (18.5-24.9 kg/m2), overweight (25.0-25.9 kg/m2), obese (30.0-39.9 kg/m2), and 

morbidly obese (≥40.0 kg/m2).

Covariates

Selected socio-demographic characteristics included age (18-24, 25-34, 35-44, 45-64, or ≥65 

years), sex, and race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, or non-

Hispanic other). Respondents were asked the highest grade or year of school completed and 

responses were grouped into less than a high school diploma (≤grade 11), high school 

graduate or equivalent (grade 12 or general education development certificate), and at least 

some college (1 to 3 years college or college ≥4 years).

A history of cancer was defined as an affirmative response to the question “Has a doctor, 

nurse, or other health professional ever told you that you had cancer (excluding skin 

cancer)?” Cancer is often highly associated with underweight so we included a history of 

cancer as a confounder in the model to ascertain whether underweight status was explained 

by comorbid cancer. For these analyses, never smokers were defined by a negative response 

to the first tobacco question “Have you smoked at least 100 cigarettes in your entire life?” 

Former smokers were defined by an affirmative response to the first tobacco question and a 

response of “not at all” to a second tobacco use question, “Do you now smoke cigarettes 

every day, some days, or not at all?” Current smokers were defined by an affirmative 

response to the first question and a response of “every day” or “some days” to the second. 

Physical inactivity was defined by a negative response to “During the past month, other than 

your regular job, did you participate in any physical activities or exercises such as running, 

calisthenics, golf, gardening, or walking for exercise?”

Statistical Analyses

First, we examined the distributions of selected characteristics among study respondents 

overall and then by levels of BMI. We also compared the distribution of BMI levels for 

respondents defined by COPD status and current asthma status. The age-adjusted prevalence 

and 95% confidence interval (CI) of respiratory symptoms, COPD, and asthma by BMI 

levels were obtained from separate logistic regression models that included age as the 

covariate. Finally, we assessed the adjusted prevalence ratios (PR) and 95% CI for the 

likelihood of having respiratory symptoms or respiratory conditions associated with BMI 

levels using a multivariable logistic regression model that included sex, age, race/ethnicity, 

education, current smoking status, and physical inactivity as covariates. We repeated the 

multivariable logistic analyses with the addition of cancer history as a covariate to determine 

whether cancer may confound the relationship, particularly among underweight persons. 

The complex sampling design in this study requires a statistical software that can take into 

account stratification, clustering, and sample weights to obtain more representative estimates 
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of population prevalence and the associated CIs. Therefore, SAS-callable SUDAAN 

(Release 10.0.1, Research Triangle Institute, NC) was used to analyze the data.

Results

Table 1 shows the distribution of selected characteristics among 11,868 adults aged ≥18 

years. Among SC adults, 1.5% were underweight, 32.3% were normal weight, 34.6% were 

overweight, 26.5% were obese, 5.1% were morbidly obese, 23.0% were current smokers, 

24.4% reported physical inactivity in the past month, 10.0% had a frequent productive 

cough, 4.3% had SOB, 7.3% strongly agreed that SOB affected physical activity, 8.4% had 

current asthma, 7.4% had COPD, and 6.6% had a history of cancer. Only 2.6% of the study 

population had both COPD and asthma.

Figure 1 demonstrates that respondents who reported having COPD had a significantly 

higher percentage of obesity (32.0% vs. 26.1%, p=0.01) and morbid obesity (10.3% vs. 

4.7%, p<0.001) but not underweight status (2.4% vs. 1.4%, p=0.10) than those without 

COPD. Similarly, a significantly higher percentage of obesity (36.8% vs. 25.6%, p<0.001) 

and morbid obesity (11.5% vs. 4.5%, p<0.001) but not underweight (2.6% vs. 1.4%, p=0.12) 

was also reported among respondents who had current asthma than those without current 

asthma.

The percentage of selected characteristics by BMI levels are presented in Table 2. Compared 

to persons with normal weight, underweight adults were significantly (p<0.05) more likely 

to have current asthma, COPD, and to strongly agree that SOB affects physical activity. 

Obese or morbidly obese adults were significantly (p<0.05) more likely than adults with 

normal weight to have asthma, COPD, physical inactivity, frequent SOB, and to strongly 

agree that SOB affects physical activity. Overweight, obese and morbidly obese adults were 

significantly (p<0.05) less likely than adults with normal weight to be current smokers. In 

contrast, overweight and obese adults were significantly (p<0.05) more likely than adults 

with normal weight to be former smokers. A history of cancer did not differ by BMI level 

(Table 2). In an age-adjusted logistic regression model, only those who were underweight 

were more likely to have cancer compared to normal weight respondents (PR=1.66; 95% CI:

1.01-2.72); however, that relationship was no longer significant after adjustment for other 

covariates (data not shown).

U-shaped relationships of BMI levels with age-adjusted prevalence of COPD and current 

asthma history were demonstrated in Figure 2 and with the three respiratory symptoms in 

Figure 3.

The modest U-shaped relationships of BMI levels with current asthma and SOB affected 

physical activity persisted (p<0.001) after controlling for the covariates (Table 3). Obese or 

morbidly obese but not underweight respondents were still significantly more likely to have 

COPD than normal weight adults after adjustment for covariates. In addition, morbidly 

obese adults but not obese adults were still significantly more likely to have a frequent 

productive cough and frequent SOB than normal weight adults after the adjustment (Table 

3).
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Discussion

We examined the relationship of BMI with respiratory symptoms, current asthma, and 

COPD in a state-based health survey of nearly 12,000 adults who resided in SC in 2012. The 

data showed that persons who were at extremes of BMI (underweight, obese, or morbidly 

obese) had a higher prevalence of self-reported, provider-diagnosed current asthma and/or 

COPD than persons who were of normal weight. The frequency of respiratory symptoms 

also appeared to differ with BMI level. SOB affecting physical activities was reported most 

often among persons who were underweight (BMI ≤ 18.5 kg/m2) or morbidly obese (BMI ≥ 

40 kg/m2). Morbidly obese persons were also more likely to report frequent SOB than 

respondents with normal weight. The association of obese or morbidly obese with COPD is 

consistent to the results in previous studies [10-13], however, the relationship of 

underweight with asthma is a new finding. These associations persisted after adjustment for 

potential confounders, including age, sex, race/ethnicity, education, smoking status, physical 

activity, and a history of cancer.

The relationship of BMI and obstructive lung diseases is complex and has been extensively 

researched. One particularly important phenotype that has emerged from this research is the 

underweight COPD patient. It has been reported in some clinical studies that 12-25% of 

COPD patients are underweight or cachectic [21,22]. This occurs more frequently in 

advanced disease and is associated with a marked increase in mortality rates [23]. Several 

pathways that can result in COPD patients having low body weight include: 1) having 

baseline low body weight prior to developing COPD [24]; 2) developing low body weight 

due to COPD complications [25,26]; and 3) as observed in our study, a tendency for higher 

rates of current smoking among persons who are underweight and/or have COPD, which is 

consistent with observations from cross-sectional US surveys. One longitudinal study over a 

decade showed that men who have a low BMI have 2.7 fold higher risk of developing 

COPD compared to others [24]. In some COPD patients, advanced disease may lead to 

developing a low BMI from the substantial dyspnea, hypoxia, and inflammation, which 

further raises energy expenditure, decreases energy intake, and leads to nutritional depletion 

and weight loss [27]. In our study, underweight respondents reported SOB affecting physical 

activities more frequently, greater physical inactivity, asthma, and COPD than normal 

weight persons. We also found that persons with low BMI reported the highest rates of 

current smoking. Guerra et al have suggested that a low BMI is related to emphysema while 

obesity is related to chronic bronchitis [28]. However, our study could not address these 

relationships because of survey question limitations in the BRFSS. A recent analysis of 

COPDGene study subjects found that among the 4 different phenotypic clusters of COPD 

patients, the group with relatively low BMI had more extensive evidence of emphysema, 

more severe disease, and frequent exacerbations, and more extensive tobacco use intensity 

[29]. The group that had relatively high BMIs were more likely to be female, had 

predominantly airways disease, lower tobacco use intensity than the low BMI group, and 

relatively less emphysema [29]. Our underweight and morbidly obese subjects share some of 

these same characteristics. Little is published regarding interventions that are able to 

maintain higher body mass in these types of patients. Smoking cessation may be especially 
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important in this type of patient in order to slow progression of COPD and promote weight 

gain.

Another well-studied weight-related phenotype of obstructive lung disease is the obese 

asthmatic. Obesity is an important risk factor for both prevalent and incident asthma [8,30]. 

Our data also show higher asthma prevalence in obese persons; especially in the morbidly 

obese group where there was a three-fold higher rate compared to normal or overweight 

persons. Etiologies for higher rates of asthma in obesity include altered respiratory 

mechanics leading to an increased work of breathing, physical inactivity, increased 

inflammation, and altered responses to drug therapies [16]. Nearly one-half of the morbidly 

obese persons in our survey reported physical inactivity in the last month and frequent SOB 

was two times more likely to occur than in normal weight persons. Previous studies have 

suggested that obesity may increase the resistance of airway and decrease respiratory muscle 

endurance, and further cause dyspnea, wheezing, hypoxia [10,31,32], and even asthma 

[8,16]. In addition, obesity is also highly related to chronic and low-grade inflammation, 

which may contribute to the development of COPD [33]. Although greater dyspnea may be 

associated with obesity and over-diagnosis of asthma may occur, two studies have reported 

that over-diagnosis of asthma in the obese population is not observed to any greater extent 

than in non-obese persons [34,35]. Most studies have defined obese asthma patients as those 

with BMI ≥ 30 kg/m2 and few have compared obese and morbidly obese [18,30,36,37]. One 

study that included both obese and morbidly obese subjects showed that lung volumes were 

incrementally decreased as the BMI increased [38]. Obese and especially morbidly obese 

persons breath at low lung volumes and therefore are more likely to have more severe 

respiratory symptoms compared to non-obese persons. Subsequently, respiratory symptoms 

are often more likely to be reported in the obese asthmatic who has less severe airflow 

obstruction as measured by spirometry. Some studies report that obese or morbidly obese 

females are more likely to be diagnosed with asthma than males [28]. However, this is not 

true in another study [39]. Considering the higher prevalence of obesity in females in the 

general population, there may be a greater number of obese females with asthma. In our 

study population, nearly two-thirds of the morbidly obese group were female, nearly one-

half were African American, and frequent SOB was 2 times more likely among morbidly 

obese than normal weight persons. Although severe disease occurs in less than 10% of all 

asthmatics, one study reported a third of severe asthmatics required chronic oral 

corticosteroid use [40]. Chronic systemic steroid use and associated weight gain could 

contribute to obesity in asthma. Bariatric surgery in morbidly obese persons has led to 

decreased airway hyperreactivity, improved lung volumes, and lessened asthma severity 

[41]. The role of pulmonary rehabilitation in obese COPD patients has been studied and 

compared to lower weight COPD such that obese subjects present with less severe 

impairment in pulmonary function tests and poorer exercise performance, but outcomes 

associated with pulmonary rehabilitation are similar in obese and non-obese persons [42]. 

Another study examining the effects of pulmonary rehabilitation on obese COPD subjects 

showed improvement in some measures such as quality of life, but not 6-minute walk test 

[43].

Unlike the COPD population, relatively few studies have reported that low BMI affects the 

prevalence or severity of asthma [44]. We found that underweight persons were two times as 
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likely to report asthma as were normal or over-weight persons. Schatcher also reported a U-

shaped relationship for asthma where low and very high BMI led to worse asthma symptoms 

as well as increased airway hyper-responsiveness in low BMI, but not morbidly obese BMI 

[18]. One study in China reported more severe asthma in low BMI persons [8] and another 

study in children reported relatively severe asthma in those who were underweight [45]. 

Therefore, additional studies are needed to explore the relationship between low BMI and 

asthma prevalence and severity.

The link between obesity and COPD has become more widely recognized. We found that 

the morbidly obese group reported the highest prevalence of COPD compared to all groups 

except the underweight group. Steuten et al and Eisner reported a higher prevalence of 

obesity in GOLD stage I and II than in the general population [46,47]. Both of these studies 

reported that obesity was more likely to be present in mild to moderate than severe COPD. 

The classic clinical COPD phenotype including “blue bloater” has typically been associated 

with chronic bronchitis in overweight persons [48]. The Tucson prospective cohort study of 

obstructive lung diseases showed a higher prevalence of chronic bronchitis in persons with a 

BMI ≥ 28 kg/m2 [28]. Although frequent productive cough was reported more frequently in 

the morbidly obese persons in our study, this was not statistically different.

The strength of this study is the relatively large sample of adult, which allowed analysis of 

relationship of BMI particularly among underweight or morbidly obese respondents with 

respiratory symptoms and respiratory conditions. A few prior population studies reported 

similar findings only among obese adults [32,49]. However, this study has some limitations. 

First, the BRFSS survey is a cross-sectional study; therefore causal relationships of BMI 

with respiratory symptoms and respiratory conditions cannot be established. Second, the 

analyses relied upon self-reported information from telephone interviews and could not be 

validated with medical record data. Finally, our results, which were obtained from 

households, were only representative of the non-institutionalized population in SC. Persons 

with more severe COPD and respiratory symptoms may be more likely to be residing in 

nursing homes; therefore the observed relationship may be underestimated. However, 

because the BRFSS appears to be a useful tool to describe the relationship between BMI and 

obstructive lung diseases, implementation and analysis of these questions in other states 

would help confirm our findings.

Conclusion

We observed that both underweight and obesity are associated with asthma and obesity with 

COPD from one state population data. In addition, underweight respondents reported much 

higher respiratory symptoms and respiratory conditions. Providing nutritional and smoking 

cessation counseling may help to improve respiratory symptoms and respiratory conditions.
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Figure 1. Distribution of levels of body mass index among adults aged ≥18 years by chronic 
obstructive pulmonary disease and current asthma status: South Carolina, 2012

Liu et al. Page 12

Respir Med. Author manuscript; available in PMC 2016 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Age-adjusted prevalence of chronic obstructive pulmonary disease and current asthma 
among adults aged ≥18 years, by level of body mass index: South Carolina, 2012
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Figure 3. Age-adjusted percentage of frequent productive cough, frequent shortness of breath 
(SOB), and strong agreement that SOB affects physical activity among adults aged ≥18 years, by 
level of body mass index: South Carolina, 2012
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Table 1
The distribution of selected characteristics among 11,868 adults aged ≥18 years: South 
Carolina, 2012

Characteristic Na % (95% CI)b

Sex

 Men 4,777 49.5 (48.2-50.8)

 Women 7,091 50.5 (49.2-51.8)

Age (years)

 18-24 590 13.2 (12.1-14.4)

 25-34 1,115 16.6 (15.6-17.8)

 35-44 1,402 16.4 (15.4-17.5)

 45-64 4,654 34.5 (33.3-35.7)

 65+ 4,107 19.2 (18.4-20.1)

Race

 Non-Hispanic White 7,983 66.8 (65.5-68.1)

 Non-Hispanic Black 3,291 25.6 (24.4-26.7)

 Other/multiracial 594 7.6 ( 6.8- 8.6)

Education

 Less than high school diploma 1,391 16.3 (15.1-17.5)

 High school graduate or equivalent 3,714 30.8 (29.5-32.0)

 At least some college 6,763 53.0 (51.6-54.3)

Smoking status

 Current smokers 2,054 23.0 (21.8-24.2)

 Former smokers 3,501 25.9 (24.8-27.0)

 Never smokers 6,110 51.1 (49.8-52.5)

Physical inactivity in past month 3,184 24.4 (23.3-25.6)

Body Mass Index (BMI, kg/m2)

 Underweight (<18.5) 184 1.5 ( 1.2- 1.9)

 Normal weight (18.5-24.9) 3,639 32.3 (31.0-33.6)

 Overweight (25.0-29.9) 4,255 34.6 (33.3-35.9)

 Obese (30.0-39.9) 3,146 26.5 (25.4-27.7)

 Morbidly obese (≥40.0) 644 5.1 ( 4.6- 5.7)

Chronic Conditions

 Any cancer excluding skin cancer 1,184 6.6 ( 6.1- 7.2)

 Current asthma 942 8.4 ( 7.7- 9.2)

 Chronic obstructive pulmonary disease 1,033 7.4 ( 6.7- 8.1)

Frequent productive cough 1,173 10.0 (9.2-10.8)

Frequent shortness of breath (SOB) 518 4.3 ( 3.8- 4.9)

Strongly agree that shortness of breath affects physical activity 890 7.3 ( 6.6- 8.0)

a
Unweighted sample size.

b
Weighted percentage and 95% confidence interval (CI).
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Table 3
Age-adjusted prevalence and adjusted likelihood of having respiratory symptoms and 
respiratory conditions associated with level of body mass index among adults aged ≥18 
years: South Carolina, 2012

Body Mass Index (kg/m2)

Age-adjusted prevalence Model 1 Model 2

% (95% CI) Adjusted prevalence ratio 
(95% CI)

Adjusted prevalence ratio 
(95% CI)

Chronic Obstructive Pulmonary Disease (COPD)

 Underweight (<18.5) 13.1 ( 7.6-18.6) 1.55 (1.00-2.41) 1.49 (0.95-2.32)

 Normal weight (18.5-24.9) 6.7 ( 5.6- 7.8) 1.00 (referent) 1.00 (referent)

 Overweight (25.0-29.9) 5.7 ( 4.7- 6.7) 0.93 (0.73-1.18) 0.92 (0.73-1.17)

 Obese (30.0-39.9) 8.5 ( 7.2- 9.9) 1.30 (1.03-1.64) 1.29 (1.02-1.64)

 Morbidly obese (≥40.0) 15.4 (11.4-19.4) 2.25 (1.65-3.08) 2.22 (1.62-3.04)

Current Asthma

 Underweight (<18.5) 13.8 ( 6.2-21.3) 2.15 (1.22-3.81) 2.13 (1.21-3.76)

 Normal weight (18.5-24.9) 5.8 ( 4.6- 6.9) 1.00 (referent) 1.00 (referent)

 Overweight (25.0-29.9) 6.4 ( 5.3- 7.5) 1.18 (0.91-1.53) 1.17 (0.90-1.52)

 Obese (30.0-39.9) 11.8 ( 9.9-13.7) 1.99 (1.53-2.57) 1.98 (1.53-2.57)

 Morbidly obese (≥40.0) 18.8 (14.3-23.4) 2.86 (2.08-3.93) 2.84 (2.06-3.91)

Frequent productive cough

 Underweight (<18.5) 14.6 ( 8.5-20.7) 1.40 (0.91-2.13) 1.36 (0.88-2.08)

 Normal weight (18.5-24.9) 9.0 ( 7.7-10.4) 1.00 (referent) 1.00 (referent)

 Overweight (25.0-29.9) 8.9 ( 7.6-10.2) 1.04 (0.84-1.27) 1.03 (0.84-1.27)

 Obese (30.0-39.9) 9.2 ( 7.7-10.6) 1.05 (0.84-1.31) 1.04 (0.83-1.31)

 Morbidly obese (≥40.0) 13.4 ( 9.6-17.2) 1.54 (1.11-2.13) 1.52 (1.10-2.11)

Frequent shortness of breath (SOB)

 Underweight (<18.5) 6.9 ( 2.1-11.7) 1.48 (0.73-2.99) 1.39 (0.70-2.77)

 Normal weight (18.5-24.9) 3.6 ( 2.7- 4.5) 1.00 (referent) 1.00 (referent)

 Overweight (25.0-29.9) 2.7 ( 2.0- 3.4) 0.79 (0.55-1.14) 0.79 (0.55-1.13)

 Obese (30.0-39.9) 4.9 ( 3.9- 6.0) 1.20 (0.87-1.67) 1.20 (0.87-1.65)

 Morbidly obese (≥40.0) 10.2 ( 7.0-13.5) 2.20 (1.43-3.37) 2.13 (1.39-3.29)

Strongly agree that SOB affects physical activity

 Underweight (<18.5) 19.0 ( 9.6-28.5) 2.78 (1.65-4.67) 2.68 (1.57-4.57)

 Normal weight (18.5-24.9) 5.6 ( 4.4- 6.8) 1.00 (referent) 1.00 (referent)

 Overweight (25.0-29.9) 4.7 ( 3.9- 5.5) 0.85 (0.66-1.11) 0.85 (0.65-1.10)

 Obese (30.0-39.9) 9.0 ( 7.6-10.3) 1.38 (1.07-1.79) 1.38 (1.07-1.78)

 Morbidly obese (≥40.0) 13.7 (10.1-17.2) 1.91 (1.33-2.74) 1.87 (1.30-2.69)

Model 1: a multivariable logistic regression model that includes sex, age, race/ethnicity, education, smoking status, and any exercise as covariates 
in addition to body mass index;

Model 2: a multivariable logistic regression model that includes history of cancer (excluding skin cancer) in addition to covariates in model 1;
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