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Abstract

Objective—To assess relationships between obstructive lung diseases, respiratory symptoms, and 

comorbidities by gender.

Methods—Data from 12 594 adult respondents to the 2012 South Carolina Behavioral Risk 

Factor Surveillance System telephone survey were used. Five categories of chronic obstructive 

airway disease (OAD) were defined: former asthma only, current asthma only, chronic obstructive 

pulmonary disease (COPD) only, asthma-COPD overlap syndrome (ACOS), and none. 

Associations of these categories with respiratory symptoms (frequent productive cough, shortness 

of breath, and impaired physical activities due to breathing problems), overall health, and 

comorbidities were assessed using multivariable logistic regression for men and women.

Results—Overall, 16.2% of men and 18.7% of women reported a physician diagnosis of COPD 

and/or asthma. Former asthma only was higher among men than women (4.9% vs. 3.2%, t-test 

p=0.008). Current asthma only was more prevalent among women than men (7.2% vs. 4.7%, 

p<0.001), as was ACOS (4.0% vs. 2.2%, p<0.001). Having COPD only did not differ between 
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women (4.3%) and men (4.4%). Adults with ACOS were most likely to report the 3 respiratory 

symptoms. COPD only and ACOS were associated with higher likelihoods of poor health and 

most comorbidities for men and women. Current asthma only was also associated with these 

outcomes among women, but not among men.

Conclusions—In this large population-based sample, women were more likely than men to 

report ACOS and current asthma, but not COPD alone. Gender differences were evident between 

the OAD groups in sociodemographic characteristics, respiratory symptoms, and comorbidities, as 

well as overall health.
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Introduction

Chronic obstructive pulmonary disease (COPD) and lifetime asthma are diagnosed in 

approximately 6% and 13% of the US adult population, respectively [1,2]. Among adults 

with COPD, between 13% and 55% have been reported to also have asthma, termed asthma/

COPD overlap syndrome (ACOS) [3–6]. According to new guidelines, this overlap 

syndrome is characterized by persistent airflow limitation with several features of both 

asthma and COPD [7,8]. Among published studies, persons labeled with this overlap 

syndrome are reported to experience more frequent healthcare utilization and severe 

impairment than persons with COPD [3,5,6,9–12] or asthma alone [6,11,12].

Gender differences have been reported for persons with asthma, COPD, and ACOS. The 

prevalence of asthma [13] and frequency of respiratory symptoms among those with asthma 

[14,15] are higher in women than men. Although historically males were more likely than 

females to develop COPD, this began to change in the middle of the twentieth century with a 

steady increase in COPD prevalence among women [1,16]. In the past decade, more women 

than men die annually from COPD in the United States [1]. Women appear to be susceptible 

to developing COPD earlier, exhibit greater bronchial reactivity, and experience poorer 

health status than men with the same tobacco exposure [17,18]. Some, but not all, studies 

have reported ACOS to be more common in women; however, no studies have primarily 

focused on the role of gender in ACOS as compared to asthma or COPD [6,10,11,19]. The 

aim of this analysis is to describe the sociodemographic characteristics of persons with 

asthma, COPD, and ACOS and compare the frequency of respiratory symptoms, health 

impairment, and comorbidities in relationship to gender in a state’s general adult population.

Methods

Each year, state health departments collaborate with the Centers for Disease Control and 

Prevention to conduct the Behavioral Risk Factor Surveillance System (BRFSS) survey, a 

random digit-dialed telephone survey of non-institutionalized adults aged ≥18 years [20]. 

The core questionnaire with questions about chronic conditions, health behaviors, and 

sociodemographic and health characteristics is asked of all respondents, but states can also 
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add supplementary questions to their state questionnaire based on their priorities. In 2012, 

the South Carolina (SC) Department of Health and Environmental Control included a series 

of questions referred to as the COPD Risk Assessment module in collaboration with the 

North Carolina COPD Taskforce. These questions were primarily meant to identify 

respondents who might be at high risk of having COPD and included questions about 

respiratory symptoms and lifetime duration of smoking [21,22]. Response rates for BRFSS 

are calculated using standards set by the American Association of Public Opinion Research 

Response Rate Formula #4 [23]. The response rate is the number of respondents who 

completed the survey as a proportion of all eligible and likely-eligible persons. The response 

rate for SC in 2012 was 48.6%, which was higher than the median rate of 45.2% for all 50 

states and DC. For detailed information see the 2012 BRFSS Summary Data Quality Report 

[24]. As a secondary data analysis, this study was exempt from review by an institutional 

review board.

Definition of variables

Obstructive airway disease (OAD) categories—All respondents were asked, “Have 

you ever been told by a doctor, nurse, or other health professional that you have chronic 

obstructive pulmonary disease (COPD), emphysema, or chronic bronchitis?” Individuals 

who responded “yes” were defined as having COPD, while those who responded “no” or 

“don’t know” were defined as not having COPD. All respondents were also asked if they 

had ever been told they had asthma (lifetime asthma). If they responded yes to this asthma 

question, they were also asked if they still had asthma (current asthma). An affirmative 

response to the first asthma question (lifetime asthma), but a response of “no” or “don’t 

know” to the second (current asthma) was defined as former asthma. An affirmative 

response to both asthma questions was defined as current asthma. Based on these responses, 

persons were categorized into OAD categories: neither (neither asthma nor COPD), former 

asthma only (former asthma, no COPD), current asthma only (current asthma, no COPD), 

COPD only (COPD, no asthma), and ACOS (both asthma (either former or current) and 

COPD). All respondents who reported COPD were also asked whether they had ever 

undergone a breathing test to diagnose their COPD, with 78.5% reporting having had a 

diagnostic test but no information on diagnostic findings were obtained.

Respiratory symptoms—Respondents were asked, “During the past 30 days, how often 

did you feel short of breath – would you say all of the time, most of the time, some of the 

time, a little of the time, or none of the time?” We defined frequent shortness of breath 

(SOB) as a response of most of the time or all of the time. Respondents were also asked, 

“How often do you cough up mucus or phlegm?” Possible responses to this question were 

every day, most days a week, a few days a month, only with occasional colds or chest 

infections, and never. Individuals who responded either most days or every day were defined 

as having frequent productive cough. Finally, respondents were asked, “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.” Possible responses included agree strongly, agree slightly, neither 

agree or disagree, disagree slightly, and disagree strongly. If respondents agreed strongly or 
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slightly, they were characterized as agreeing that breathing problems limited their physical 

activity.

Non-respiratory chronic conditions and overall health—In addition to asthma and 

COPD, respondents were also asked whether they had been told by a healthcare professional 

that they had angina or coronary heart disease; diabetes; arthritis, rheumatoid arthritis, gout, 

lupus, or fibromyalgia; cancer (other than skin cancer); a depressive disorder, including 

depression, major depression, dysthymia, or minor depression; or a stroke. Respondents 

were also asked to rate their health as excellent, very good, good, fair, or poor. Frequent 

mental distress was defined as a response of ≥14 days to the question, “Now thinking about 

your mental health, which includes stress, depression, and problems with emotions, for how 

many days during the past 30 days was your mental health not good.” Frequent physical 

distress was defined as a response of ≥14 days to the question, “Now thinking about your 

physical health, which includes physical illness and injury, for how many days during the 

past 30 days was your physical health not good.”

Smoking status—All respondents were asked, “Have you smoked at least 100 cigarettes 

in your entire life?” Persons who responded “no” were categorized as never smokers. 

Persons who responded “yes” were further asked, “Do you now smoke cigarettes every day, 

some days, or not at all?” Persons who responded “not at all” were defined as former 

smokers with the remainder defined as current smokers. Current and former smokers were 

also asked, “Over your lifetime, how many years have you smoked tobacco products?” 

Smoking duration for this study was defined as smoked ≥10 years, smoked <10 years or 

unknown duration, and never smoked.

Other respondent characteristics—Socio-demographic characteristics included 

gender, age, race (white, black, or other/multiracial), and education (less than high school 

diploma; high school graduate or general equivalency diploma; or at least some college). 

Survey respondents’ body mass index (BMI) was calculated from their self-reported weight 

and height (weight [kg]/height [m2]) and used to categorize respondents as underweight 

(BMI <18.5 kg/m2), normal weight (BMI = 18.5–24.9 kg/m2), overweight (BMI = 25.0–

29.9 kg/m2), and obese (BMI = ≥30.0 kg/m2).

Exclusions—In 2012, 12 795 SC adults were surveyed. Respondents were excluded if they 

were missing data on age (n=105), race (n=94), or COPD (n=2) (total excluded=201). The 

final sample size for data analysis included 12 594 adults (94% of adults).

Statistical analysis

All analyses were gender-specific and were conducted using SAS-callable SUDAAN 

(Release 11.0.0, Research Triangle Institute, NC) to account for the complex sampling 

design. First we examined the distribution of selected characteristics among study 

respondents. Then we assessed the unadjusted prevalence and 95% confidence interval (CI) 

of OADs for the total population and by age groups. We also assessed the age-adjusted 

prevalence of each OAD group by sociodemographic and other selected characteristics. T-

tests were used to assess differences in prevalence between subgroups. We then examined 
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the association between OAD group and smoking status, smoking ≥10 years, being obese, 

and having each of the three respiratory symptoms. Using the ADJRR option on the 

PREDMARG statement in PROC RLOGIST, we assessed adjusted prevalences, prevalence 

ratios (PR), and 95% CI in models that adjusted for age, race, and education. The models for 

the respiratory symptoms also included smoking status and BMI category. In addition, 

PRED_EFF statements were used to conduct t-tests for model-adjusted prevalence 

differences between non-referent categories. Finally, we also assessed prevalence, PRs, and 

95% CI for individual chronic diseases, ≥1 non-respiratory chronic disease, and physical and 

mental impairments by OAD group in separate multivariable logistic regression analyses 

that adjusted for age, race, education, BMI category, and smoking status. Statistical 

significance was defined at the p<0.05 level.

Results

Compared with the men, women were slightly older and had higher percentages of black 

respondents and respondents with at least some college education. Women were more likely 

than men to have never smoked; to have a normal BMI or be obese; to report fair/poor 

health, frequent mental distress, and frequent physical distress; and to report having arthritis, 

cancer, depression, as well as at least one non-respiratory chronic condition. Women were 

also more likely than men to report frequent SOB. Men, on the other hand, were more likely 

than women to have smoked ≥10 years, be overweight, and have coronary heart disease. 

Overall, 16.2% of men and 18.7% of women reported a physician diagnosis of COPD and/or 

asthma. Former asthma only was higher among men than women (4.9% vs. 3.2%, p=0.008). 

Current asthma only was more prevalent among women than men (7.2% vs. 4.7%, p<0.001), 

as was ACOS (4.0% vs. 2.2%, p<0.001). Having COPD only did not differ between women 

(4.3%) and men (4.4%) (Table 1). Among respondents with COPD and/or asthma, 13.9% of 

men and 21.2% of women had ACOS.

Women had a higher age-adjusted prevalence of any asthma (former asthma only, current 

asthma only, or ACOS; 14.5% vs. 12.0%, p=0.013) and any COPD (COPD only or ACOS; 

7.6% vs. 6.3%, p=0.050) than men. Men had a higher age-adjusted prevalence of former 

asthma only (5.1% vs. 3.3%, p=0.008), but women had a higher age-adjusted prevalence of 

current asthma only (7.4% vs 4.8%, p<0.001) and ACOS (3.8% vs 2.1%, p<0.001). The age-

adjusted prevalence of COPD only did not differ between men and women (4.2% vs 3.9%, 

p=0.508). Increasing age was associated with lower prevalence of former asthma only and 

current asthma only and higher prevalence of COPD only and ACOS for both men and 

women (all linear trends p<0.05). Among men, black respondents reported current asthma 

only more than white respondents (7.4% vs 3.7%, p=0.003). Among women however, there 

were no differences in any OAD prevalence between black and white respondents. Among 

both men and women, respondents with less than a high school education had a higher 

prevalence of current asthma only, COPD only, and ACOS than respondents with at least 

some college education (p<0.05 for each comparison). Among both men and women, 

prevalence of COPD only was highest for current smokers and lowest for never smokers 

(men: 8.8% vs 1.8%, p<0.001; women: 10.4% vs 1.8%, p<0.001). ACOS prevalence was 

highest for current smokers and lowest for never smokers among women (7.5% vs 2.1%, 

p<0.001), but did not vary significantly by smoking status among men. Among men, the 
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prevalence of COPD only was higher for those who reported smoking ≥10 years (7.6%) than 

for never smokers (1.8%, p<0.001) or those who smoked <10 years (2.9%, p<0.001), with 

no statistically significant difference between never smokers and those who smoked <10 

years. Among women, the prevalence of COPD only was higher for women who smoked 

<10 years compared with never smokers (4.6% vs 1.8%, p=0.002) and higher still for 

women who smoked ≥10 years (8.2% vs 4.6%, p=0.027). The prevalence of ACOS, 

however, was only significantly higher for women who smoked ≥10 years (8.1% vs 3.7% for 

those who smoked <10 years [p=0.002] and 2.1% for never smokers [p<0.001]). Among 

men, prevalence of current asthma only, COPD only, and ACOS varied by BMI. Men who 

were obese were more likely to have current asthma only and ACOS compared to men in the 

normal weight or overweight categories; however, numbers of underweight men were 

relatively small. The prevalence of COPD only was lower among overweight men compared 

with men who were normal weight (3.0% vs 5.7%, p=0.009). Among women, BMI was only 

associated with ACOS prevalence, with women who were obese having a higher prevalence 

(5.9%) than women who were normal weight (2.1%, p<0.001) or overweight (3.0%, 

p=0.001) (Table 2).

Among men, the likelihood of current smoking was higher for those with COPD only 

(PR=2.1 [95% CI: 1.7–2.5]), but not those with ACOS, compared to men with no OAD. 

Women with COPD only (PR=2.4 [95% CI: 1.9–3.0] or ACOS (PR=2.0 [95% CI: 1.6–2.6]) 

were more likely to be current smokers than women with no OAD. Likelihood of former 

smoking did not vary by OAD category among men, but was higher among women with 

ACOS compared to those with no OAD (PR=1.2 [95% CI: 1.001–1.6]). Among both men 

and women, the likelihood of having smoked ≥10 years was higher for those who had COPD 

only (men: PR=1.8 [95% CI: 1.6–2.1]; women: PR=2.1 [95% CI: 1.8–2.5]) or ACOS (men: 

PR=1.6 [95% CI: 1.3–2.1]; women: PR=2.1 [95% CI: 1.7–2.5]) compared to those with no 

OAD. Among both men and women, the likelihood of obesity was higher for groups with 

current asthma only (men: PR=1.7 [95% CI: 1.4–2.1]; women: PR=1.2 [95% CI: 1.03–1.5]) 

or ACOS (men: PR=1.7 [95% CI: 1.3–2.3]; women: PR=1.6 [95% CI: 1.4–1.9]), but not 

former asthma only or COPD only, compared to the no OAD group. Among men, the 

likelihood of each respiratory symptom was higher for those in the COPD only (frequent 

productive cough: PR=3.5 [95% CI: 2.5–4.7]; frequent SOB: PR=6.4 [95% CI: 4.1–10.1]; 

limited physical activity: PR=3.5 [95% CI: 2.7–4.4]) and ACOS groups (frequent productive 

cough: PR=3.8 [95% CI: 2.7–5.5]; frequent SOB: PR=14.2 [95% CI: 9.2–22.1]; limited 

physical activity: PR=6.1 [95% CI: 4.6–8.1]) compared with those with no OAD. The 

difference was especially notable for frequent SOB. In addition, the likelihood of limited 

activity due to breathing problems was higher for those with current asthma only compared 

to those with no airway disease (PR=1.8 [95% CI: 1.2–2.8]). However, neither frequent 

productive cough nor frequent SOB was elevated for this group. The adjusted prevalence of 

each respiratory symptom was also higher for those with ACOS compared with current 

asthma alone (frequent productive cough: 34.9% vs 10.2%, p<0.001; frequent SOB: 29.2% 

vs 2.5%, p<0.001; limited physical activity: 67.1% vs 20.0%, p<0.001). Compared to the 

COPD alone group, the prevalence of frequent SOB (29.2% vs 13.2%, p=0.002) and limited 

physical activity (67.1% vs 38.0%, p=0.001) was higher for those with ACOS. Among 

women, the likelihood of each respiratory symptom was higher in the current asthma only 
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(frequent productive cough: PR=2.9 [95% CI: 2.1–4.0]; frequent SOB: PR=6.0 [95% CI: 

3.7–9.6]; limited physical activity: PR=3.7 [95% CI: 3.0–4.7]), COPD only (frequent 

productive cough: PR=3.9 [95% CI: 2.9–5.1]; frequent SOB: PR=4.7 [95% CI: 3.0–7.5]; 

limited physical activity: PR=4.0 [95% CI: 3.1–5.2]), and ACOS groups (frequent 

productive cough: PR=6.2 [95% CI: 4.8–8.0]; frequent SOB: PR=11.3 [95% CI: 7.6–16.9]; 

limited physical activity: PR=6.0 [95% CI: 5.0–7.2]) compared with the group with no 

airway disease. The adjusted prevalence of each respiratory symptom was also higher for 

those with ACOS compared with either current asthma alone (frequent productive cough: 

38.0% vs 17.7%, p<0.001; frequent SOB: 26.9% vs 14.2%, p=0.005; limited physical 

activity: 55.9% vs 34.7%, p<0.001) or COPD alone (frequent productive cough: 38.0% vs 

23.9%, p=0.003; frequent SOB: 26.9% vs 11.3%, p<0.001; limited physical activity: 55.9% 

vs 37.6%, p=0.002). As among the men, the association with airway disease was strongest 

for frequent SOB (Table 3).

Among men, current asthma only was not associated with increased likelihood of poor 

overall health or any chronic health condition compared with the group with neither airway 

disease. However, former asthma only was associated with a higher likelihood of diabetes 

(PR=1.5 [95% CI: 1.01–2.2]) and depression (PR=1.9 [95% CI: 1.2–3.0]). Men with COPD 

only had a higher likelihood of the three poor overall health measures (fair/poor health: 

PR=2.2 [95% CI: 1.7–2.8]; frequent mental distress: PR=2.3 [95% CI: 1.6–3.4]; frequent 

physical distress: PR=2.5 [95% CI: 1.8–3.3]) as well as coronary heart disease (CHD) 

(PR=2.8 [95% CI: 2.0–4.1]), arthritis (PR=1.7 [95% CI: 1.4–2.2]), cancer (PR=1.7 [95% CI: 

1.2–2.6]), and depression (PR=2.2 [95% CI: 1.6–3.1]). Men with ACOS had a higher 

likelihood of the three poor overall health measures (fair/poor health: PR=3.3 [95% CI: 2.6–

4.2]; frequent mental distress: PR=2.9 [95% CI: 1.9–4.5]; frequent physical distress: PR=4.7 

[95% CI: 3.5–6.2]) and all chronic health conditions except cancer (PR ranged from 1.8 for 

diabetes to 3.4 for depression) compared with the group with no airway disease. In addition, 

compared to men with COPD only, men with ACOS reported a higher prevalence of fair/

poor health (52.7% vs 34.5%, p=0.008), frequent physical distress (46.5% vs 24.6%, 

p=0.001), and at least one non-respiratory chronic disease (74.0% vs 55.7%, p=0.024). 

Among women, the current asthma only, COPD only, and ACOS groups had higher 

likelihoods of the three poor overall health measures compared to women with no OAD. 

Compared to women with no OAD, women with former asthma had a higher likelihood of 

cancer (PR=1.8 [95% CI: 1.03–3.1]) and depression (PR=1.6 [95% CI: 1.2–2.1], but not of 

any of the poor overall health measures or other chronic health conditions. Women with 

current asthma only or COPD only had higher likelihood of all of the chronic health 

conditions except cancer, while those with ACOS had a higher likelihood of all of the 

chronic health conditions. Additionally, compared to women with current asthma only, those 

with ACOS had a higher prevalence of fair/poor health (48.4% vs 31.5%, p=0.001), frequent 

mental distress (28.6% vs 18.7%, p=0.033), frequent physical distress (34.9% vs 23.6%, 

p=0.019), cancer (18.2% vs 8.1%, p=0.001), depression (41.3% vs 28.3%, p=0.010), and at 

least one non-respiratory chronic disease (76.3% vs 60.6%, p=0.004). The PRs for ACOS 

were generally similar to those for COPD only; however, the adjusted prevalence of cancer 

was higher among women with ACOS compared to those with COPD only (18.2% vs 

10.4%, p=0.009) (Table 4).
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Discussion

We undertook an analysis of a state’s health survey (2012 SC BRFSS) in more than 10,000 

adults that included questions about socio-demographics, health behaviors, respiratory 

symptoms, major chronic diseases, and health impairment. Although the unadjusted 

prevalence of ACOS was low (2.2% in men and 4.0% in women) among adults in South 

Carolina, ACOS was reported by one of every six adults (13.9% in men and 21.2% in 

women) who had either COPD or asthma. Gender differences were evident between the four 

OAD groups in disease prevalence, socio-demographic characteristics, smoking history, and 

comorbidities as well as health status and impairment.

In our study, the prevalence of current asthma only (4.7% of men and 7.2% of women), 

COPD only (4.4% of men and 4.3% of women), and ACOS (2.2% of men and 4.0% of 

women) are consistent with most other studies. Among two US, one Asian, one Latin 

American, and two European cross-sectional studies, the prevalence of asthma only, COPD 

only, and ACOS ranged from 1.7–6.2%, 3.1–11.7%, and 1.8–2.7%, respectively 

[3,5,6,12,19]. This and other studies show that women are more likely than men to have 

ACOS [3,6,12,25]. In prevalence studies that did not evaluate ACOS, women were more 

likely than men to have current asthma [13] and COPD [1]. In our study, women were also 

more likely than men to report any asthma (represented in either asthma only group and the 

ACOS group) and COPD (represented in the COPD only and ACOS groups). An Italian 

study that included an ACOS group [6] reported that prevalence of ever asthma or COPD 

was not significantly different by gender, whereas the PLATINO study reported that 75% of 

the asthma only group was female [5]. Some studies reporting characteristics of patients 

with ACOS show a younger mean age compared to those with COPD alone [10,12,25], 

whereas others did not [3,26]. In the current study, women with ACOS were younger than 

those with COPD only (mean age 52.8 years vs. 58.4 years, p<0.01), although there was no 

significant age difference for men. The prevalence of asthma and COPD, and likely other 

characteristics of these patient types, may be affected by whether individuals with ACOS are 

considered a separate group.

Why some patients with asthma or COPD go on to develop ACOS may be related to unique 

immunological responses, genetic predisposition, or other factors. Adults with asthma, even 

after adjusting for smoking history, are at a 12-fold higher risk of developing COPD than 

those without asthma [27]. This finding may explain why the prevalence of ACOS in our 

study was higher among women, who are also more likely to have asthma. A recent study 

evaluated whether expression of asthma-associated gene signatures (T helper type 2) were 

increased in COPD patients and found that higher scores were associated with worse lung 

function and more “asthma-like” features, but not with asthma history [28]. In a group of 

3500 subjects who were part of the Genetic Epidemiology of COPD (COPDGene) study, 

several genetic variants associated with ACOS approached genome-wide significance, 

although the authors hypothesized that the study was underpowered for that portion of their 

analysis [10].

Prior studies have indicated that women are more susceptible than men to the effects of 

tobacco smoking [29–31]. In our study, men who smoked <10 years did not have a higher 
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prevalence of COPD only or ACOS than never smokers. However, compared to never 

smokers, women who smoked <10 years had a higher prevalence of COPD only, with an 

even higher prevalence for those who smoked ≥10 years. Of note, the prevalence of ACOS 

among those who smoked ≥10 years was more than double for women compared to men. 

When limiting our analyses to never smokers only, men and women had a similar prevalence 

of COPD only and ACOS.

A number of studies support that obesity and weight gain are a major risk factor for declines 

in lung function [32–34], respiratory symptoms [35,36], asthma [37], and COPD [35], 

although some studies have observed a lower risk for COPD, especially emphysema, with 

obesity [38,39]. In the current study, obesity was more common in the current asthma only 

and ACOS groups. With respect to gender, three studies observed that the association 

between FEV1 decline and obesity or weight gain were stronger for men than women [32–

34]. Guerra et al. however observed an association between excess weight and asthma 

among women only [37]. We noted a slightly stronger association between obesity and 

current asthma only for men than women, but similar associations for the ACOS group.

Prior to our study, no other publication has described the frequency and type of respiratory 

symptoms in relationship to gender in a population that distinguished asthma, COPD, and 

ACOS. In our study, the most common respiratory symptom reported was limitation of 

physical activity due to breathing problems, followed by frequent productive cough, and 

then frequent SOB; the latter was reported more commonly by women. In other general 

adult population studies, women reported respiratory symptoms more often than men 

[40,41]. We observed that both men and women with COPD only were more likely than 

those without OAD to report respiratory symptoms, while the risk was even higher for those 

with ACOS. Current asthma only was associated with frequent productive cough and 

frequent SOB among women, but not among men. Although frequent SOB was not reported 

as often as the other respiratory symptoms among the respondents in our study, frequent 

SOB was very evident in ACOS (PR > 11) and COPD (PR > 4) compared to no OAD. Other 

groups have also shown greater risk of respiratory symptoms in ACOS than COPD [5,6] and 

asthma [6,42].

Other studies have reported that health impairment is more frequent and severe in patients 

with ACOS compared to other OAD [3,19,26]. We found that OADs increased the likelihood 

of poor health status and frequent mental and physical distress, but with some differences by 

gender. Among men, although the likelihood of each of these measures was significantly 

higher for the COPD only and ACOS groups than the no OAD group, only the likelihood of 

frequent physical distress was significantly higher for those with ACOS compared to COPD 

only. Among women, the likelihood of these three measures was higher for the current 

asthma only, COPD only, and ACOS groups compared to the no OAD group, but the 

likelihood of fair/poor health and frequent physical distress was comparable for the ACOS 

and COPD only groups.

Comorbidities have been reported to be more common in ACOS than COPD [19,25] and 

asthma [11,19]. It is known that COPD alone increases the risk of comorbidities [43,44]. We 

found that most non-respiratory comorbidities were more common in the COPD only and 
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ACOS groups than in persons with no OAD among both men and women. However in 

general, we found that the current asthma only group was similar to the no OAD group 

among men, but more similar to the COPD only and ACOS groups among women. Both 

men and women with ACOS or COPD only in our study reported higher rates of coronary 

heart disease compared to respondents with no OAD. An increased risk of coronary heart 

disease in COPD has been previously reported [45]. Systemic effects of airway 

inflammation may play a role in some non-pulmonary diseases such as coronary artery 

disease [45,46]. Compared to respondents with no OAD, men with COPD only and women 

with former asthma only or ACOS had a higher likelihood of cancer. In the only other study 

of ACOS reporting cancer history, there was no difference in rates of cancer between ACOS 

and COPD [25]. Due to the low prevalence of cancer in our sample and therefore unreliable 

estimates, we were not able to compare cancer prevalence in the COPD only and ACOS 

groups.

This study was subject to some limitations. First, this was a cross-sectional study; therefore 

we could not confirm causality in the relationships between OAD and the other variables in 

the study. Second, all the information on OAD and other chronic condition diagnoses was 

self-reported. There is evidence that similar questions asking about physician diagnoses of 

COPD, emphysema, and chronic bronchitis have high specificity and low sensitivity [47], 

which would result in misclassification of individuals with COPD as not having COPD. This 

would tend to bias estimates towards the null. Third, the study population is representative of 

non-institutionalized adults in South Carolina. Therefore, individuals with more severe 

OADs and other chronic conditions may reside in facilities that are not included in the 

survey.

Conclusion

Although there may never be a clear distinction between asthma, COPD, and ACOS in all 

patients, it is imperative to undertake research to better understand the phenotypic and 

genotypic characteristics of this population as well as the most effective interventions to 

minimize impact. In this study of more than 10 000 adults in South Carolina, ACOS was an 

important phenotype of OAD and compared to asthma or COPD alone sometimes exhibited 

the most substantial health impairment, respiratory symptoms, and a higher frequency of 

comorbidities. Gender differences were evident regarding the prevalence of the OAD groups, 

sociodemographic characteristics, smoking history, and comorbidities as well as health 

status and impairment. The principal difference was in the association of current asthma 

only with respiratory symptoms and comorbidities, with this group being more comparable 

to the no OAD group among men but with the COPD only and ACOS groups among 

women. Inclusion of an ACOS group has a significant impact on the reported characteristics 

of persons with asthma or COPD alone. This study provides useful information about the 

prevalence, patient characteristics, and respiratory symptoms in persons with asthma and/or 

COPD in relationship to gender in a US state’s adult population. This type of data may assist 

in methodologies for clinical and population health research. Clearly, it is necessary to 

continue to re-evaluate the view of COPD and asthma as distinct diseases, and to consider 

circumstances where characteristics of both exist in the same patient, such as an asthmatic 

with significant smoking history or prolonged, excessive bronchial hyper-reactivity [48].

Wheaton et al. Page 10

J Asthma. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References

1. Ford ES, Croft JB, Mannino DM, Wheaton AG, Zhang X, Giles WH. COPD surveillance-United 
States, 1999–2011. Chest. 2013; 144:284–305. [PubMed: 23619732] 

2. American Lung Association. Epidemiology and Statistics Unit. Trends in Asthma Morbidity and 
Mortality. 2012. Available from: http://www.lung.org/finding-cures/our-research/trend-reports/
asthma-trend-report.pdf

3. Miravitlles M, Soriano JB, Ancochea J, Munoz L, Duran-Tauleria E, Sanchez G, Sobradillo V, 
Garcia-Rio F. Characterisation of the overlap COPD-asthma phenotype. Focus on physical activity 
and health status. Respir Med. 2013; 107:1053–60. [PubMed: 23597591] 

4. Marsh SE, Travers J, Weatherall M, Williams MV, Aldington S, Shirtcliffe PM, Hansell AL, Nowitz 
MR, McNaughton AA, Soriano JB, Beasley RW. Proportional classifications of COPD phenotypes. 
Thorax. 2008; 63:761–7. [PubMed: 18728201] 

5. Menezes AM, Montes de Oca M, Perez-Padilla R, Nadeau G, Wehrmeister FC, Lopez-Varela MV, 
Muino A, Jardim JR, Valdivia G, Talamo C. Increased risk of exacerbation and hospitalization in 
subjects with an overlap phenotype: COPD-asthma. Chest. 2014; 145:297–304. [PubMed: 
24114498] 

6. de Marco R, Pesce G, Marcon A, Accordini S, Antonicelli L, Bugiani M, Casali L, Ferrari M, 
Nicolini G, Panico MG, Pirina P, Zanolin ME, Cerveri I, Verlato G. The coexistence of asthma and 
chronic obstructive pulmonary disease (COPD): prevalence and risk factors in young, middle-aged 
and elderly people from the general population. PLoS One. 2013; 8:e62985. [PubMed: 23675448] 

7. Global Initiative for Asthma/Global Initiative for Chronic Obstructive Lung Disease. Diagnosis of 
diseases of chronic airflow limitation: asthma, COPD and asthma-COPD overlap syndrome 
(ACOS). 2014. Available from: http://www.goldcopd.org/asthma-copd-overlap.html

8. Soler-Cataluna JJ, Cosio B, Izquierdo JL, Lopez-Campos JL, Marin JM, Aguero R, Baloira A, 
Carrizo S, Esteban C, Galdiz JB, Gonzalez MC, Miravitlles M, Monso E, Montemayor T, Morera J, 
Ortega F, Peces-Barba G, Puente L, Rodriguez JM, Sala E, Sauleda J, Soriano JB, Viejo JL. 
Consensus document on the overlap phenotype COPD-asthma in COPD. Arch Bronconeumol. 
2012; 48:331–7. [PubMed: 22341911] 

9. Hardin M, Silverman EK, Barr RG, Hansel NN, Schroeder JD, Make BJ, Crapo JD, Hersh CP. 
Investigators CO. The clinical features of the overlap between COPD and asthma. Respir Res. 2011; 
12:127. [PubMed: 21951550] 

10. Hardin M, Cho M, McDonald ML, Beaty T, Ramsdell J, Bhatt S, van Beek EJ, Make BJ, Crapo 
JD, Silverman EK, Hersh CP. The clinical and genetic features of COPD-asthma overlap 
syndrome. Eur Respir J. 2014; 44:341–50. [PubMed: 24876173] 

11. Chung JW, Kong KA, Lee JH, Lee SJ, Ryu YJ, Chang JH. Characteristics and self-rated health of 
overlap syndrome. Int J Chron Obstruct Pulmon Dis. 2014; 9:795–804. [PubMed: 25092973] 

12. Diaz-Guzman E, Khosravi M, Mannino DM. Asthma, chronic obstructive pulmonary disease, and 
mortality in the U.S. population. COPD. 2011; 8:400–7. [PubMed: 22149399] 

13. Moorman JE, Akinbami LJ, Bailey CM, Zahran HS, King ME, Johnson CA, Liu X. National 
surveillance of asthma: United States, 2001–2010. Vital Health Stat. 2012; 3:1–67.

14. Brand PL, Rijcken B, Schouten JP, Koeter GH, Weiss ST, Postma DS. Perception of airway 
obstruction in a random population sample. Relationship to airway hyperresponsiveness in the 
absence of respiratory symptoms. Am Rev Respir Dis. 1992; 146:396–401. [PubMed: 1489130] 

15. Zillmer LR, Gazzotti MR, Nascimento OA, Montealegre F, Fish J, Jardim JR. Gender differences 
in the perception of asthma and respiratory symptoms in a population sample of asthma patients in 
four Brazilian cities. J Bras Pneumol. 2014; 40:591–8. [PubMed: 25610499] 

16. Mannino DM, Homa DM, Akinbami LJ, Ford ES, Redd SC. Chronic obstructive pulmonary 
disease surveillance--United States, 1971–2000. MMWR Surveill Summ. 2002; 51:1–16.

17. Silverman EK, Weiss ST, Drazen JM, Chapman HA, Carey V, Campbell EJ, Denish P, Silverman 
RA, Celedon JC, Reilly JJ, Ginns LC, Speizer FE. Gender-related differences in severe, early-
onset chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 2000; 162:2152–8. 
[PubMed: 11112130] 

Wheaton et al. Page 11

J Asthma. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.lung.org/finding-cures/our-research/trend-reports/asthma-trend-report.pdf
http://www.lung.org/finding-cures/our-research/trend-reports/asthma-trend-report.pdf
http://www.goldcopd.org/asthma-copd-overlap.html


18. Foreman MG, Zhang L, Murphy J, Hansel NN, Make B, Hokanson JE, Washko G, Regan EA, 
Crapo JD, Silverman EK, DeMeo DL. Investigators CO. Early-onset chronic obstructive 
pulmonary disease is associated with female sex, maternal factors, and African American race in 
the COPDGene Study. Am J Respir Crit Care Med. 2011; 184:414–20. [PubMed: 21562134] 

19. Pleasants RA, Ohar JA, Croft JB, Liu Y, Kraft M, Mannino DM, Donohue JF, Herrick HL. Chronic 
obstructive pulmonary disease and asthma-patient characteristics and health impairment. COPD. 
2014; 11:256–66. [PubMed: 24152212] 

20. The BRFSS Data User Guide [Internet]. Atlanta (GA): Centers for Disease Control and Prevention; 
2013. Available from: http://www.cdc.gov/brfss/data_documentation/pdf/userguidejune2013.pdf 
[Accessed 2015 Nov 24]

21. Pleasants RA, Heidari K, Wheaton AG, Ohar JA, Strange C, Croft JB, Liao W, Mannino DM, Kraft 
M. Targeting persons with or at high risk for chronic obstructive pulmonary disease by state-based 
surveillance. COPD. 2015:12. In press. 

22. Liu Y, Pleasants RA, Croft JB, Wheaton AG, Heidari K, Malarcher AM, Ohar JA, Kraft M, 
Mannino DM, Strange C. Smoking duration, respiratory symptoms, and chronic obstructive 
pulmonary disease among adults aged ≥45 years with a smoking history. Int J Chron Obstruct 
Pulmon Dis. 2015; 10:1409–16. [PubMed: 26229460] 

23. The American Association for Public Opinion Research. Standard Definitions: Final Dispositions 
of Case Codes and Outcome Rates for Surveys. 7. AAPOR; 2015. [Internet]Available from: http://
www.aapor.org/AAPORKentico/Communications/AAPOR-Journals/Standard-Definitions.aspx 
[Accessed 2015 Nov 24]

24. Behavioral Risk Factor Surveillance System 2012 Summary Data Quality Report [Internet]. 
Atlanta (GA): Centers for Disease Control and Prevention; 2013. Available from: http://
www.cdc.gov/brfss/annual_data/2012/pdf/SummaryDataQualityReport2012_20130712.pdf 
[Accessed 2015 Nov 24]

25. Blanchette CM, Gutierrez B, Ory C, Chang E, Akazawa M. Economic burden in direct costs of 
concomitant chronic obstructive pulmonary disease and asthma in a Medicare Advantage 
population. J Manag Care Pharm. 2008; 14:176–85. [PubMed: 18331119] 

26. Kauppi P, Kupiainen H, Lindqvist A, Tammilehto L, Kilpelainen M, Kinnula VL, Haahtela T, 
Laitinen T. Overlap syndrome of asthma and COPD predicts low quality of life. J Asthma. 2011; 
48:279–85. [PubMed: 21323613] 

27. Silva GE, Sherrill DL, Guerra S, Barbee RA. Asthma as a risk factor for COPD in a longitudinal 
study. Chest. 2004; 126:59–65. [PubMed: 15249443] 

28. Christenson SA, Steiling K, van den Berge M, Hijazi K, Hiemstra PS, Postma DS, Lenburg ME, 
Spira A, Woodruff PG. Asthma-COPD overlap. Clinical relevance of genomic signatures of type 2 
inflammation in chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 2015; 
191:758–66. [PubMed: 25611785] 

29. Langhammer A, Johnsen R, Holmen J, Gulsvik A, Bjermer L. Cigarette smoking gives more 
respiratory symptoms among women than among men. The Nord-Trondelag Health Study 
(HUNT). J Epidemiol Community Health. 2000; 54:917–22. [PubMed: 11076988] 

30. Gan WQ, Man SF, Postma DS, Camp P, Sin DD. Female smokers beyond the perimenopausal 
period are at increased risk of chronic obstructive pulmonary disease: a systematic review and 
meta-analysis. Respir Res. 2006; 7:52. [PubMed: 16571126] 

31. Ben-Zaken Cohen S, Pare PD, Man SF, Sin DD. The growing burden of chronic obstructive 
pulmonary disease and lung cancer in women: examining sex differences in cigarette smoke 
metabolism. Am J Respir Crit Care Med. 2007; 176:113–20. [PubMed: 17413125] 

32. Carey IM, Cook DG, Strachan DP. The effects of adiposity and weight change on forced expiratory 
volume decline in a longitudinal study of adults. Int J Obes Relat Metab Disord. 1999; 23:979–85. 
[PubMed: 10490805] 

33. Chen Y, Horne SL, Dosman JA. Body weight and weight gain related to pulmonary function 
decline in adults: a six year follow up study. Thorax. 1993; 48:375–80. [PubMed: 8511735] 

34. Chinn S, Jarvis D, Melotti R, Luczynska C, Ackermann-Liebrich U, Anto JM, Cerveri I, de Marco 
R, Gislason T, Heinrich J, Janson C, Kunzli N, Leynaert B, Neukirch F, Schouten J, Sunyer J, 

Wheaton et al. Page 12

J Asthma. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cdc.gov/brfss/data_documentation/pdf/userguidejune2013.pdf
http://www.aapor.org/AAPORKentico/Communications/AAPOR-Journals/Standard-Definitions.aspx
http://www.aapor.org/AAPORKentico/Communications/AAPOR-Journals/Standard-Definitions.aspx
http://www.cdc.gov/brfss/annual_data/2012/pdf/SummaryDataQualityReport2012_20130712.pdf
http://www.cdc.gov/brfss/annual_data/2012/pdf/SummaryDataQualityReport2012_20130712.pdf


Svanes C, Vermeire P, Wjst M, Burney P. Smoking cessation, lung function, and weight gain: a 
follow-up study. Lancet. 2005; 365:1629–35. discussion 00-1. [PubMed: 15885295] 

35. Garcia-Rio F, Soriano JB, Miravitlles M, Munoz L, Duran-Tauleria E, Sanchez G, Sobradillo V, 
Ancochea J. Impact of obesity on the clinical profile of a population-based sample with chronic 
obstructive pulmonary disease. PLoS One. 2014; 9:e105220. [PubMed: 25153331] 

36. Zutler M, Singer JP, Omachi TA, Eisner M, Iribarren C, Katz P, Blanc PD. Relationship of obesity 
with respiratory symptoms and decreased functional capacity in adults without established COPD. 
Prim Care Respir J. 2012; 21:194–201. [PubMed: 22453663] 

37. Guerra S, Sherrill DL, Bobadilla A, Martinez FD, Barbee RA. The relation of body mass index to 
asthma, chronic bronchitis, and emphysema. Chest. 2002; 122:1256–63. [PubMed: 12377850] 

38. Watson L, Vonk JM, Lofdahl CG, Pride NB, Pauwels RA, Laitinen LA, Schouten JP, Postma DS. 
Predictors of lung function and its decline in mild to moderate COPD in association with gender: 
results from the Euroscop study. Respir Med. 2006; 100:746–53. [PubMed: 16199147] 

39. Gu S, Li R, Leader JK, Zheng B, Bon J, Gur D, Sciurba F, Jin C, Pu J. Obesity and extent of 
emphysema depicted at CT. Clin Radiol. 2015; 70:e14–9. [PubMed: 25703460] 

40. Gronseth R, Vollmer WM, Hardie JA, Olafsdottir IS, Lamprecht B, Buist AS, Gnatiuc L, Gulsvik 
A, Johannessen A, Enright P. Predictors of dyspnoea prevalence: results from the BOLD study. Eur 
Respir J. 2014; 43:1610–20. [PubMed: 24176991] 

41. Lopez Varela MV, Montes de Oca M, Halbert RJ, Muino A, Perez-Padilla R, Talamo C, Jardim JR, 
Valdivia G, Pertuze J, Moreno D, Menezes AM, Team P. Sex-related differences in COPD in five 
Latin American cities: the PLATINO study. Eur Respir J. 2010; 36:1034–41. [PubMed: 20378599] 

42. Fingleton J, Travers J, Williams M, Charles T, Bowles D, Strik R, Shirtcliffe P, Weatherall M, 
Beasley R. New Zealand Respiratory Health Survey Study G. Treatment responsiveness of 
phenotypes of symptomatic airways obstruction in adults. J Allergy Clin Immunol. 2015

43. Mannino DM, Aguayo SM, Petty TL, Redd SC. Low lung function and incident lung cancer in the 
United States: data From the First National Health and Nutrition Examination Survey follow-up. 
Arch Intern Med. 2003; 163:1475–80. [PubMed: 12824098] 

44. Mannino DM, Thorn D, Swensen A, Holguin F. Prevalence and outcomes of diabetes, hypertension 
and cardiovascular disease in COPD. Eur Respir J. 2008; 32:962–9. [PubMed: 18579551] 

45. Cavailles A, Brinchault-Rabin G, Dixmier A, Goupil F, Gut-Gobert C, Marchand-Adam S, 
Meurice JC, Morel H, Person-Tacnet C, Leroyer C, Diot P. Comorbidities of COPD. Eur Respir 
Rev. 2013; 22:454–75. [PubMed: 24293462] 

46. Agusti A, Faner R. Systemic inflammation and comorbidities in chronic obstructive pulmonary 
disease. Proc Am Thorac Soc. 2012; 9:43–6. [PubMed: 22550240] 

47. Murgia N, Brisman J, Claesson A, Muzi G, Olin AC, Toren K. Validity of a questionnaire-based 
diagnosis of chronic obstructive pulmonary disease in a general population-based study. BMC 
Pulm Med. 2014; 14:49. [PubMed: 24650114] 

48. Ghebre MA, Bafadhel M, Desai D, Cohen SE, Newbold P, Rapley L, Woods J, Rugman P, Pavord 
ID, Newby C, Burton PR, May RD, Brightling CE. Biological clustering supports both “Dutch” 
and “British” hypotheses of asthma and chronic obstructive pulmonary disease. J Allergy Clin 
Immunol. 2015; 135:63–72. [PubMed: 25129678] 

Wheaton et al. Page 13

J Asthma. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wheaton et al. Page 14

Ta
b

le
 1

D
is

tr
ib

ut
io

n 
of

 s
el

ec
te

d 
ch

ar
ac

te
ri

st
ic

s 
of

 th
e 

ad
ul

t s
tu

dy
 p

op
ul

at
io

n 
ag

ed
 ≥

18
 y

ea
rs

, b
y 

ge
nd

er
: S

ou
th

 C
ar

ol
in

a 
B

eh
av

io
ra

l R
is

k 
Fa

ct
or

 S
ur

ve
ill

an
ce

 

Sy
st

em
, 2

01
2

C
ha

ra
ct

er
is

ti
c

M
en

W
om

en

p-
va

lu
ec

na
%

b  
(9

5%
 C

I)
na

%
b  

(9
5%

 C
I)

To
ta

l
4,

90
0

10
0.

0
7,

69
4

10
0.

0

A
ge

 (
ye

ar
s)

 
18

–4
4

1,
38

7
48

.1
 (

46
.1

–5
0.

1)
1,

89
2

44
.4

 (
42

.8
–4

6.
0)

0.
00

7

 
45

–6
4

1,
91

4
34

.3
 (

32
.4

–3
6.

1)
2,

98
5

34
.4

 (
32

.9
–3

5.
9)

0.
91

4

 
≥6

5
1,

59
9

17
.6

 (
16

.5
–1

8.
9)

2,
81

7
21

.2
 (

20
.2

–2
2.

3)
<

0.
00

1

 
M

ea
n 

ag
e 

(S
E

)
46

.1
 (

0.
4)

48
.1

 (
0.

3)
<

0.
00

1

R
ac

e

 
W

hi
te

3,
47

2
68

.5
 (

66
.5

–7
0.

4)
4,

99
1

67
.3

 (
65

.7
–6

8.
8)

0.
34

9

 
B

la
ck

1,
19

5
25

.1
 (

23
.3

–2
6.

9)
2,

42
1

27
.6

 (
26

.2
–2

9.
1)

0.
03

4

 
O

th
er

/m
ul

tir
ac

ia
l

23
3

6.
4 

(5
.3

–7
.8

)
28

2
5.

1 
(4

.3
–6

.1
)

0.
10

3

E
du

ca
tio

n

 
L

es
s 

th
an

 h
ig

h 
sc

ho
ol

 d
ip

lo
m

a
62

8
18

.2
 (

16
.5

–2
0.

2)
94

5
15

.4
 (

14
.1

–1
6.

9)
0.

01
7

 
H

ig
h 

sc
ho

ol
 g

ra
du

at
e 

or
 G

E
D

1,
50

8
32

.3
 (

30
.4

–3
4.

3)
2,

42
6

29
.8

 (
28

.3
–3

1.
3)

0.
04

2

 
A

t l
ea

st
 s

om
e 

co
lle

ge
2,

75
4

49
.4

 (
47

.4
–5

1.
5)

4,
30

9
54

.8
 (

53
.1

–5
6.

4)
<

0.
00

1

Sm
ok

in
g 

st
at

us

 
C

ur
re

nt
 s

m
ok

er
1,

00
9

26
.3

 (
24

.4
–2

8.
2)

1,
13

7
19

.3
 (

17
.9

–2
0.

7)
<

0.
00

1

 
Fo

rm
er

 s
m

ok
er

1,
76

9
29

.3
 (

27
.6

–3
1.

1)
1,

89
6

22
.4

 (
21

.1
–2

3.
8)

<
0.

00
1

 
N

ev
er

 s
m

ok
er

2,
02

3
44

.4
 (

42
.4

–4
6.

5)
4,

51
7

58
.4

 (
56

.7
–6

0.
0)

<
0.

00
1

Sm
ok

in
g 

du
ra

tio
n

 
N

ev
er

 s
m

ok
er

2,
02

3
44

.9
 (

42
.8

–4
6.

9)
4,

51
7

58
.6

 (
57

.0
–6

0.
3)

<
0.

00
1

 
Sm

ok
ed

 <
10

 y
ea

rs
 o

r 
du

ra
tio

n 
un

kn
ow

n
74

3
18

.7
 (

17
.0

–2
0.

5)
1,

02
1

16
.2

 (
14

.9
–1

7.
6)

0.
02

5

 
Sm

ok
ed

 ≥
10

 y
ea

rs
2,

00
0

36
.4

 (
34

.5
–3

8.
4)

1,
98

6
25

.2
 (

23
.8

–2
6.

6)
<

0.
00

1

B
M

I 
ca

te
go

ry
 (

kg
/m

2 )

 
U

nd
er

w
ei

gh
t (

<
18

.5
)

51
1.

1 
(0

.7
–1

.8
)

14
0

1.
9 

(1
.5

–2
.4

)
0.

04
2

 
N

or
m

al
 w

ei
gh

t (
18

.5
–2

4.
9)

1,
27

7
28

.8
 (

27
.0

–3
0.

8)
2,

41
8

35
.5

 (
33

.9
–3

7.
2)

<
0.

00
1

 
O

ve
rw

ei
gh

t (
25

.0
–2

9.
9)

2,
08

6
39

.9
 (

37
.9

–4
1.

9)
2,

22
5

29
.4

 (
27

.9
–3

1.
0)

<
0.

00
1

J Asthma. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wheaton et al. Page 15

C
ha

ra
ct

er
is

ti
c

M
en

W
om

en

p-
va

lu
ec

na
%

b  
(9

5%
 C

I)
na

%
b  

(9
5%

 C
I)

 
O

be
se

 (
≥3

0.
0)

1,
44

0
30

.1
 (

28
.3

–3
2.

0)
2,

42
3

33
.2

 (
31

.6
–3

4.
8)

0.
01

4

O
ve

ra
ll 

he
al

th

 
Fa

ir
/p

oo
r 

he
al

th
1,

05
5

17
.7

 (
16

.2
–1

9.
2)

1,
81

4
20

.0
 (

18
.7

–2
1.

3)
0.

01
9

 
Fr

eq
ue

nt
 m

en
ta

l d
is

tr
es

sd
47

1
10

.9
 (

9.
7–

12
.2

)
1,

00
0

15
.3

 (
14

.0
–1

6.
6)

<
0.

00
1

 
Fr

eq
ue

nt
 p

hy
si

ca
l d

is
tr

es
se

65
0

11
.9

 (
10

.7
–1

3.
2)

1,
21

3
14

.3
 (

13
.2

–1
5.

5)
0.

00
5

N
on

-r
es

pi
ra

to
ry

 c
hr

on
ic

 c
on

di
tio

ns

 
C

or
on

ar
y 

he
ar

t d
is

ea
se

41
2

5.
8 

(5
.1

–6
.7

)
43

6
4.

5 
(3

.8
–5

.2
)

0.
00

8

 
D

ia
be

te
s

75
1

11
.5

 (
10

.4
–1

2.
7)

1,
20

0
11

.8
 (

10
.8

–1
2.

8)
0.

72
0

 
A

rt
hr

iti
s

1,
58

5
24

.8
 (

23
.2

–2
6.

4)
3,

22
3

32
.5

 (
31

.1
–3

4.
0)

<
0.

00
1

 
C

an
ce

r 
(e

xc
lu

di
ng

 s
ki

n 
ca

nc
er

)
43

2
5.

2 
(4

.5
–5

.9
)

81
7

8.
3 

(7
.5

–9
.1

)
<

0.
00

1

 
D

ep
re

ss
io

n
65

5
12

.9
 (

11
.6

–1
4.

2)
1,

66
2

22
.8

 (
21

.4
–2

4.
2)

<
0.

00
1

 
St

ro
ke

25
4

3.
7 

(3
.1

–4
.4

)
39

7
3.

7 
(3

.2
–4

.2
)

0.
94

1

N
um

be
r 

of
 n

on
-r

es
pi

ra
to

ry
 c

hr
on

ic
 c

on
di

tio
ns

 
N

on
e

2,
40

1
59

.6
 (

57
.7

–6
1.

5)
3,

09
8

49
.4

 (
47

.7
–5

1.
1)

<
0.

00
1

 
1

1,
40

0
23

.9
 (

22
.3

–2
5.

6)
2,

38
9

27
.7

 (
26

.2
–2

9.
1)

<
0.

00
1

 
2

72
3

11
.2

 (
10

.1
–1

2.
4)

1,
47

7
15

.5
 (

14
.4

–1
6.

6)
<

0.
00

1

 
3

27
4

4.
0 

(3
.4

–4
.7

)
53

1
5.

4 
(4

.7
–6

.1
)

0.
00

3

 
≥4

98
1.

3 
(1

.0
–1

.7
)

18
7

2.
1 

(1
.7

–2
.6

)
0.

00
9

C
hr

on
ic

 o
bs

tr
uc

tiv
e 

ai
rw

ay
 d

is
ea

se

 
N

on
e

4,
18

7
83

.8
 (

82
.2

–8
5.

4)
6,

26
2

81
.3

 (
79

.9
–8

2.
6)

0.
01

5

 
Fo

rm
er

 a
st

hm
a 

on
ly

18
0

4.
9 

(3
.9

–6
.0

)
21

9
3.

2 
(2

.6
–3

.9
)

0.
00

8

 
C

ur
re

nt
 a

st
hm

a 
on

ly
17

1
4.

7 
(3

.8
–5

.7
)

47
1

7.
2 

(6
.3

–8
.2

)
<

0.
00

1

 
C

O
PD

 o
nl

y
24

8
4.

4 
(3

.6
–5

.3
)

38
7

4.
3 

(3
.7

–5
.0

)
0.

91
5

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
11

4
2.

2 
(1

.7
–2

.9
)

35
5

4.
0 

(3
.4

–4
.6

)
<

0.
00

1

R
es

pi
ra

to
ry

 s
ym

pt
om

s

 
Fr

eq
ue

nt
 p

ro
du

ct
iv

e 
co

ug
hf

53
8

10
.9

 (
9.

7–
12

.2
)

71
2

9.
5 

(8
.6

–1
0.

6)
0.

10
8

 
Fr

eq
ue

nt
 S

O
B

g
20

7
3.

8 
(3

.1
–4

.6
)

36
4

5.
2 

(4
.4

–6
.1

)
0.

01
0

 
B

re
at

hi
ng

 p
ro

bl
em

s 
lim

ite
d 

ac
tiv

ity
h

71
2

14
.5

 (
13

.1
–1

6.
0)

1,
15

3
15

.4
 (

14
.2

–1
6.

7)
0.

34
7

B
M

I 
- 

bo
dy

 m
as

s 
in

de
x;

 C
I 

- 
co

nf
id

en
ce

 in
te

rv
al

; C
O

PD
 -

 c
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e;
 G

E
D

 -
 g

en
er

al
 e

qu
iv

al
en

cy
 d

ip
lo

m
a;

 S
O

B
 -

 s
ho

rt
ne

ss
 o

f 
br

ea
th

J Asthma. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wheaton et al. Page 16
a U

nw
ei

gh
te

d 
sa

m
pl

e.
 C

at
eg

or
ie

s 
m

ig
ht

 n
ot

 s
um

 to
 s

ur
ve

y 
to

ta
l b

ec
au

se
 o

f 
m

is
si

ng
 r

es
po

ns
es

.

b W
ei

gh
te

d 
pe

rc
en

ta
ge

.

c t-
te

st
 (

m
en

 v
er

su
s 

w
om

en
).

d Fr
eq

ue
nt

 m
en

ta
l d

is
tr

es
s:

 a
 r

es
po

ns
e 

of
 ≥

14
 d

ay
s 

to
 th

e 
qu

es
tio

n,
 “

N
ow

 th
in

ki
ng

 a
bo

ut
 y

ou
r 

m
en

ta
l h

ea
lth

, w
hi

ch
 in

cl
ud

es
 s

tr
es

s,
 d

ep
re

ss
io

n,
 a

nd
 p

ro
bl

em
s 

w
ith

 e
m

ot
io

ns
, f

or
 h

ow
 m

an
y 

da
ys

 d
ur

in
g 

th
e 

pa
st

 3
0 

da
ys

 w
as

 y
ou

r 
m

en
ta

l h
ea

lth
 n

ot
 g

oo
d.

”

e Fr
eq

ue
nt

 p
hy

si
ca

l d
is

tr
es

s:
 a

 r
es

po
ns

e 
of

 ≥
14

 d
ay

s 
to

 th
e 

qu
es

tio
n,

 “
N

ow
 th

in
ki

ng
 a

bo
ut

 y
ou

r 
ph

ys
ic

al
 h

ea
lth

, w
hi

ch
 in

cl
ud

es
 p

hy
si

ca
l i

lln
es

s 
an

d 
in

ju
ry

, f
or

 h
ow

 m
an

y 
da

ys
 d

ur
in

g 
th

e 
pa

st
 3

0 
da

ys
 w

as
 

yo
ur

 p
hy

si
ca

l h
ea

lth
 n

ot
 g

oo
d.

”

f D
ef

in
ed

 a
s 

a 
re

sp
on

se
 o

f 
ei

th
er

 m
os

t d
ay

s 
or

 e
ve

ry
 d

ay
 to

 th
e 

qu
es

tio
n 

“D
ur

in
g 

th
e 

pa
st

 3
0 

da
ys

, h
ow

 o
ft

en
 d

o 
yo

u 
co

ug
h 

up
 m

uc
us

 o
r 

ph
le

gm
?”

g D
ef

in
ed

 a
s 

a 
re

sp
on

se
 o

f 
ei

th
er

 m
os

t o
f 

th
e 

tim
e 

or
 a

ll 
of

 th
e 

tim
e 

to
 th

e 
qu

es
tio

n 
“D

ur
in

g 
th

e 
pa

st
 3

0 
da

ys
, h

ow
 o

ft
en

 d
o 

yo
u 

fe
el

 s
ho

rt
 o

f 
br

ea
th

?”

h D
ef

in
ed

 a
s 

a 
re

sp
on

se
 o

f 
ag

re
e 

sl
ig

ht
ly

 o
r 

ag
re

e 
st

ro
ng

ly
 to

 th
e 

qu
es

tio
n,

 “
H

ow
 m

uc
h 

do
 y

ou
 a

gr
ee

 o
r 

di
sa

gr
ee

 w
ith

 th
e 

fo
llo

w
in

g 
st

at
em

en
t?

 ‘
In

 th
e 

pa
st

 y
ea

r, 
I 

am
 n

ot
 a

s 
ph

ys
ic

al
ly

 a
ct

iv
e 

as
 I

 o
nc

e 
w

as
 

be
ca

us
e 

of
 m

y 
br

ea
th

in
g 

pr
ob

le
m

s.
’”

J Asthma. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wheaton et al. Page 17

Ta
b

le
 2

U
na

dj
us

te
d,

 a
ge

-s
pe

ci
fi

c,
 a

nd
 a

ge
-a

dj
us

te
da  

pr
ev

al
en

ce
 o

f 
ch

ro
ni

c 
ob

st
ru

ct
iv

e 
ai

rw
ay

 d
is

ea
se

 c
at

eg
or

ie
s 

am
on

g 
ad

ul
ts

 a
ge

d 
≥1

8 
ye

ar
s 

by
 g

en
de

r 
an

d 

se
le

ct
ed

 c
ha

ra
ct

er
is

tic
s:

 S
ou

th
 C

ar
ol

in
a 

B
eh

av
io

ra
l R

is
k 

Fa
ct

or
 S

ur
ve

ill
an

ce
 S

ys
te

m
, 2

01
2

C
ha

ra
ct

er
is

ti
c

N

F
or

m
er

 a
st

hm
a 

on
ly

C
ur

re
nt

 a
st

hm
a 

on
ly

C
O

P
D

 o
nl

y
A

st
hm

a-
C

O
P

D
 o

ve
rl

ap
 s

yn
dr

om
e

%
 (

95
%

 C
I)

%
 (

95
%

 C
I)

%
 (

95
%

 C
I)

%
 (

95
%

 C
I)

M
E

N

To
ta

l

 
U

na
dj

us
te

d
4,

90
0

4.
9 

(3
.9

–6
.0

)
4.

7 
(3

.8
–5

.7
)

4.
4 

(3
.6

–5
.3

)
2.

2 
(1

.7
–2

.9
)

 
A

ge
-a

dj
us

te
d

4,
90

0
5.

1 
(4

.1
–6

.3
)

4.
8 

(3
.9

–5
.9

)
4.

2 
(3

.5
–5

.1
)

2.
1 

(1
.6

–2
.8

)

A
ge

 (
ye

ar
s)

 
18

–4
4

1,
38

7
7.

2 
(5

.5
–9

.4
)

5.
8 

(4
.4

–7
.7

)
2.

3 
(1

.4
–3

.6
)

1.
1 

(0
.6

–2
.2

)*

 
45

–6
4

1,
91

4
3.

1 
(2

.2
–4

.4
)

3.
8 

(2
.8

–5
.3

)
5.

1 
(4

.0
–6

.6
)

3.
6 

(2
.6

–5
.0

)

 
≥6

5
1,

59
9

1.
9 

(1
.1

–3
.3

)
3.

2 
(2

.1
–4

.7
)

8.
7 

(6
.6

–1
1.

4)
2.

6 
(1

.7
–4

.1
)

R
ac

ea

 
W

hi
te

3,
47

2
4.

7 
(3

.6
–6

.3
)

3.
7 

(2
.8

–4
.9

)
4.

6 
(3

.7
–5

.6
)

2.
7 

(2
.0

–3
.6

)

 
B

la
ck

1,
19

5
5.

2 
(3

.5
–7

.5
)

7.
4 

(5
.5

–1
0.

0)
3.

3 
(2

.0
–5

.5
)

1.
0 

(0
.5

–2
.0

)*

 
O

th
er

/m
ul

tir
ac

ia
l

23
3

7.
0 

(3
.7

–1
2.

9)
*

5.
1 

(2
.0

–1
2.

3)
*

6.
6 

(2
.6

–1
5.

5)
*

0.
2 

(0
.1

–0
.9

)*

E
du

ca
tio

na

 
L

es
s 

th
an

 h
ig

h 
sc

ho
ol

 d
ip

lo
m

a
62

8
7.

1 
(4

.2
–1

1.
8)

8.
0 

(5
.2

–1
2.

3)
7.

1 
(5

.0
–1

0.
0)

4.
8 

(3
.1

–7
.5

)

 
H

ig
h 

sc
ho

ol
 g

ra
du

at
e 

or
 G

E
D

1,
50

8
3.

5 
(2

.4
–5

.1
)

3.
8 

(2
.6

–5
.5

)
3.

8 
(2

.9
–4

.9
)

2.
1 

(1
.4

–3
.1

)

 
A

t l
ea

st
 s

om
e 

co
lle

ge
2,

75
4

5.
4 

(4
.1

–7
.1

)
4.

3 
(3

.2
–5

.7
)

3.
4 

(2
.5

–4
.7

)
1.

3 
(0

.7
–2

.2
)

Sm
ok

in
g 

st
at

us
a

 
C

ur
re

nt
 s

m
ok

er
1,

00
9

6.
1 

(4
.3

–8
.5

)
5.

2 
(3

.4
–7

.7
)

8.
8 

(6
.4

–1
1.

8)
3.

0 
(1

.9
–4

.5
)

 
Fo

rm
er

 s
m

ok
er

1,
76

9
4.

4 
(2

.8
–6

.8
)

4.
4 

(2
.6

–7
.4

)
3.

4 
(2

.7
–4

.4
)

2.
8 

(1
.7

–4
.7

)

 
N

ev
er

 s
m

ok
er

2,
02

3
4.

7 
(3

.3
–6

.6
)

4.
8 

(3
.6

–6
.3

)
1.

8 
(1

.1
–2

.9
)

1.
2 

(0
.6

–2
.2

)*

Sm
ok

in
g 

du
ra

tio
na

 
N

ev
er

 s
m

ok
er

2,
02

3
4.

7 
(3

.3
–6

.6
)

4.
8 

(3
.6

–6
.3

)
1.

8 
(1

.1
–2

.9
)

1.
2 

(0
.6

–2
.2

)*

 
Sm

ok
ed

 <
10

 y
ea

rs
 o

r 
du

ra
tio

n 
un

kn
ow

n
74

3
6.

1 
(4

.1
–8

.9
)

5.
3 

(3
.3

–8
.5

)
2.

9 
(1

.7
–4

.9
)

1.
2 

(0
.5

–3
.0

)*

 
Sm

ok
ed

 ≥
10

 y
ea

rs
2,

00
0

4.
3 

(2
.8

–6
.5

)
4.

0 
(2

.6
–6

.2
)

7.
6 

(5
.9

–9
.7

)
3.

4 
(2

.4
–4

.6
)

J Asthma. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wheaton et al. Page 18

C
ha

ra
ct

er
is

ti
c

N

F
or

m
er

 a
st

hm
a 

on
ly

C
ur

re
nt

 a
st

hm
a 

on
ly

C
O

P
D

 o
nl

y
A

st
hm

a-
C

O
P

D
 o

ve
rl

ap
 s

yn
dr

om
e

%
 (

95
%

 C
I)

%
 (

95
%

 C
I)

%
 (

95
%

 C
I)

%
 (

95
%

 C
I)

B
M

I 
ca

te
go

ry
 (

kg
/m

2 )
a

 
U

nd
er

w
ei

gh
t (

<
18

.5
)

51
15

.4
 (

3.
1–

50
.6

)*
10

.6
 (

2.
5–

34
.9

)*
5.

8 
(2

.1
–1

5.
0)

*
8.

2 
(3

.0
–2

0.
2)

*

 
N

or
m

al
 w

ei
gh

t (
18

.5
–2

4.
9)

1,
27

7
5.

6 
(3

.9
–8

.0
)

3.
2 

(2
.1

–4
.8

)
5.

7 
(4

.2
–7

.8
)

1.
4 

(0
.8

–2
.4

)

 
O

ve
rw

ei
gh

t (
25

.0
–2

9.
9)

2,
08

6
4.

6 
(3

.2
–6

.7
)

3.
4 

(2
.4

–4
.7

)
3.

0 
(2

.1
–4

.3
)

1.
4 

(0
.9

–2
.1

)

 
O

be
se

 (
≥3

0.
0)

1,
44

0
4.

4 
(3

.0
–6

.4
)

8.
0 

(5
.8

–1
1.

0)
4.

9 
(3

.5
–6

.9
)

3.
5 

(2
.3

–5
.4

)

W
O

M
E

N

To
ta

l

 
U

na
dj

us
te

d
7,

69
4

3.
2 

(2
.6

–3
.9

)
7.

2 
(6

.3
–8

.2
)

4.
3 

(3
.7

–5
.0

)
4.

0 
(3

.4
–4

.6
)

 
A

ge
-a

dj
us

te
d

7,
69

4
3.

3 
(2

.7
–4

.1
)

7.
4 

(6
.4

–8
.5

)
3.

9 
(3

.3
–4

.6
)

3.
8 

(3
.2

–4
.4

)

A
ge

 (
ye

ar
s)

 
18

–4
4

1,
89

2
3.

9 
(2

.8
–5

.3
)

8.
3 

(6
.8

–1
0.

1)
1.

5 
(0

.8
–2

.6
)

2.
7 

(1
.9

–3
.8

)

 
45

–6
4

2,
98

5
3.

1 
(2

.3
–4

.2
)

7.
3 

(5
.8

–9
.1

)
6.

3 
(5

.1
–7

.8
)

5.
2 

(4
.3

–6
.4

)

 
≥6

5
2,

81
7

2.
1 

(1
.5

–2
.9

)
4.

9 
(3

.8
–6

.2
)

7.
0 

(5
.8

–8
.5

)
4.

6 
(3

.7
–5

.7
)

R
ac

ea

 
W

hi
te

4,
99

1
3.

0 
(2

.2
–4

.0
)

7.
2 

(6
.0

–8
.6

)
4.

1 
(3

.3
–5

.1
)

3.
6 

(3
.0

–4
.4

)

 
B

la
ck

2,
42

1
3.

3 
(2

.4
–4

.5
)

8.
0 

(6
.3

–1
0.

0)
3.

8 
(2

.8
–5

.2
)

3.
8 

(2
.8

–5
.0

)

 
O

th
er

/m
ul

tir
ac

ia
l

28
2

6.
2 

(3
.0

–1
2.

4)
*

9.
5 

(4
.9

–1
7.

5)
*

1.
0 

(0
.4

–2
.5

)*
5.

7 
(2

.8
–1

1.
3)

*

E
du

ca
tio

na

 
L

es
s 

th
an

 h
ig

h 
sc

ho
ol

 d
ip

lo
m

a
94

5
5.

0 
(2

.5
–9

.8
)*

13
.0

 (
9.

1–
18

.3
)

8.
4 

(5
.5

–1
2.

5)
7.

3 
(5

.0
–1

0.
4)

 
H

ig
h 

sc
ho

ol
 g

ra
du

at
e 

or
 G

E
D

2,
42

6
2.

6 
(1

.7
–4

.0
)

7.
1 

(5
.6

–9
.0

)
3.

8 
(2

.9
–5

.0
)

4.
4 

(3
.3

–5
.9

)

 
A

t l
ea

st
 s

om
e 

co
lle

ge
4,

30
9

3.
3 

(2
.6

–4
.2

)
6.

3 
(5

.2
–7

.5
)

2.
7 

(2
.2

–3
.3

)
2.

7 
(2

.1
–3

.3
)

Sm
ok

in
g 

st
at

us
a

 
C

ur
re

nt
 s

m
ok

er
1,

13
7

3.
8 

(2
.2

–6
.3

)
7.

1 
(5

.3
–9

.5
)

10
.4

 (
8.

5–
12

.7
)

7.
5 

(5
.7

–9
.9

)

 
Fo

rm
er

 s
m

ok
er

1,
89

6
3.

1 
(1

.9
–5

.1
)

6.
7 

(4
.9

–9
.1

)
4.

9 
(2

.7
–8

.6
)

4.
2 

(3
.0

–5
.8

)

 
N

ev
er

 s
m

ok
er

4,
51

7
3.

3 
(2

.5
–4

.3
)

7.
6 

(6
.3

–9
.2

)
1.

8 
(1

.4
–2

.5
)

2.
1 

(1
.7

–2
.7

)

Sm
ok

in
g 

du
ra

tio
na

 
N

ev
er

 s
m

ok
er

4,
51

7
3.

3 
(2

.5
–4

.3
)

7.
6 

(6
.3

–9
.2

)
1.

8 
(1

.4
–2

.5
)

2.
1 

(1
.7

–2
.7

)

 
Sm

ok
ed

 <
10

 y
ea

rs
 o

r 
du

ra
tio

n 
un

kn
ow

n
1,

02
1

3.
5 

(2
.0

–6
.2

)
8.

8 
(6

.6
–1

1.
6)

4.
6 

(3
.2

–6
.7

)
3.

7 
(2

.4
–5

.6
)

 
Sm

ok
ed

 ≥
10

 y
ea

rs
1,

98
6

3.
4 

(2
.1

–5
.5

)
6.

0 
(4

.4
–8

.1
)

8.
2 

(5
.9

–1
1.

2)
8.

1 
(6

.1
–1

0.
7)

J Asthma. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wheaton et al. Page 19

C
ha

ra
ct

er
is

ti
c

N

F
or

m
er

 a
st

hm
a 

on
ly

C
ur

re
nt

 a
st

hm
a 

on
ly

C
O

P
D

 o
nl

y
A

st
hm

a-
C

O
P

D
 o

ve
rl

ap
 s

yn
dr

om
e

%
 (

95
%

 C
I)

%
 (

95
%

 C
I)

%
 (

95
%

 C
I)

%
 (

95
%

 C
I)

B
M

I 
ca

te
go

ry
 (

kg
/m

2 )
a

 
U

nd
er

w
ei

gh
t (

<
18

.5
)

14
0

1.
1 

(0
.2

–7
.5

)*
8.

6 
(3

.7
–1

8.
4)

*
5.

7 
(3

.0
–1

0.
6)

*
6.

1 
(2

.6
–1

3.
6)

*

 
N

or
m

al
 w

ei
gh

t (
18

.5
–2

4.
9)

2,
41

8
3.

5 
(2

.4
–5

.1
)

6.
2 

(4
.6

–8
.2

)
3.

5 
(2

.7
–4

.6
)

2.
1 

(1
.5

–2
.9

)

 
O

ve
rw

ei
gh

t (
25

.0
–2

9.
9)

2,
22

5
2.

6 
(1

.5
–4

.5
)

6.
9 

(5
.2

–9
.1

)
4.

1 
(2

.7
–6

.2
)

3.
0 

(2
.1

–4
.3

)

 
O

be
se

 (
≥3

0.
0)

2,
42

3
4.

1 
(2

.9
–5

.6
)

8.
5 

(6
.9

–1
0.

5)
4.

3 
(3

.4
–5

.5
)

5.
9 

(4
.6

–7
.5

)

B
M

I 
- 

bo
dy

 m
as

s 
in

de
x;

 C
I 

- 
co

nf
id

en
ce

 in
te

rv
al

; C
O

PD
 -

 c
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e

a A
ge

-a
dj

us
te

d 
to

 th
e 

pr
oj

ec
te

d 
20

00
 U

.S
. p

op
ul

at
io

n 
ag

ed
 ≥

18
 y

ea
rs

.

* E
st

im
at

es
 m

ay
 n

ot
 b

e 
re

lia
bl

e.
 R

el
at

iv
e 

st
an

da
rd

 e
rr

or
 ≥

0.
3.

 E
st

im
at

es
 n

ot
 in

cl
ud

ed
 in

 c
om

pa
ri

so
n 

te
st

s.

J Asthma. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wheaton et al. Page 20

Ta
b

le
 3

A
dj

us
te

da  
pr

ev
al

en
ce

 a
nd

 a
dj

us
te

d 
pr

ev
al

en
ce

 r
at

io
 (

PR
) 

of
 s

m
ok

in
g,

 o
be

si
ty

, a
nd

 r
es

pi
ra

to
ry

 s
ym

pt
om

s 
by

 c
hr

on
ic

 o
bs

tr
uc

tiv
e 

ai
rw

ay
 d

is
ea

se
 c

at
eg

or
y 

an
d 

ge
nd

er
: S

ou
th

 C
ar

ol
in

a 
B

eh
av

io
ra

l R
is

k 
Fa

ct
or

 S
ur

ve
ill

an
ce

 S
ys

te
m

, 2
01

2

C
hr

on
ic

 o
bs

tr
uc

ti
ve

 a
ir

w
ay

 d
is

ea
se

M
en

W
om

en

%
 (

95
%

 C
I)

P
R

 (
95

%
 C

I)
%

 (
95

%
 C

I)
P

R
 (

95
%

 C
I)

C
ur

re
nt

 s
m

ok
er

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

24
.6

 (
22

.7
–2

6.
7)

1.
0 

(r
ef

er
en

t)
17

.4
 (

15
.9

–1
9.

0)
1.

0 
(r

ef
er

en
t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

30
.8

 (
22

.0
–4

1.
4)

1.
3 

(0
.9

–1
.7

)
20

.8
 (

13
.8

–3
0.

2)
1.

2 
(0

.8
–1

.8
)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
25

.6
 (

18
.0

–3
5.

0)
1.

0 
(0

.7
–1

.5
)

17
.4

 (
13

.2
–2

2.
6)

1.
0 

(0
.8

–1
.3

)

 
C

O
PD

 o
nl

y
50

.8
 (

41
.8

–5
9.

7)
2.

1 
(1

.7
–2

.5
)

41
.7

 (
32

.9
–5

1.
1)

2.
4 

(1
.9

–3
.0

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
31

.7
 (

20
.5

–4
5.

5)
1.

3 
(0

.9
–1

.9
)

35
.6

 (
28

.6
–4

3.
2)

2.
0 

(1
.6

–2
.6

)

F
or

m
er

 s
m

ok
er

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

29
.3

 (
27

.4
–3

1.
3)

1.
0 

(r
ef

er
en

t)
22

.0
 (

20
.5

–2
3.

5)
1.

0 
(r

ef
er

en
t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

27
.2

 (
19

.8
–3

6.
2)

0.
9 

(0
.7

–1
.3

)
20

.9
 (

14
.7

–2
8.

9)
1.

0 
(0

.7
–1

.3
)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
28

.8
 (

20
.3

–3
9.

2)
1.

0 
(0

.7
–1

.4
)

21
.5

 (
16

.9
–2

6.
9)

1.
0 

(0
.8

–1
.2

)

 
C

O
PD

 o
nl

y
27

.3
 (

21
.5

–3
4.

0)
0.

9 
(0

.7
–1

.2
)

27
.0

 (
20

.5
–3

4.
7)

1.
2 

(0
.9

–1
.6

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
36

.4
 (

25
.7

–4
8.

7)
1.

2 
(0

.9
–1

.7
)

27
.4

 (
22

.0
–3

3.
5)

1.
2 

(1
.0

01
–1

.6
)

Sm
ok

ed
 ≥

10
 y

ea
rs

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

35
.0

 (
32

.9
–3

7.
1)

1.
0 

(r
ef

er
en

t)
23

.1
 (

21
.6

–2
4.

6)
1.

0 
(r

ef
er

en
t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

33
.4

 (
24

.6
–4

3.
6)

1.
0 

(0
.7

–1
.3

)
24

.3
 (

16
.8

–3
3.

8)
1.

1 
(0

.7
–1

.5
)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
31

.3
 (

22
.9

–4
1.

2)
0.

9 
(0

.7
–1

.2
)

20
.7

 (
16

.2
–2

6.
0)

0.
9 

(0
.7

–1
.1

)

 
C

O
PD

 o
nl

y
63

.1
 (

54
.1

–7
1.

3)
1.

8 
(1

.6
–2

.1
)

48
.9

 (
41

.5
–5

6.
3)

2.
1 

(1
.8

–2
.5

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
56

.8
 (

43
.4

–6
9.

2)
1.

6 
(1

.3
–2

.1
)

47
.7

 (
40

.0
–5

5.
4)

2.
1 

(1
.7

–2
.5

)

O
be

se
 (

B
M

I≥
30

kg
/m

2 )

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

28
.6

 (
26

.7
–3

0.
7)

1.
0 

(r
ef

er
en

t)
31

.5
 (

29
.8

–3
3.

3)
1.

0 
(r

ef
er

en
t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

27
.3

 (
19

.3
–3

7.
0)

1.
0 

(0
.7

–1
.3

)
37

.9
 (

28
.7

–4
8.

1)
1.

2 
(0

.9
–1

.6
)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
48

.9
 (

38
.6

–5
9.

3)
1.

7 
(1

.4
–2

.1
)

38
.7

 (
32

.3
–4

5.
4)

1.
2 

(1
.0

3–
1.

5)

 
C

O
PD

 o
nl

y
32

.4
 (

23
.9

–4
2.

2)
1.

1 
(0

.8
–1

.5
)

35
.9

 (
29

.4
–4

3.
0)

1.
1 

(0
.9

–1
.4

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
48

.9
 (

35
.9

–6
2.

1)
1.

7 
(1

.3
–2

.3
)

51
.1

 (
43

.4
–5

8.
7)

1.
6 

(1
.4

–1
.9

)

F
re

qu
en

t 
pr

od
uc

ti
ve

 c
ou

gh
b

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

9.
1 

(7
.9

–1
0.

5)
1.

0 
(r

ef
er

en
t)

6.
2 

(5
.3

–7
.2

)
1.

0 
(r

ef
er

en
t)

J Asthma. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wheaton et al. Page 21

C
hr

on
ic

 o
bs

tr
uc

ti
ve

 a
ir

w
ay

 d
is

ea
se

M
en

W
om

en

%
 (

95
%

 C
I)

P
R

 (
95

%
 C

I)
%

 (
95

%
 C

I)
P

R
 (

95
%

 C
I)

 
Fo

rm
er

 a
st

hm
a 

on
ly

5.
2 

(2
.3

–1
1.

2)
0.

6 
(0

.3
–1

.3
)

8.
1 

(3
.1

–1
9.

7)
1.

3 
(0

.5
–3

.4
)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
10

.2
 (

5.
7–

17
.8

)
1.

1 
(0

.6
–2

.0
)

17
.7

 (
13

.1
–2

3.
5)

2.
9 

(2
.1

–4
.0

)

 
C

O
PD

 o
nl

y
31

.5
 (

23
.5

–4
0.

6)
3.

5 
(2

.5
–4

.7
)

23
.9

 (
18

.6
–3

0.
0)

3.
9 

(2
.9

–5
.1

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
34

.9
 (

24
.3

–4
7.

2)
3.

8 
(2

.7
–5

.5
)

38
.0

 (
30

.3
–4

6.
2)

6.
2 

(4
.8

–8
.0

)

F
re

qu
en

t 
SO

B
c

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

2.
1 

(1
.5

–2
.8

)
1.

0 
(r

ef
er

en
t)

2.
4 

(1
.8

–3
.2

)
1.

0 
(r

ef
er

en
t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

3.
2 

(0
.7

–1
3.

6)
1.

5 
(0

.3
–7

.2
)

3.
0 

(0
.7

–1
2.

5)
1.

3 
(0

.3
–5

.7
)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
2.

5 
(0

.9
–6

.3
)*

1.
2 

(0
.4

–3
.3

)
14

.2
 (

9.
9–

20
.0

)
6.

0 
(3

.7
–9

.6
)

 
C

O
PD

 o
nl

y
13

.2
 (

9.
3–

18
.6

)
6.

4 
(4

.1
–1

0.
1)

11
.3

 (
7.

7–
16

.2
)

4.
7 

(3
.0

–7
.5

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
29

.2
 (

20
.6

–3
9.

7)
14

.2
 (

9.
2–

22
.1

)
26

.9
 (

20
.0

–3
5.

3)
11

.3
 (

7.
6–

16
.9

)

B
re

at
hi

ng
 p

ro
bl

em
s 

lim
it

ed
 p

hy
si

ca
l a

ct
iv

it
yd

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

11
.0

 (
9.

5–
12

.5
)

1.
0 

(r
ef

er
en

t)
9.

4 
(8

.2
–1

0.
6)

1.
0 

(r
ef

er
en

t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

11
.8

 (
5.

7–
23

.0
)

1.
1 

(0
.5

–2
.2

)
13

.4
 (

8.
3–

20
.9

)
1.

4 
(0

.9
–2

.3
)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
20

.0
 (

13
.2

–2
9.

1)
1.

8 
(1

.2
–2

.8
)

34
.7

 (
28

.5
–4

1.
5)

3.
7 

(3
.0

–4
.7

)

 
C

O
PD

 o
nl

y
38

.0
 (

30
.6

–4
6.

0)
3.

5 
(2

.7
–4

.4
)

37
.6

 (
29

.5
–4

6.
3)

4.
0 

(3
.1

–5
.2

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
67

.1
 (

49
.5

–8
0.

9)
6.

1 
(4

.6
–8

.1
)

55
.9

 (
47

.7
–6

3.
8)

6.
0 

(5
.0

–7
.2

)

B
M

I 
- 

bo
dy

 m
as

s 
in

de
x;

 C
I 

- 
co

nf
id

en
ce

 in
te

rv
al

; C
O

PD
 -

 c
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e;
 S

O
B

 -
 s

ho
rt

ne
ss

 o
f 

br
ea

th

a A
dj

us
te

d 
pr

ev
al

en
ce

 a
nd

 p
re

va
le

nc
e 

ra
tio

 (
PR

) 
an

d 
95

%
 C

I 
fo

r 
th

e 
lik

el
ih

oo
d 

of
 e

ac
h 

sm
ok

in
g 

ca
te

go
ry

, o
be

si
ty

, a
nd

 e
ac

h 
re

sp
ir

at
or

y 
sy

m
pt

om
 a

ss
oc

ia
te

d 
w

ith
 a

 g
iv

en
 c

hr
on

ic
 o

bs
tr

uc
tiv

e 
ai

rw
ay

 d
is

ea
se

 
ca

te
go

ry
 w

er
e 

ob
ta

in
ed

 f
ro

m
 s

ep
ar

at
e 

m
ul

tiv
ar

ia
bl

e 
lo

gi
st

ic
 r

eg
re

ss
io

n 
m

od
el

s.
 M

od
el

s 
fo

r 
sm

ok
in

g 
ca

te
go

ri
es

 a
nd

 o
be

si
ty

 in
cl

ud
ed

 a
ge

, r
ac

e,
 a

nd
 e

du
ca

tio
n 

as
 c

ov
ar

ia
te

s.
 M

od
el

s 
fo

r 
re

sp
ir

at
or

y 
sy

m
pt

om
s 

in
cl

ud
ed

 a
ge

, r
ac

e,
 e

du
ca

tio
n,

 s
m

ok
in

g 
st

at
us

, a
nd

 B
M

I 
ca

te
go

ry
 a

s 
co

va
ri

at
es

. T
he

 r
ef

er
en

t f
or

 P
R

s 
w

as
 th

e 
gr

ou
p 

of
 r

es
po

nd
en

ts
 w

ith
 n

o 
ob

st
ru

ct
iv

e 
ai

rw
ay

 im
pa

ir
m

en
t.

b D
ef

in
ed

 a
s 

a 
re

sp
on

se
 o

f 
ei

th
er

 m
os

t d
ay

s 
or

 e
ve

ry
 d

ay
 to

 th
e 

qu
es

tio
n 

“D
ur

in
g 

th
e 

pa
st

 3
0 

da
ys

, h
ow

 o
ft

en
 d

o 
yo

u 
co

ug
h 

up
 m

uc
us

 o
r 

ph
le

gm
?”

c D
ef

in
ed

 a
s 

a 
re

sp
on

se
 o

f 
ei

th
er

 m
os

t o
f 

th
e 

tim
e 

or
 a

ll 
of

 th
e 

tim
e 

to
 th

e 
qu

es
tio

n 
“D

ur
in

g 
th

e 
pa

st
 3

0 
da

ys
, h

ow
 o

ft
en

 d
o 

yo
u 

fe
el

 s
ho

rt
 o

f 
br

ea
th

?”

d D
ef

in
ed

 a
s 

a 
re

sp
on

se
 o

f 
ag

re
e 

sl
ig

ht
ly

 o
r 

ag
re

e 
st

ro
ng

ly
 to

 th
e 

qu
es

tio
n,

 “
H

ow
 m

uc
h 

do
 y

ou
 a

gr
ee

 o
r 

di
sa

gr
ee

 w
ith

 th
e 

fo
llo

w
in

g 
st

at
em

en
t?

 ‘
In

 th
e 

pa
st

 y
ea

r, 
I 

am
 n

ot
 a

s 
ph

ys
ic

al
ly

 a
ct

iv
e 

as
 I

 o
nc

e 
w

as
 

be
ca

us
e 

of
 m

y 
br

ea
th

in
g 

pr
ob

le
m

s.
’”

* E
st

im
at

es
 n

ot
 r

el
ia

bl
e.

 R
el

at
iv

e 
st

an
da

rd
 e

rr
or

 ≥
0.

3.

J Asthma. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wheaton et al. Page 22

Ta
b

le
 4

A
dj

us
te

da  
pr

ev
al

en
ce

 a
nd

 a
dj

us
te

d 
pr

ev
al

en
ce

 r
at

io
 (

PR
) 

of
 p

oo
r 

ov
er

al
l h

ea
lth

 a
nd

 c
hr

on
ic

 h
ea

lth
 c

on
di

tio
ns

 b
y 

ch
ro

ni
c 

ob
st

ru
ct

iv
e 

ai
rw

ay
 d

is
ea

se
 

ca
te

go
ry

 a
nd

 g
en

de
r:

 S
ou

th
 C

ar
ol

in
a 

B
eh

av
io

ra
l R

is
k 

Fa
ct

or
 S

ur
ve

ill
an

ce
 S

ys
te

m
, 2

01
2

C
hr

on
ic

 o
bs

tr
uc

ti
ve

 a
ir

w
ay

 d
is

ea
se

M
en

W
om

en

%
 (

95
%

 C
I)

P
R

 (
95

%
 C

I)
%

 (
95

%
 C

I)
P

R
 (

95
%

 C
I)

Se
lf

-r
ep

or
te

d 
fa

ir
/p

oo
r 

he
al

th

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

15
.9

 (
14

.3
–1

7.
6)

1.
0 

(r
ef

er
en

t)
16

.1
 (

14
.8

–1
7.

5)
1.

0 
(r

ef
er

en
t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

11
.6

 (
7.

4–
17

.8
)

0.
7 

(0
.5

–1
.2

)
23

.3
 (

14
.9

–3
4.

5)
1.

4 
(0

.9
–2

.2
)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
13

.6
 (

8.
8–

20
.3

)
0.

9 
(0

.6
–1

.3
)

31
.5

 (
26

.2
–3

7.
4)

2.
0 

(1
.6

–2
.4

)

 
C

O
PD

 o
nl

y
34

.5
 (

26
.9

–4
3.

0)
2.

2 
(1

.7
–2

.8
)

38
.8

 (
31

.5
–4

6.
8)

2.
4 

(2
.0

–3
.0

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
52

.7
 (

41
.6

–6
3.

7)
3.

3 
(2

.6
–4

.2
)

48
.4

 (
40

.6
–5

6.
2)

3.
0 

(2
.5

–3
.6

)

F
re

qu
en

t 
m

en
ta

l d
is

tr
es

sb

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

9.
6 

(8
.3

–1
1.

0)
1.

0 
(r

ef
er

en
t)

12
.9

 (
11

.6
–1

4.
4)

1.
0 

(r
ef

er
en

t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

10
.7

 (
5.

9–
18

.5
)

1.
1 

(0
.6

–2
.0

)
19

.3
 (

11
.9

–2
9.

8)
1.

5 
(0

.9
–2

.4
)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
13

.4
 (

7.
5–

22
.9

)
1.

4 
(0

.8
–2

.5
)

18
.7

 (
14

.0
–2

4.
5)

1.
4 

(1
.1

–2
.0

)

 
C

O
PD

 o
nl

y
22

.2
 (

15
.4

–3
0.

9)
2.

3 
(1

.6
–3

.4
)

34
.1

 (
26

.5
–4

2.
6)

2.
6 

(2
.0

–3
.4

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
27

.5
 (

17
.7

–4
0.

2)
2.

9 
(1

.9
–4

.5
)

28
.6

 (
21

.8
–3

6.
4)

2.
2 

(1
.7

–2
.9

)

F
re

qu
en

t 
ph

ys
ic

al
 d

is
tr

es
sc

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

9.
9 

(8
.7

–1
1.

4)
1.

0 
(r

ef
er

en
t)

11
.1

 (
9.

9–
12

.3
)

1.
0 

(r
ef

er
en

t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

13
.4

 (
7.

8–
22

.1
)

1.
4 

(0
.8

–2
.3

)
13

.4
 (

7.
0–

24
.2

)*
1.

2 
(0

.6
–2

.3
)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
10

.4
 (

6.
0–

17
.2

)
1.

0 
(0

.6
–1

.8
)

23
.6

 (
18

.3
–2

9.
8)

2.
1 

(1
.6

–2
.8

)

 
C

O
PD

 o
nl

y
24

.6
 (

18
.7

–3
1.

7)
2.

5 
(1

.8
–3

.3
)

34
.5

 (
26

.8
–4

3.
1)

3.
1 

(2
.4

–4
.0

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
46

.5
 (

35
.1

–5
8.

3)
4.

7 
(3

.5
–6

.2
)

34
.9

 (
27

.9
–4

2.
5)

3.
2 

(2
.5

–4
.0

)

C
or

on
ar

y 
he

ar
t 

di
se

as
e

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

5.
0 

(4
.2

–5
.9

)
1.

0 
(r

ef
er

en
t)

3.
4 

(2
.8

–4
.1

)
1.

0 
(r

ef
er

en
t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

5.
2 

(2
.5

–1
0.

7)
*

1.
0 

(0
.5

–2
.2

)
3.

3 
(1

.7
–6

.6
)*

1.
0 

(0
.5

–2
.0

)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
2.

3 
(1

.0
–5

.2
)*

0.
5 

(0
.2

–1
.1

)
6.

2 
(3

.6
–1

0.
6)

1.
8 

(1
.0

4–
3.

3)

 
C

O
PD

 o
nl

y
14

.2
 (

10
.1

–1
9.

6)
2.

8 
(2

.0
–4

.1
)

9.
8 

(6
.4

–1
4.

7)
2.

9 
(1

.8
–4

.5
)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
16

.6
 (

10
.8

–2
4.

8)
3.

3 
(2

.1
–5

.3
)

11
.1

 (
8.

0–
15

.3
)

3.
3 

(2
.3

–4
.7

)

D
ia

be
te

s

J Asthma. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wheaton et al. Page 23

C
hr

on
ic

 o
bs

tr
uc

ti
ve

 a
ir

w
ay

 d
is

ea
se

M
en

W
om

en

%
 (

95
%

 C
I)

P
R

 (
95

%
 C

I)
%

 (
95

%
 C

I)
P

R
 (

95
%

 C
I)

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

10
.9

 (
9.

7–
12

.3
)

1.
0 

(r
ef

er
en

t)
10

.7
 (

9.
6–

11
.8

)
1.

0 
(r

ef
er

en
t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

16
.4

 (
11

.1
–2

3.
7)

1.
5 

(1
.0

1–
2.

2)
15

.7
 (

10
.1

–2
3.

5)
1.

5 
(1

.0
–2

.3
)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
7.

3 
(4

.3
–1

2.
1)

0.
7 

(0
.4

–1
.1

)
16

.7
 (

12
.6

–2
1.

7)
1.

6 
(1

.2
–2

.1
)

 
C

O
PD

 o
nl

y
13

.4
 (

9.
5–

18
.6

)
1.

2 
(0

.9
–1

.7
)

16
.3

 (
12

.0
–2

1.
8)

1.
5 

(1
.1

–2
.1

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
19

.8
 (

13
.2

–2
8.

6)
1.

8 
(1

.2
–2

.7
)

15
.4

 (
11

.4
–2

0.
4)

1.
4 

(1
.1

–2
.0

)

A
rt

hr
it

is

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

23
.4

 (
21

.7
–2

5.
1)

1.
0 

(r
ef

er
en

t)
30

.0
 (

28
.4

–3
1.

6)
1.

0 
(r

ef
er

en
t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

24
.3

 (
18

.1
–3

1.
8)

1.
0 

(0
.8

–1
.4

)
35

.6
 (

25
.9

–4
6.

6)
1.

2 
(0

.9
–1

.6
)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
23

.1
 (

17
.1

–3
0.

5)
1.

0 
(0

.7
–1

.3
)

45
.2

 (
39

.5
–5

1.
1)

1.
5 

(1
.3

–1
.7

)

 
C

O
PD

 o
nl

y
40

.2
 (

32
.0

–4
9.

0)
1.

7 
(1

.4
–2

.2
)

50
.1

 (
43

.2
–5

7.
0)

1.
7 

(1
.4

–1
.9

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
44

.8
 (

31
.2

–5
9.

2)
1.

9 
(1

.4
–2

.7
)

51
.0

 (
43

.4
–5

8.
5)

1.
7 

(1
.5

–2
.0

)

C
an

ce
r 

(e
xc

lu
di

ng
 s

ki
n)

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

5.
1 

(4
.4

–5
.9

)
1.

0 
(r

ef
er

en
t)

7.
4 

(6
.6

–8
.3

)
1.

0 
(r

ef
er

en
t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

4.
7 

(2
.0

–1
0.

6)
*

0.
9 

(0
.4

–2
.2

)
13

.2
 (

7.
6–

22
.1

)
1.

8 
(1

.0
3–

3.
1)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
4.

1 
(2

.1
–7

.8
)*

0.
8 

(0
.4

–1
.6

)
8.

1 
(5

.2
–1

2.
5)

1.
1 

(0
.7

–1
.7

)

 
C

O
PD

 o
nl

y
8.

9 
(6

.1
–1

3.
0)

1.
7 

(1
.2

–2
.6

)
10

.4
 (

7.
3–

14
.4

)
1.

4 
(1

.0
–2

.0
)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
3.

7 
(1

.6
–8

.6
)*

0.
7 

(0
.3

–1
.7

)
18

.2
 (

13
.9

–2
3.

4)
2.

5 
(1

.8
–3

.3
)

D
ep

re
ss

io
n

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

11
.0

 (
9.

7–
12

.3
)

1.
0 

(r
ef

er
en

t)
19

.9
 (

18
.4

–2
1.

4)
1.

0 
(r

ef
er

en
t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

20
.5

 (
12

.5
–3

1.
7)

1.
9 

(1
.2

–3
.0

)
31

.3
 (

22
.9

–4
1.

3)
1.

6 
(1

.2
–2

.1
)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
14

.8
 (

9.
1–

23
.3

)
1.

4 
(0

.8
–2

.2
)

28
.3

 (
23

.0
–3

4.
3)

1.
4 

(1
.2

–1
.8

)

 
C

O
PD

 o
nl

y
24

.4
 (

17
.8

–3
2.

5)
2.

2 
(1

.6
–3

.1
)

42
.2

 (
34

.6
–5

0.
3)

2.
1 

(1
.7

–2
.6

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
36

.8
 (

24
.8

–5
0.

7)
3.

4 
(2

.3
–4

.9
)

41
.3

 (
33

.6
–4

9.
3)

2.
1 

(1
.7

–2
.6

)

St
ro

ke

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

3.
4 

(2
.7

–4
.1

)
1.

0 
(r

ef
er

en
t)

3.
1 

(2
.6

–3
.7

)
1.

0 
(r

ef
er

en
t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

5.
0 

(2
.2

–1
1.

0)
*

1.
5 

(0
.6

–3
.5

)
3.

0 
(1

.5
–6

.1
)*

1.
0 

(0
.5

–2
.0

)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
4.

0 
(2

.0
–8

.0
)*

1.
2 

(0
.6

–2
.5

)
5.

7 
(3

.5
–9

.3
)

1.
9 

(1
.1

–3
.1

)

 
C

O
PD

 o
nl

y
4.

7 
(2

.3
–9

.1
)*

1.
4 

(0
.7

–2
.8

)
6.

3 
(4

.2
–9

.5
)

2.
1 

(1
.3

–3
.3

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
8.

8 
(4

.6
–1

6.
5)

*
2.

6 
(1

.3
–5

.2
)

7.
8 

(5
.0

–1
1.

9)
2.

5 
(1

.6
–4

.1
)

J Asthma. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wheaton et al. Page 24

C
hr

on
ic

 o
bs

tr
uc

ti
ve

 a
ir

w
ay

 d
is

ea
se

M
en

W
om

en

%
 (

95
%

 C
I)

P
R

 (
95

%
 C

I)
%

 (
95

%
 C

I)
P

R
 (

95
%

 C
I)

≥1
 n

on
-r

es
pi

ra
to

ry
 c

hr
on

ic
 d

is
ea

se

 
N

ei
th

er
 a

st
hm

a 
no

r 
C

O
PD

38
.5

 (
36

.4
–4

0.
5)

1.
0 

(r
ef

er
en

t)
47

.6
 (

45
.7

–4
9.

5)
1.

0 
(r

ef
er

en
t)

 
Fo

rm
er

 a
st

hm
a 

on
ly

48
.9

 (
39

.0
–5

8.
8)

1.
3 

(1
.0

3–
1.

6)
63

.1
 (

52
.2

–7
2.

8)
1.

3 
(1

.1
–1

.6
)

 
C

ur
re

nt
 a

st
hm

a 
on

ly
40

.9
 (

32
.8

–4
9.

5)
1.

1 
(0

.9
–1

.3
)

60
.6

 (
54

.5
–6

6.
5)

1.
3 

(1
.1

–1
.4

)

 
C

O
PD

 o
nl

y
55

.7
 (

45
.5

–6
5.

5)
1.

4 
(1

.2
–1

.7
)

78
.9

 (
71

.6
–8

4.
7)

1.
7 

(1
.5

–1
.8

)

 
A

st
hm

a-
C

O
PD

 o
ve

rl
ap

 s
yn

dr
om

e
74

.0
 (

59
.9

–8
4.

4)
1.

9 
(1

.6
–2

.3
)

76
.3

 (
66

.3
–8

4.
0)

1.
6 

(1
.4

–1
.8

)

B
M

I 
- 

bo
dy

 m
as

s 
in

de
x;

 C
I 

- 
co

nf
id

en
ce

 in
te

rv
al

; C
O

PD
 -

 c
hr

on
ic

 o
bs

tr
uc

tiv
e 

pu
lm

on
ar

y 
di

se
as

e

a A
dj

us
te

d 
pr

ev
al

en
ce

 a
nd

 p
re

va
le

nc
e 

ra
tio

 (
PR

) 
an

d 
95

%
 C

I 
fo

r 
th

e 
lik

el
ih

oo
d 

of
 e

ac
h 

co
nd

iti
on

 a
ss

oc
ia

te
d 

w
ith

 a
 g

iv
en

 c
hr

on
ic

 o
bs

tr
uc

tiv
e 

ai
rw

ay
 d

is
ea

se
 c

at
eg

or
y 

w
er

e 
ob

ta
in

ed
 f

ro
m

 s
ep

ar
at

e 
m

ul
tiv

ar
ia

bl
e 

lo
gi

st
ic

 r
eg

re
ss

io
n 

m
od

el
s 

th
at

 in
cl

ud
ed

 a
ge

, r
ac

e,
 e

du
ca

tio
n,

 B
M

I 
ca

te
go

ry
, a

nd
 s

m
ok

in
g 

st
at

us
 a

s 
co

va
ri

at
es

. T
he

 r
ef

er
en

t f
or

 a
ll 

PR
s 

w
as

 th
e 

gr
ou

p 
of

 r
es

po
nd

en
ts

 w
ith

 n
o 

ob
st

ru
ct

iv
e 

ai
rw

ay
 

im
pa

ir
m

en
t.

b Fr
eq

ue
nt

 m
en

ta
l d

is
tr

es
s:

 a
 r

es
po

ns
e 

of
 ≥

14
 d

ay
s 

to
 th

e 
qu

es
tio

n,
 “

N
ow

 th
in

ki
ng

 a
bo

ut
 y

ou
r 

m
en

ta
l h

ea
lth

, w
hi

ch
 in

cl
ud

es
 s

tr
es

s,
 d

ep
re

ss
io

n,
 a

nd
 p

ro
bl

em
s 

w
ith

 e
m

ot
io

ns
, f

or
 h

ow
 m

an
y 

da
ys

 d
ur

in
g 

th
e 

pa
st

 3
0 

da
ys

 w
as

 y
ou

r 
m

en
ta

l h
ea

lth
 n

ot
 g

oo
d.

”

c Fr
eq

ue
nt

 p
hy

si
ca

l d
is

tr
es

s:
 a

 r
es

po
ns

e 
of

 ≥
14

 d
ay

s 
to

 th
e 

qu
es

tio
n,

 “
N

ow
 th

in
ki

ng
 a

bo
ut

 y
ou

r 
ph

ys
ic

al
 h

ea
lth

, w
hi

ch
 in

cl
ud

es
 p

hy
si

ca
l i

lln
es

s 
an

d 
in

ju
ry

, f
or

 h
ow

 m
an

y 
da

ys
 d

ur
in

g 
th

e 
pa

st
 3

0 
da

ys
 w

as
 

yo
ur

 p
hy

si
ca

l h
ea

lth
 n

ot
 g

oo
d.

”

* E
st

im
at

es
 n

ot
 r

el
ia

bl
e.

 R
el

at
iv

e 
st

an
da

rd
 e

rr
or

 ≥
0.

3.

J Asthma. Author manuscript; available in PMC 2017 September 01.


	Abstract
	Introduction
	Methods
	Definition of variables
	Obstructive airway disease (OAD) categories
	Respiratory symptoms
	Non-respiratory chronic conditions and overall health
	Smoking status
	Other respondent characteristics
	Exclusions

	Statistical analysis

	Results
	Discussion
	Conclusion
	References
	Table 1
	Table 2
	Table 3
	Table 4

