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ABSTRACT

Introduction: Data collected through ongoing,
state-based, cross-sectional health surveys could
be used to better understand the contribution of
respiratory symptoms to impaired health
among the US adult population.
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Results: Among adults > 18 years, respiratory
impairment [current asthma, chronic obstruc-
tive pulmonary disease (COPD), or a current
moderate or severe symptom]| occurred in
39.1% of the population. More than half of
adults reporting moderate or severe symptoms
had not been diagnosed with asthma or COPD,
particularly with DOE and productive cough.
Subjects were at greater risk of moderate and
severe SOB or productive cough with increasing
age, prolonged smoking duration (> 20 years),
being an ever-smoker, or if reporting COPD,
current asthma, or any other comorbidity
except cancer. Morbid obesity [body mass index
(BMI) > 35 kg/mz] was associated with severe
DOE at a rate similar to current asthma or COPD
(25.6%, 95% CI 20.9-30.3%; 20.8%, 95% CI
16.4-25.1%; 21.3%, 95% CI 17.5-25.1%,
respectively); it was the most common cause of
DOE. SOB was associated with worse general
health impairment and limited ambulation
compared with other symptoms. Tobacco
smoking prevalence and race varied among
states, affecting symptom prevalence.
Conclusion: In the largest US survey in decades,
we provide a current perspective of respiratory
symptoms among adults of all ages. While
known risk factors were apparent, low-risk per-
sons also frequently reported symptoms and
impairments.

Keywords: Cross-sectional  health  survey;
Behavioral Risk Factor Surveillance System;
Productive cough; Shortness of breath;
Dyspnea on exertion; Quality of life; Smoking
duration; Asthma; COPD; Obesity

Key Summary Points

Characterizing respiratory symptoms in
the general population through health
surveys helps define the burden of disease.
Current, cross-sectional data are lacking in
the USA, particularly in young adults and
across different races/ethnicities.

In a four-US-state survey,

representing ~ 17% of the US adult
population, dyspnea on exertion was the
most prevalent respiratory symptom,
followed by productive cough and
shortness of breath.

Shortness of breath was the respiratory
symptom most associated with health
impairments.

While asthma, chronic obstructive
pulmonary disease (COPD), and coronary
heart disease were common causes of
dyspnea on exertion, morbid obesity was
the most prevalent comorbidity in
subjects reporting this symptom.

Young persons continue to smoke at the
highest rates among adults, with cough
and dyspnea on exertion more common
than shortness of breath in this age group.

INTRODUCTION

Characterizing respiratory health is important
to the understanding of overall health in the
population. Respiratory symptoms are common
in the population as a number of health con-
ditions can cause breathlessness or cough,
including obstructive lung diseases, heart dis-
eases, anxiety/depression, obesity, gastroin-
testinal reflux, and deconditioning. These
symptoms are important because dyspnea and
chronic mucus hypersecretion are associated
with increased morbidity and mortality, partic-
ularly in obstructive lung diseases, but even in
the absence of airflow obstruction [1-5]. There
is increasing interest in better understanding
lung health at the population level, a topic to be
evaluated in the upcoming Lung Health Cohort
Millennials study in the USA [6].
Cross-sectional and longitudinal surveys of
respiratory symptoms in adults have been con-
ducted in Europe [2, 7-10], internationally
[3, 11], and in the USA [12-16]. Current data
about respiratory symptoms in young and older
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adults in the USA are sparse [15, 16], particularly
the former. The US Centers for Disease Control
and Prevention’s (CDC) Behavioral Risk Factor
Surveillance System (BRFSS) is an annual,
nationally based, state-administered telephone
health survey conducted in > 400,000 adults
18 years and older, and is the world’s largest
ongoing population health survey. This type of
health survey is also used in some other coun-
tries, including South Korea and Ecuador. It has
been a primary epidemiologic source for the
prevalence and burden of COPD and asthma
among and within US states. In 2012, a module
containing four questions was added to one
state’s BRFSS to serve as proof of concept to
describe respiratory symptoms in a general
adult population [16].

For the current study, we expanded the use
of this module [16] in four states’ BRFSS in 2015
to assess respiratory symptoms in a larger, more
diverse population. Our aims were to further
examine the BRFSS as a survey tool to describe
lung health in the USA, provide a recent char-
acterization of sociodemographics and health
behaviors of persons with respiratory symptoms
among all ages of adults, and report on symp-
toms from a state-based perspective. Some of
the results have been reported as a meeting
abstract [17].

METHODS

Study Population

We incorporated an adult respiratory health
module (Table 1) into the 2015 BREFSS for four
states—Florida (FL), Kentucky (KY), South Car-
olina (SC), and Texas (TX), in which an esti-
mated 17.7% of the US population [18] and
18.7% of patients with COPD [19] reside. The
BREFSS has been approved as exempt research by
the CDC'’s institutional review board. The study
was a secondary data analysis of deidentified,
publicly available data. It was also approved by
the Duke University institutional review board.

Telephone Survey

The BREFSS is a random, digit-dialed cellphone
and landline survey of non-institutionalized
adults > 18 years, composed of a core section
of > 90 questions about sociodemographics,
health behaviors, and self-report of healthcare
provider diagnosed chronic diseases. In addi-
tion to core BRFSS questions, the respiratory
module (Table 1)was asked of all states’
respondents over the 12-month period except
FL where this was asked over 6 months. State-
specific modules added to the core survey are
sometimes only undertaken over a 6 month
period, as chosen by FL in this
instance. Comorbities were self-reported and
obesity was defined by World Health Organiza-
tion classifications [20].

Respiratory Symptoms

The respiratory module contained three ques-
tions to characterize the type and frequency of
self-reported respiratory symptoms and a fourth
question to quantitate tobacco exposure on the
basis of years smoked (duration). The previously
published module questions [16] inquiring
about shortness of breath (SOB), productive
cough, and dyspnea on exertion (DOE) were
derived by consensus of investigators using
respiratory-symptom-based questionnaires
[21-25]. We considered DOE as breathlessness
due to physical activity [26]. Each of the three
symptoms was categorized as minimal, moder-
ate, or severe.

Respiratory and Health Impairment

We defined impairment of respiratory health by
the report of any moderate and severe respira-
tory symptom, current asthma, or COPD.
Questions used to define and analyze general
health-related quality of life (HRQoL) and
ambulation are presented in Supplementary
Materials.
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Table 1 Respiratory module and health impairment questions with possible responses using the 2015 Behavioral Risk
Factor Surveillance System telephone health survey in four states (Florida, Kentucky, South Carolina, Texas)

Measure Respiratory module questions

Definitions

Ever-smoking status
and duration of

smoking
years

Shortness of breath

breath?—Would you say “all of the time,” “most of the

Have you smoked more than 100 cigarettes in your

lifetime? If yes, subjects were asked

How many years have you smoked tobacco products?

Years of tobacco smoking
(categorized as 0, 1-9, 19-19,
29-29, > 30 years)

During the past 30 days, how often have you felt short of Severe—all or most of the time

Moderate—little or some of the time

time,” “some of the time,” “a little of the time,” or “none

of the time”?

Productive cough

mucus or phlegm? Would you say “every day,” “most

During the past 30 days, how often did you cough up

Minimal—none of the time

Severe—every day or most days

Moderate—a few days

days,” “a few days,” “only with colds,” or “never”?

Dyspnea on exertion

statement? In the past year, I am not as physically active

How much do you agree or disagree with the following

Minimal—only with colds or never
Severe—agree strongly or slightly

Moderate—neither agree nor disagree

as I once was because of my shortness of breath: agree

strongly, agree slightly, neither agree or disagree, disagree

slightly, disagree strongly

Minimal—disagree slightly or
strongly

Analysis

Respondents were excluded from analysis if
data were missing for smoking status, smoking
duration, or one or more respiratory symptoms.
All analyses was conducted using SAS 9.4 to
account for the complex BRFSS sampling. BRFSS
method applies an iterative proportional fitting,
or raking toaddress the nonresponsive bias.
This method allows for education level, marital
status, and home ownershipin addition to
other traditional demographic characteristics
used in post-stratification to increase the rep-
resentativeness of estimates. Analysis was done
collectively for all states and for selected mea-
sures by individual state. First, we calculated the
percentage and 95% confidence intervals (CI) of
sociodemographics, health behaviors, health
impairment, and chronic diseases. For compar-
isons of prevalence between subgroups, statis-
tical significance was determined by f-tests.
Prevalence was compared by risk status using
pairwise f-tests. A P-value < 0.05 was considered

statistically significant for all tests. Other than
an age-specific category, all prevalence esti-
mates were age-adjusted to the 2000 US stan-
dard population. A trend analysis of each
symptom with age and tobacco duration was
performed using models regressing moderate or
severe SOB, cough, and DOE with each measure
using the Wald test of linearity and odds ratio

for age increment (SAS Institute,
SURVEYLOGISTIC).
RESULTS

A total of 44,849 respondents were asked the
core questions; the number of respondents was
9739 (FL), 8806 (KY), 11,607 (SC), and 14,697
(TX). The response rates for landline, cellphone,
and combined respectively for each state were
as follows: FL 37.0%, 37.1%, and 37.0%; KY
62.1%, 51.6%, and 59.0%; SC 52.1%, 51.5%,
and 50.4%; and TX 32.9%, 41.0%, and 34.4%.
After exclusion of respondents with incomplete
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Fig. 1 Age-based frequencies of moderate or severe
respiratory symptoms, current asthma, COPD, and current
smoking in adults > 18 years old using the 2015 BRFSS
health survey in four US states (Florida, Kentucky, South
Carolina, and Texas). COPD chronic obstructive pul-
monary disease, DOE dyspnea on exertion, SOB shortness
of breath. Test of linearity between age and each symptom
was significant (P < 0.001) for SOB (odds ratio [OR]
1.017, 95% CI 1.013-1.022), productive cough (OR

data, 31,875 subjects’ data were analyzed.
(Supplemental Materials Table 1). More than
half of the subjects were > 45 years old, female,
white, and with at least some college education.
Racial/ethnic minorities (Blacks, Hispanics) and
young adults (18-34 years old) were well repre-
sented (> 2500 each). The number of Hispanics
participating in the survey in each state was as
follows: 13.0% (FL), 1.0% (KY), 1.9% (SC), and
29.8% (TX).

Respiratory Symptoms

We found the frequency of respiratory symp-
toms was impacted by increasing age, race/eth-
nicity, nearly all comorbidities, years of tobacco
smoking, and state of residence. In contrast, sex
had little effect on symptom prevalence. DOE
was the most commonly reported symptom,
followed by productive cough, then SOB (Sup-
plementary Materials Table 1). Figure 1 shows
age-related frequencies of symptoms, COPD,
current asthma, and current smoking. There
was a significant linear relationship between

1.008, 95% CI 1.004-1.012), and DOE (OR 1.012, 95%
CI 1.009-1.016). *Moderate to severe productive cough:
cough up mucus or phlegm ecither every day, most days, or
a few days each month. *Moderate to severe shortness of
breath: short of breath either all of the time, most of the
time, or some of the time. *Moderate to severe dyspnea on
exertion: not as physically active as I once was because of
my shortness of breath, either agreeing strongly or slightly,
or neither agree nor disagree

increasing age and each symptom. In the
youngest age groups (18-24 and 25-34 years
old), productive cough was the most common
moderate and severe symptom, and with
increasing age, DOE became the most frequent
symptom. Among the elderly, productive cough
became as prevalent as DOE. When comparing
solely severe symptoms in 18-24-year-olds, dif-
ferences became statistically significant for
DOE, SOB, and productive cough compared
with 45-54-year-olds, 55-64-year-olds, and
65-74-year-olds, respectively. While the preva-
lence of asthma was somewhat stable across age
groups, the increase in COPD prevalence
became evident in the 55-64-year-olds.
State-based differences were evident for
symptoms where the frequency of moderate or
severe symptoms was highest in KY, with the
exception of moderate productive cough, which
had a higher frequency in FL and TX. At least
one in five KY adults reported severe symp-
toms (Table 2) While past smoking rates were
not different among states, current smoking
rates were highest in KY and, thus, likely an
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Fig. 2 Proportional Venn diagram of moderate and severe
symptoms, asthma, and chronic obstructive pulmonary
disease (COPD) in adults > 18 years old using the 2015
BRFSS health survey in four US states (Florida, Kentucky,
South Carolina, and Texas). *Values in legend reported as
mean (95% CI). DOE dyspnea on exertion, SOB shortness
of breath. Asthma: 7.6% (7.0-8.1%) of adults reported
currently having asthma. Chronic obstructive pulmonary
disease (COPD): 7.6% (7.1-8.2%) of adults reported
having been told they have chronic obstructive pulmonary
disease, emphysema, or chronic bronchitis. Productive
cough: 20.1% (18.6-21.6%) of adults reported moderate or
severe productive cough within last 30 days, and 24.2% of
these reported overlap with current asthma, 22.7% with
COPD, 32.4% with moderate or severe DOE, and 27.1%
with moderate or severe SOB. Dyspnea on exertion

(DOE): 20% (18.7-21.3%) or adults reported moderate or

important contributor to this state having the
highest rates for all three symptoms.

Comorbidities, except cancers, were more
prevalent in persons with moderate or severe
respiratory symptoms than in those with mini-
mal symptoms (Supplementary Materials
Table 2). Arthritis and depression were the
health conditions most commonly reported in
persons with moderate or severe respiratory
symptoms. While some of the highest frequen-
cies occurred in persons with COPD and current
asthma, symptoms were also common in CHD,
stroke, diabetes mellitus, kidney disease, and
morbid obesity.

Figure 2 is a proportional Venn diagram
showing symptoms, COPD, and asthma, where
39.1% of subjects reported either a moderate
symptom, severe symptom, current asthma, or
COPD. There was substantial overlap for all
symptoms with asthma and COPD, yet there

SOB \9 5 fough
3 ‘ 1 /o 20.1%

7.6%

severe DOE in the last year, and 24.4% of these reported
overlap with current asthma, 41.0% with COPD, 29.6%
with severe or moderate cough, and 77.9% with moderate
to severe SOB. Shortness of breath (SOB): 14.8%
(13.6-16.2%) of adults reported moderate or severe SOB
within last 30 days, and 17.9% of these reported overlap
with current asthma, 27.1% overlap with COPD, 27.1%
with moderate and severe productive cough, and 25.3%
overlap with moderate and severe SOB. Asthma-COPD--
SOB: 19.2% (18.3-20.1%) of adults were found to have
either asthma, COPD, or shortness of breath within last
30 days. Asthma—~COPD-cough: 23.9% (22.9-24.9%) of
adults were found to have either asthma, COPD, or
productive cough. Asthma-COPD-cough-SOB-DOE:
39.1% (37.5-40.8%) of adults were found to have either
asthma, COPD, productive cough, or SOB within last
30 days or DOE in 12 months

were many symptomatic persons reporting
neither condition.

Severe DOE was more common in people
who were morbidly obese (N = 2523) than with
COPD (N =1994), but fewer obese subjects
reported severe SOB (N = 852) than those with
COPD (N =1036). A J-shaped relationship was
apparent in persons with morbid obesity (WHO
classes II and II) for severe SOB or severe DOE,
while a U-shaped relationship was seen with
BMI and severe productive cough (Supplemen-
tary Materials Table 2). A nonsignificant trend
indicating severe SOB and productive cough are
less frequent in overweight, non-obese groups
(BMI 25-29.9 kg/m?) compared with other BMI
groups.

Racial/ethnic differences were evident as
whites were more likely than Blacks and His-
panics to report moderate and severe productive
cough; Hispanics were the least likely to report
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Fig. 3 Moderate and severe respiratory symptoms* and
tobacco smoking duration in adults > 18 years old using
the 2015 BRESS health survey in four US states (Florida,
Kentucky, South Carolina, and Texas). DOE dyspnea on
exertion, SOB shortness of breath. Test of linearity

between years smoked; each symptom was significant
(P < 0.001), for SOB (OR 1.017, 95% CI 1.013-1.022),
productive cough (OR 1.008, 95% CI 1.004-1.012), and

moderate or severe SOB (Fig. 3, Supplementary
Materials Table 1). There was no statistically
significant difference in moderate or severe
DOE based on race/ethnicity.

Tobacco Smoking

Tobacco use in the four states differed, where
KY had the highest rates of ever-smokers and TX
the lowest. The impact of smoking status on the
frequency of respiratory symptoms was evident
(current > former > never-smokers), especially
in those with severe symptoms (Fig. 4, Supple-
mentary Materials Table 1). There was a statis-
tically significant linear relationship for each
respiratory symptom with years of tobacco
smoking.

Respiratory and Health Impairments

Fair or poor overall health, worse mental dis-
tress, and activity limitation were more com-
mon with moderate or severe symptoms than in
those with minimal symptoms (Supplementary
Materials Table 3) While productive cough and
DOE affecting physical and mental health were

DOE (OR 1.012, 95% CI 1.009-1.016). *Moderate to
severe productive cough: cough up mucus or phlegm either
every day or most days each month. *Moderate to severe
shortness of breath: short of breath either all of the time or
most of the time. *Moderate to severe dyspnea on exertion:
not as physically active as I once was because of my
shortness of breath, agreeing strongly or slightly

common, severe SOB was the symptom with the
highest prevalence of health impairments and
activity limitation (Supplementary
Materials Table 3).

DISCUSSION

In the largest cross-sectional study conducted in
the USA in decades, we report the frequency
and burden of respiratory symptoms among
adults of all ages and many of the factors asso-
ciated with a higher risk. Nearly 40% of adults
reported at least one moderate or severe respi-
ratory symptom, current asthma, or COPD and
an even greater percentage of these reported
mental and physical impairments. Morbid obe-
sity was a major factor contributing to SOB and
DOE among the population. Young adults
(< 35 years old) are a group for which US data
are lacking. There was a surprisingly high fre-
quency (> 15%) of moderate or severe produc-
tive cough in the last 30 days and DOE in the
last year in this group. With increasing age,
DOE became the most common symptom until
the oldest group, when productive cough
occurred at a similar frequency. We provide
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Fig. 4 Moderate and severe respiratory symptoms and
race/ethnicity in adults > 18 years old using the 2015
BRFSS health survey in four US states (Florida, Kentucky,
South Carolina, and Texas)*. DOE dyspnea on exertion,
SOB shortness of breath (SOB), W white, non-Hispanic,
B Black, non-Hispanic, H Hispanic. *Moderate to severe
productive cough: cough up mucus or phlegm ecither every

evidence that tobacco smoking duration was
strongly associated with symptoms. Prior stud-
ies have principally relied on tobacco intensity
(e.g., pack-years) or smoking status as the
tobacco exposure metric.

Our findings align with others in which the
risks of breathlessness and cough are affected by
age [8, 11-15], sociodemographics [12, 16], race
[16], current tobacco use [3, 11, 27], and
comorbidities such as obesity [28-30], COPD
[16], asthma [27], heart disease [27, 29, 31], and
depression [32]. DOE was expected to be the
most common symptom in this study, as it
occurs in nonpulmonary conditions, including
obesity and deconditioning, that are frequent
among the US population [33], is often the first
symptom associated with chronic lung diseases,
and worsens with progression of chronic lung
disease [34-36]. Although it is unknown what
portion of subjects reporting moderate or severe
respiratory symptoms had airflow obstruction
by spirometry in the current study, the presence
of symptoms is invariably important, as evi-
denced by current recommendations [37].
Symptoms affect overall well-being and long-
term outcomes [1, 2, 4, 5, 15, 38]. In fact,

w B H w B H

DOE Cough

day, most days or a few days each month. *Moderate to
severe shortness of breath: short of breath ecither all of the
time, most of the time, or some of the time. *Moderate to
severe dyspnea on exertion: not as physically active as I
once was because of my shortness of breath, either
agreeing. strongly or slightly, or neither agree nor disagree

chronic respiratory symptoms are a better pre-
dictor of mortality than forced expiratory vol-
ume in 1s (FEV) [4, 5].

Many nonpulmonary diseases can cause or
worsen respiratory-related symptoms. This
study highlights the association of obesity
[28-30], heart disease [29, 31], and depression
[32] with the cardinal symptoms of lung dis-
ease. Increased symptoms are well known to
occur in patients with COPD who have low BMI
[39], but we did not find this to be true with
DOE or SOB in the general adult population.
Morbid obesity significantly impacted symp-
toms. In fact, severe DOE and serious difficulty
walking or climbing stairs in morbid obesity
approached that seen with COPD and asthma.
Cardiac disease is also common in persons with
frequent dyspnea [29, 31], and we found coro-
nary heart disease two to six times more likely
in persons with moderate or severe respiratory
symptoms, especially SOB.

Prior population-based studies have mea-
sured lung function but not symptoms [38],
enrolled a specific ethnicity or race [40, 41],
only enrolled older adults [12, 42], or were
reported decades ago [13, 14]. Studies from
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other countries have reported on respiratory
symptoms in young adults, but race and eth-
nicity differ from the USA [5, 7, 8, 10, 42, 43].
A US longitudinal study (CARDIA) recently
reported on respiratory symptoms in 2749
adults aged 18-30years old where 12.7% of
subjects reported persistent (“usually”) cough
and phlegm [15]. We found productive cough
on most or all days in the last month in 6.7% of
participants aged 18-24 and 9.5% of partici-
pants 25-34 years old. The prevalence of SOB
walking up an incline or hurrying on the level
was 8.1% in CARDIA, whereas we found that
physical activity in nearly 10% of 18-34 year
olds was strongly or slightly affected by
breathing problems (severe DOE). With the
frequency of these impairments, many more
targeted longitudinal studies on the respiratory
health of adolescents and young adults should
be conducted.

Chronic cough and phlegm production early
in adult life is considered a marker for devel-
opment of COPD and is associated with lung
function decline [43], even in nonsmokers
[44, 45]. In a longitudinal study of a British-
birth cohort, chronic mucus hypersecretion and
cough in 20-year-olds were associated with air-
flow obstruction later in life [43]. Since the first
Surgeon General’s Report on tobacco smoking
in 1964, current smoking rates in the USA have
declined substantially [46]. This is evident in
the current study where, among 25-34-year-
olds, ever-smoking rates are about 50% lower
than those reported for the same age group
from the 1970s [47]. However, while current
smoking in the USA has decreased, the age
group with the highest smoking rates remains
the 25-34-year-olds [47], as found in this study.

The significant differences in respiratory
symptoms among states was apparent when
comparing KY with TX and FL and are likely
related to the higher smoking rates and racial
differences. In the USA, smoking [47] and COPD
[19] rates are highest in KY and perhaps the
highest in the world. In the BOLD study that
included 29 countries, the symptom scores and
COPD prevalence were highest from the site in
KY [11, 42]. The effects of race and ethnicity on
the prevalence of respiratory symptoms in this
study is consistent with others where whites

report the highest rates and Hispanics the low-
est. Hispanics have different smoking behaviors
with lower rates of ever-smoking and cumula-
tive smoking compared with whites [40].

We chose to rely on years of tobacco smok-
ing (duration) as it is practical for a large epi-
demiologic survey and in fact is a better
predictor of health risks than pack-years. A
recent study found years of tobacco smoking
among a group of patients with COPD was more
strongly associated with reduced spirometry,
emphysema, 6-min walk, and impaired respira-
tory health than pack-years or cigarettes per day
[48]. Smoking duration has also been shown to
be a stronger predictor of risk of lung cancer and
cardiac disease than pack-years [49, 50]. We
found the frequency of respiratory symptoms
increased significantly between 10 and 20 years
of smoking, and especially at > 30 years.

A surprising extent of respiratory symptoms
was evident in never-smoking respondents and
those without COPD or current asthma. While
tobacco smoking is a leading cause of chronic
productive cough, about 10% of never-smokers
in our study reported moderate or severe pro-
ductive cough and accounted for one-third of
all persons reporting productive cough. Since
up to 30% of COPD occurs in nonsmokers
[51, 52], our population-based estimates of
productive cough in young adulthood give us
pause that the current successes in the war on
smoking may not appreciably diminish the
burden of COPD in our lifetime.

A strength of this cross-sectional, popula-
tion-based study is that it can be used to
understand the sociodemographic nature of
respiratory health in the USA. We also provide
data in persons < 40 years old, which is quite
sparse currently for the USA. While some health
measures are available in databases and medical
records, data on respiratory symptoms and
patient-reported health impairments are usually
unavailable. Longitudinal research studies such
as CARDIA [15] and MESA [53] among others
are vitally important to understanding lung
health; however, they are often not a true rep-
resentation of the current population as they
are not cross-sectional and do not adapt to
dynamic census changes and associated social,
racial, and cultural differences. Although BRFSS
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is cross-sectional, the survey is weighted to
account for population differences and is
administered annually; therefore, it is a better
reflection of the general population.

We also provided insights into the relation-
ships among respiratory symptoms and health
impairments. While DOE was the most com-
mon symptom, SOB had the biggest impact on
quality-of-life measures. All health impairments
were much less likely in persons reporting
minimal or no respiratory symptoms, high-
lighting the burden of respiratory symptoms on
well-being.

This study has several limitations, including
those inherent to BREFSS. As responses were
obtained by telephone survey, we relied on self-
report of medical conditions and smoking his-
tory. Diagnoses were not confirmed through
review of medical records, which could result in
misclassification of subjects. Spirometry was not
available for study subjects. We did not collect
data regarding nontobacco environmental cau-
ses of respiratory symptoms such as biomass
fuels, local air quality, or occupation. Response
rates reported for this study are consistent with
prior BREFSS surveys at 40-50%; weighting, call-
backs, and use of cellphones are employed to
minimize bias in respondent participation. We
did not identify patients with less common lung
diseases such as cystic fibrosis or the nearly 2%
of adults with heart failure [54]. While the res-
piratory module employed for this study was
derived from multiple questionnaires [21-25], it
characterizes the most common symptoms
associated with obstructive lung diseases—mu-
cus production and dyspnea. However, we did
not use standardized questionnaires for dyspnea
or chronic bronchitis. The St George Respiratory
Questionnaire uses 30-day recall for mucus
production and cough, similar to the current
study. Using COPDGene subject data, this
question showed good sensitivity (0.87) and
specificity (0.77) compared with the traditional
definition of chronic bronchitis that requires
2-year recall [55]. Lastly, we were unable to
characterize all causes of physical impairment
leading to SOB or DOE, such as deconditioning.

CONCLUSION

We provide up-to-date insight into the preva-
lence, associated comorbidities, and burden of
respiratory symptoms among adults in four US
states that represent 17.7% of the US popula-
tion. We found a substantial portion of adults
reported significant respiratory symptoms and
associated impairment—influenced by aging,
race/ethnicity, BMI, pulmonary and nonpul-
monary diseases, and long-term use of tobacco.
Considered low risk, young adults and never-
smokers also reported significant symptom fre-
quencies. There were many more adults with
symptoms than those who report having COPD
and current asthma, particularly with produc-
tive cough and DOE and in morbid obesity. The
currently poor state of respiratory health among
adults in the USA should be targeted to better
understand causes among the population
including greater utilization of spirometry and a
better understanding of the impact of non-ob-
struction in persons with significant respiratory
symptoms. Cross-sectional surveys such as the
BRESS are a useful tool to describe respiratory
health in a population and, if applied repeat-
edly, might serve to monitor respiratory health
from geographic and societal perspectives.
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