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Abstract

Purpose of Review COPD is a prevalent, highly morbid, but manageable disease. Challenges exist in diagnosis that leads to both
missed and inappropriate diagnosis with apparent ethnic, sex, and socioeconomic disparities. Disease management is possible
with medications and intensive efforts such as pulmonary rehabilitation, but as these interventions are become increasingly

expensive, the divide in socioeconomic outcomes expands.

Recent Findings Health systems have increasingly focused resources on COPD, but the efforts have not been equally imple-
mented. There is increasing prevalence of COPD in women, patients with low socioeconomic status, and minorities
attributable to higher burden of tobacco, occupational, and rural exposure. Recent mortality estimates suggest a

growing socioeconomic divide.

Summary As providers and healthcare systems work to improve the diagnosis and care of COPD patients, biases and disparities
must be measured, appreciated, and addressed to assure just implementation.

Keywords COPD - Health disparities - Emphysema

Introduction

In high-income countries, the predominant cause of chronic
obstructive pulmonary disease (COPD) is long-term tobacco
use, but environmental and occupational factors also play a
significant role. Environmental factors—poor air quality, oc-
cupational exposures, and a high burden of tobacco
exposure—and socioeconomic factors—sex, race/ethnicity,
income, and access to adequate healthcare—impact the devel-
opment, diagnosis, and outcomes of COPD.
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In this review, we will discuss the new and most impactful
literature investigating the social and demographic factors that
influence the development, diagnosis, and management of
COPD. As disparities in health are dependent local healthcare
systems, the scope of this review focuses predominantly on
the USA.

Disease Burden and Prevalence
Prevalence

Estimates of COPD prevalence vary depending on how the
diagnosis is made. Studies on prevalence vary in estimates
based upon the method of detection, definition of COPD used,
and location [1]. The 2011 Behavioral Risk Factor
Surveillance System (BRFSS) used patient-reported diagnosis
of COPD and showed a prevalence of 6.3% in the USA [2].
The BRFSS data also demonstrated a higher prevalence in
women (7.3%) than men (5.7%), a gender disparity borne
out in other studies as well [3]. A recent analysis of the burden
by state found a large variance from 3.7% in Hawaii to 12% in
West Virginia, with a strong association with state-wide
smoking rates [4]. The National Health Interview Survey
(NHIS) independently asked participants about a physician
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diagnosis of COPD, emphysema, and/or chronic bronchitis,
and found an overall prevalence of 5.7% [5]. COPD
prevalence was higher when asking about chronic bron-
chitis, emphysema (6.1%), and COPD as opposed to
COPD alone (3.0%) [2].

Patient-reported estimates consistently underestimate prev-
alence when compared to measurement by spirometry. The
Global Burden of Diseases, Injuries, and Risk Factors
(GBD) 2015 study analyzed international data from vital reg-
istries. Using the fixed FEVI1/FVC ratio of < 0.7 spirometric
criteria for obstruction, the age-standardized prevalence was
found to be 3.2% in men and 2.0% in women [6]. With an
unbiased cross-sectional sample of patients underwent spi-
rometry, the prevalence of moderate to severe obstruction
was 10.1%, almost twice as high as reported in patient-
reported and registry studies suggesting clinical under-
diagnosis [1]. The large variability in prevalence between spi-
rometric and patient-reported diagnosis highlights the need for
spirometry in high-risk patients.

Tobacco Exposure

Higher rates of tobacco abuse drive the increased COPD prev-
alence in low socioeconomic status (SES) groups. In addition,
active smokers with an annual income less than US minimum
wage experience more deleterious effects of tobacco exposure
when compared to higher SES groups [7]. Lowe et al. dem-
onstrated that this population has a more rapid decline in
FEV, over 5 years, although this decline comes without a
measurable increase in exacerbations or symptom burden
[7]. Both people in the USA living below the poverty line
and those with low education achievement have nearly twice
the rates of tobacco abuse when compared to those with in-
come more than double the poverty line and highly educated
people [8]. Patients with low SES often experience higher
psychological stress, potentially explaining higher rates of to-
bacco abuse, though the relationship is likely far more com-
plex [9]. While cessation attempts for those below the poverty
line do not significantly differ from those above it, people who
live below the poverty line are substantially less likely to
successfully quit [8].

Air Quality/Environmental Exposure

There is considerable data supporting the myriad factors in the
physical environment—air pollution, substandard housing/
indoor air pollution, rural living with exposure to pesticides,
and occupational exposures (including organic and inorganic
dusts, irritant gases, and chemicals)—that lead to the develop-
ment and progression of COPD. Many of these environmental
risks are more often experienced by people of low SES, racial/
ethnic minorities, and women [10, 11].

Some data suggests that as many as 24% of US adults with
a diagnosis of COPD have never smoked, and the majority of
these are thought to be caused by occupational exposures [11].
While occupational exposures historically include coal mining
and other industrial exposures, similar prevalence (3.1-3.3%)
is seen in the information industry (including publishing, data
processing workers, and telecommunication) and
administrative/office support workers. In these non-
smoking patients, women have a higher COPD preva-
lence than men [11] and there is a higher prevalence of
people with low SES [12].

Geography is associated with and may in fact directly af-
fect COPD prevalence. In a large cohort of over 300,000 UK
patients, air quality was significantly associated with lung
function. Higher small particulate matter (PM, 5) and nitrogen
dioxide (NO,) concentrations were associated with worse
FEV, and forced vital capacity (FVC) [13]. This effect was
not equally distributed among the population; the association
was stronger among people of lower income. Rural patients in
the USA are at high risk of COPD not only because
established risk factors (i.e., lower SES, fewer insured/less
access to healthcare, higher smoking rates) are more prevalent
in this population, but also because of higher exposure to
environmental triggers (e.g., NO,, organic dust) [14]. In fact,
patients in rural settings have a higher age-adjusted prevalence
of COPD, more frequent hospitalizations, and a higher mor-
tality from COPD when compared to residents of US cities
[14]. An analysis of the SPIROMX data showed that rural
residence is associated with increase in moderate, but not se-
vere, COPD exacerbations (in contrast to prior published
works showing patients who live in rural areas are at
higher risk for severe COPD exacerbations and subse-
quent in-hospital mortality) [15, 16]. Interestingly, their
sub analyses did not fully explain these effects by agri-
cultural exposure alone [16].

While causality is plausible, the association between geog-
raphy and the development of COPD is unclear due to the
challenges of accounting for confounders that track with poor
air quality: low SES, racial disparities, access issues [17].
Regardless, it is clear that low SES individuals and commu-
nities both experience higher rates of COPD and are exposed
to higher concentrations of air pollutants [18].

Diagnosis

COPD is both often missed (i.e., respiratory symptoms with
spirometry never ordered or COPD never diagnosed) and mis-
diagnosed (i.e., diagnosed with COPD despite no appreciable
airway obstruction) [19]. Under-diagnosis is largely driven by
underutilization of spirometry, despite efforts to increase use
among primary care providers. Many times, spirometry is of-
ten only performed when symptoms become severe, delaying
diagnosis which is associated with higher costs and higher
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exacerbation rates compared to patients admitted earlier in
disease [20]. COPD is also often underdiagnosed, as the
criteria—airflow obstruction on spirometry; exposure to
known pulmonary toxins such as cigarettes or poor air quality;
respiratory symptoms including cough, dyspnea, and sputum
production, and radiographic evidence of airway or alveolar
damage—are imprecise [21, 22]. Conversely, in an analysis of
the Burden of Obstructive Lung Disease (BOLD) data, 16,177
participants were analyzed with 919 (5.7%) reporting a previ-
ous medical diagnosis of COPD. Postbronchodilator spirom-
etry was performed and 61.9% were found to have no obstruc-
tion, leading to overdiagnosis, though it is not clear if some of
these patients had radiographic evidence of COPD. Among
the subjects with false-positive COPD, 45.7% reported current
use of respiratory medication, likely with minimal if any clin-
ical benefit and definite economic cost [23].

Estimates of prevalence can vary depending on the defini-
tion of COPD used, often impacting certain groups dispropor-
tionately. Most guidelines require documentation of obstruc-
tion on spirometry after bronchodilators for a diagnosis of
COPD [22]. While spirometry is under-utilized in general,
spirometry is less likely to be ordered in underserved popula-
tions and challenges in diagnosis persist even when spirome-
try is performed [24]. A cross-sectional analysis of the
population—the COPD Genetic Epidemiology
(COPDGene®) study—found COPD to be grossly
underdiagnosed. Of those diagnosed, women were more like-
ly than men and black patients were less likely than white
patients to carry a diagnosis of COPD prior to enrollment
[25]. Recently, the COPDGene consortium proposed a new
diagnostic criteria where spirometry is not necessary. This
approach can limit the bias in diagnosis introduced by the
need for spirometry and decrease under-diagnosis [21, 22].

The choice of a spirometric threshold for airway obstruction
can inherently introduce bias that may lead to disparities. The
Global Burden of Obstructive Lung Disease (GOLD) and other
society guidelines recommend using a fixed FEV1/FVC ratio of
<0.70 regardless of age, size, or other demographic parameters
[21]. Using the fixed ratio approach, Lamprecht et al. evaluated
international data from BOLD and other large, international co-
horts to identify determinants of under-diagnosis. Risk factors for
under-diagnosis using this approach included male sex, younger
age, being an active or never smoker, and less education achieve-
ment [26]. Alternatively, the lower limit of normal (LLN) ap-
proach adjusts the FEV1/FVC threshold for various patient char-
acteristics such as age, sex, height, and race. While seemingly the
best approach for limiting disparities, LLN
underdiagnoses patients who are older, non-white, and
women [27-29]. Bhatt et al. recently compared LLN and
fixed ratio of <0.70 approaches and found no difference
in identifying patients who are hospitalized for COPD or
died from a COPD; therefore, the clinical importance of
the difference in these approaches is not clear [27].
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There are reported gender and ethnic differences in the
diagnosis of asthma overlap. From a cohort of subjects with
COPD, more women and African-Americans were found to
have a reported history of asthma. These subjects were found
to have more severe and frequent exacerbations than subjects
solely with COPD and those of other gender or ethnicities
[30]. Whether this is driven by a biologic or health disparity
remains unclear.

Many clinical criteria require for a diagnosis of COPD
appropriate exposure and duration, often defined by at least
10 pack-years in clinical trials. Recent data suggests duration
of exposure, even if lower intensity, is the larger determinant
of developing COPD [31]. African-Americans tend to have
longer smoking duration at a lower intensity compared to
whites in the USA, which could lead to less lung cancer
screening and clinical trial opportunities using the traditional
pack-year approach to quantifying exposure [32, 33].

Despite a higher prevalence of COPD among women, ev-
idence supports that physicians have a bias that supports di-
agnosis of COPD more commonly in men [34]. Chapman
et al. gave physicians clinical scenarios describing COPD.
Physicians were less likely to diagnose COPD if the patient
was a woman. If spirometry data was included in the stem, the
bias decreased [35]. This is especially concerning given recent
mortality estimates that show improvements in mortality have
disproportionately occurred in men. Women have higher rates
of FEV1 decline when matched for tobacco exposure and
have a higher prevalence of COPD despite lower overall to-
bacco exposure [36]. Whether the discrepancy in prevalence
of COPD between sexes is due to inherent physiologic differ-
ences (estrogen-related propensity for emphysema, suscepti-
bility to tobacco, etc.) or disparities in diagnosis (higher
reporting of symptoms in women, larger impact on health-
related quality of life) remains unclear [36].

Management and Access to Care

Minimal evidence exists directly comparing COPD manage-
ment between socioeconomic groups, but health disparities
likely exist. Patients with low SES have numerous barriers
to guideline-suggested medications. High cost, insurance
companies dictating certain drugs, and lack of inhaler tech-
nique training contribute to lower adherence to respiratory
medications among patients with lower SES [37, 38]. In the
USA, the cost of respiratory medications with proven benefit
in COPD is often prohibitively expensive for patients. Even
those with health insurance often have out-of-pocket costs that
patients of low SES cannot afford [39]. Completion of pulmo-
nary rehabilitation is associated with improved symptom con-
trol and decreased exacerbations, yet suboptimal adherence is
independently associated with low SES [40]. Tiotropium, a
front-line therapy for COPD, is prescribed less often for black
patients [41] [42].
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The personal economic impact of COPD extends beyond
the cost of medication. It may also include the cost of hospi-
talization, the cost of missed work, and loss of gainful em-
ployment related to functional limitations. Furthermore, eco-
nomic reality may keep patients from seeking interventions—
such as pulmonary rehabilitation or even routine
appointments—that require time commitments during work
hours. Patients who may derive benefit from these interven-
tions long-term might not be able to afford the short-term
sacrifice of taking time off, which in turn may harm their
long-term prospects for continued employment.

The most obvious source of personal economic burden for
patients with COPD is the direct cost of medications. As
discussed, patients with lower SES experience a higher symp-
tom burden and higher rate of lung decline than similarly
matched higher-income patients. Thirty-one percent of
Medicare patients with COPD and asthma reported non-
adherence to prescribed inhalers due to cost [43]. GoodRx
(www.goodrx.com), a widely used website for comparing
drug pricing in the USA, lists the direct monthly retail cost
of albuterol or ipratropium near $50. Generic fluticasone/
salmeterol costs about $137 directly, and brand name combi-
nation inhalers may cost between $300 and 400. Prices of
inhalers (and cost directly to patients) have increased signifi-
cantly since the 2006 US federal ban on chlorofluorocarbon,
which was used cheaply for generic inhalers [44]. The high
cost of COPD medications significantly impacts those with
more limited resources.

Even patients who have health insurance, including
Medicare and Medicaid, may be burdened by high levels of
cost sharing through co-pays or gaps in drug coverage. Low-
income persons with Medicare coverage are disproportionate-
ly more impacted by high out-of-pocket costs than their
higher-income counterparts despite efforts to lower costs
through Medicaid coverage, subsidies, and vouchers [45].
One study found that even a monthly out-of-pocket cost of
less than 100 dollars per month resulted in substantial cost-
related medication non-adherence among Medicare
Beneficiaries. Unfortunately, this effort to curb personal
costs can lead to higher symptom burden. Beyond in-
haler costs, some COPD patients also incur the cost of
chronic oxygen use, the direct cost of which can reach
into the thousands of dollars.

The per-person healthcare costs including direct costs to
the patient only increase with the comorbidity burden. It is
well established that patients with COPD are at high risk for
cardiovascular and circulatory disorders, malignancy, coagu-
lopathy, and depression both because of epidemiological fac-
tors and because of shared pathobiology such as a chronic
inflammatory state [46]. The Agency for Healthcare
Research and Quality finds that for patients with no chronic
healthcare conditions, out-of-pocket spending is less than
$300 per year. For each additional comorbidity, the annual

cost to patients increases by about $200-300 per condition
such that the annual out-of-pocket healthcare spending for a
person with five chronic healthcare conditions (for example, a
patient with COPD along with hypertension, coronary dis-
ease, atrial fibrillation, and diabetes) is about $1600
[47]. COPD patients incur significantly more direct
costs than those without COPD but with an otherwise
similar comorbidity profile [48].

The personal economic burden of COPD extends beyond
the direct costs of hospitalization, outpatient visits, medica-
tions, and other therapies. Patients with COPD also have more
absenteeism hours and more time spent on short-term disabil-
ity than those without COPD, which is especially pronounced
among frequent exacerbators. The indirect costs of this missed
work add up to about $7000 per patient per year [48]. These
costs were studied in patients who are eligible for short-term
disability, which may not be the case for workers who fall
below a certain earning threshold or depend upon contracted
work. For patients who work hourly jobs, who are the sole
earners for their family, or who are undocumented and unpro-
tected, the indirect costs of missing work are likely even
higher relative to earnings. For women, who earn 70-80%
the hourly wage of men—and for women of color for whom
this discrepancy is even more pronounced [49]—the impact of
these indirect costs of COPD is greater.

Since many low SES patients with COPD have a history of
occupational exposures, their employment possibilities may
be limited after diagnosis. For example, agricultural workers
may find their COPD symptoms are exacerbated by dust or
other environmental exposures, limiting their ability to work.
Patients who find themselves temporarily or permanently dis-
abled by their COPD might find that they are no longer able to
work in industries that require heavy lifting or other physical
labor because of dyspnea. This is especially burdensome for
those patients with low educational achievement or little vo-
cational training for whom changing fields is difficult.

While not in mainstream practice to date, new technologies
to monitor patient symptoms, educate, and potentially inter-
vene offer promise to improve outcomes. Their effects will
likely not be applied equally though, as patients with low
SES, more advanced age, and worse overall health are less
likely to use communication technologies and performed
more poorly on simulated electronic health tasks [50].

Outcomes

SES, sex, and ethnicity influence patient-focused outcomes
(dyspnea, exacerbation frequency) and mortality. Low SES
is associated with more exacerbations, less access to care,
worse symptom burden, and lower FEV1 [36, 38, 51].
Although white patients have a higher prevalence and mortal-
ity of COPD, black patients experience higher hospitalization
rates, worse COPD-related quality of life, and their mortality
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is not declining at the same rate as white patients [36, 38, 52,
53]. Women are more than three times as likely than men to
have severe disease at time of diagnosis [54]. Women also
have higher reported dyspnea when controlled for FEV de-
spite less tobacco exposure and lower age [34].

Mortality

The impact of the aforementioned disparities is most clearly
and poignantly seen in mortality. While age-adjusted mortal-
ity rates for men declined between 1999 and 2014, there was
no change for women [5, 55]. More recent US estimates dem-
onstrate mortality has decreased in American Indians, Asian/
Pacific islanders, and Hispanics, but not in African-Americans
[55]. A longitudinal, population-based study of Canadian ad-
ministrative data demonstrated while overall mortality rates
declined between 1996 and 2011, the difference between the
lowest and highest socioeconomic quintiles increased by 28%
[51]. This population of Canadians had access to universal
healthcare insurance; health disparity by wealth is likely more
pronounced in other health systems that do not provide robust
coverage for the poor. These data illustrate the direct and
quantifiable but uneven gains in COPD treatment.

Health-Related Quality of Life

It is well recognized that COPD is associated with poor health-
related quality of life (HRQOL), though this is disproportion-
ately represented in low SES groups, racial and ethnic minor-
ities, and women [56]. HRQOL is inherently complex to de-
fine. In COPD, exacerbation frequency, depression/anxiety,
symptom burden, and social isolation are considered major
determinants. In a recent assessment of the COPDGene co-
hort, which stratified subjects by income, those with lower
income were more likely to have severe exacerbations, chron-
ic bronchitis symptoms, and lower HRQOL [7]. In a cross-
sectional Spanish study of outpatients with COPD,
women were more likely to have exacerbations and a
higher symptom burden than men, regardless of the de-
gree of airflow obstruction [57].

In research settings, HRQOL in COPD is usually assessed
by the St. George’s Respiratory Questionnaire, though there is
evidence that this metric does not adequately capture depres-
sion [58] and impaired peripheral oxygen consumption [59],
two of the main drivers of poor HRQOL. Several other screen-
ing tools have variable specificity for determinants of
HRQOL, and the best combination of screening tools to elicit
the exact cause of poor HRQOL is not yet known [60]. There
has been considerable interest in assessing genetic pathways
involved in depression and anxiety in COPD, though this is
not yet a viable approach [61].

There is conflicting data on the treatment effects of factors
related to poor HRQOL in disadvantaged groups. As an
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example, pulmonary rehabilitation programs are known to
help COPD patients regardless of SES status [62] or sex
[63]. In fact, it is possible that women in particular may benefit
from pulmonary rehabilitation more than men due to in-
creased loss of quadriceps muscle fibers and strength given
the same degree of airflow obstruction as men [64]. Counter to
this, a recent randomized trial assessed the effectiveness of an
intensive transition program to assist patients admitted with
COPD exacerbations return home with education and nursing
evaluations [65]. The study found an unexpected increase in
recurrent exacerbations in the intervention arm, which was
disproportionately seen in lower SES groups.

Conclusions

COPD remains a prevalent, serious disease that suffers from
variable diagnostic criteria, diagnostic bias, imperfectly un-
derstood risk factors, and unevenly distributed care.
Consequently, SES, ethnic minorities, rural communities,
and women suffer disproportionately with this disease. The
reasons for this are sometimes clear (e.g., poor access to
healthcare, higher smoking rates) and sometimes less clear
(e.g., women’s biologic response to smoking that leads to
more airway and alveolar damage). Despite a large impact
on the US population both in terms of prevalence and morbid-
ity/mortality, research for COPD has traditionally received
appreciably less funding when compared to cancer, heart dis-
ease, and other diseases [66]. More recently, there has been a
concerted approach to improve research and implementing
strategies to improve COPD care. Internationally (e.g.,
World Health Organization’s diagnosis and prevalence stud-
ies), nationally (e.g., National Institute of Health’s National
Action Plan), and locally (e.g., California’s Tobacco Related
Disease Research Program) have supported researchers and
clinicians alike to improve the health of COPD patients.
Further efforts to improve the health of patients with COPD
should consider social, economic, geographic, and gender dis-
parities and assure that interventions to be evenly applied.

Key References

* Pivotal publication on gender bias influencing COPD di-
agnosis [35].

*  Superb review on the effects of gender in COPD patho-
genesis, diagnosis, and treatment [34].

* A granular epidemiologic report on COPD and socioeco-
nomic determinants [14].

* A recent study on the impact of socioeconomic status on
COPD [7].

* A recent epidemiologic study on air pollution and lung
function/COPD [13].
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* A study demonstrating the association between rural com-
munities and higher COPD exacerbation rates [16].

* Anargument for changing the criteria for COPD diagnosis
to include imaging evidence of emphysema [22].

* An analysis of the BOLD data showing issues with both
over and under-diagnosis [23].

* A superb review/editorial about the future challenges of
clinical COPD care [36].

» Adiscussion of the social factors that influence pulmonary
rehabilitation completion [40].

* Self-management and transition care for COPD exacerba-
tions [65].

* Analysis of the COPDGene data showing gender and race
differences in COPD diagnosis [25]

*  Superb review of over and under-diagnosis of COPD [19].

* Review of the health disparities in respiratory diseases
relating to management [37]
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