Burden of chronic obstructive pulmonary disease:
Healthcare costs and beyond
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ABSTRACT

Chronic obstructive pulmonary disease (COPD) is a progressive and debilitating respiratory condition that leads to
significant burden, both medically and financially. It affects millions of people worldwide and causes significant morbidity and
mortality. Most detailed information related to its prevalence, morbidity, and mortality comes from high-income countries, but
90% of COPD-related deaths occur in low- and middle-income countries. Cigarette smoking is the main risk factor for
developing COPD, but other risk factors do exist and need to be recognized. A majority of morbidity and mortality as well as
health care costs occur from acute exacerbations of COPD with a known phenotype of patients being “frequent exacerbators.”
Health care costs for COPD are not only from treatment of exacerbations, such as hospitalization, but also medication costs for
maintenance therapy and outpatient treatment. COPD has been linked with many comorbidities leading to significant burden
of disease. The goal of this review is to evaluate the overall burden of disease including prevalence, morbidity, mortality, health

care costs, and economic costs.

(Allergy Asthma Proc 36:4-10, 2015; doi: 10.2500/aap.2015.36.3812)

hronic obstructive pulmonary disease (COPD) is a
progressive, debilitating respiratory condition
and is thought to be the most important respiratory
disease globally."”* Previously, it was thought that
COPD would be ranked fifth in overall burden of
disease and third in mortality worldwide by 2020.*°~
However, COPD met this mark in the United States
(U.S.) much earlier in 2008 and surpassed stroke be-
coming the third leading cause of mortality.>® World-
wide, 4.5 million people died from COPD in 2008,® and
in contrast to coronary heart disease and stroke, it is
the only leading cause of death that is still increasing.>”
In the U.S., COPD results in 15.4 million physician
visits, 1.5 million emergency department (ED) visits,
and 726,000 hospitalizations each year.'” The National
Heart, Lung, and Blood Institute estimated that there
were 14.8 million people in the U.S. with physician-
diagnosed COPD and another 12 million with undiag-
nosed COPD.” The worldwide unadjusted annual
death rate for COPD in 2008 was 45.3 per 100,000
population.>® However, COPD mortality is hard to
assess worldwide, due to nomenclature inconsistencies
COPD is not being listed as the cause of death on death
certificates; for this reason, COPD mortality is likely
underestimated.
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Cigarette use is the most common risk factor for
developing COPD, with patients more likely to have
COPD if they smoked one pack-per-day for 20 years or
more.>® Another important and established aspect is
that COPD is underdiagnosed in the general popula-
tion. A recent study has shown even the most severe
COPD patients are treated with medications only 50%
of the time.* Currently, there is no cure, but the overall
management goal is to improve health status, prevent
exacerbations, and prevent COPD-related complica-
tions and mortality.” The aim of this review is to evalu-
ate the overall burden of disease, including prevalence,
morbidity, mortality, health care, and economic costs.

PREVALENCE

An estimated 64-210 million people worldwide are
living with a diagnosis of COPD. This substantial pop-
ulation affected with COPD is expected to increase.'™*
Most detailed information about prevalence, morbid-
ity, and mortality is from high-income countries, but
90% of COPD-related deaths occur in low- and middle-
income countries." Different studies in the U.S. have
determined COPD prevalence to be between 5%-—
10%.7! In 2011, the Behavior Risk Factor Surveillance
System conducted a telephone survey of adults in the
U.S. Of the responders, 6.3% stated that he or she had
been diagnosed with COPD, which can be extrapolated
to approximately 15 million people.'* This same study
evaluated risk factors associated with COPD (Table
1)."* Additionally, a systematic review and metaanaly-
sis was performed looking at articles from 1990 to 2004
and determined the overall pooled prevalence of
COPD was 7.6% with similar risk factors (Table 1).
Once again, most of this data is from Europe and North
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Table 1. Common risk factors for the development
of COPD from two different studies

BRFSS U.S. Data

Systematic Review
from 28 Different
Countries

Prevalence of 7.6%

Age more than or equal
to 40 years old

Smokers

Gender, male

Residence, urban areas

Prevalence of 6.3%

Age more than or equal
to 65 years old

Smokers

Gender, female

Residence, Ohio and
Mississippi river
areas

Race, whites and blacks

Education, no high-
school diploma

Work status, unable to
work

Income, lower
household income

Relationship, not
married

Common risk factors for the development of chronic obstric-
tive pulmonary disease (COPD) from the Behavior Risk
Factor Surveillance System (BFRSS) study done in the
United States (U.S.)'? and from a systematic review that
included 28 different countries."> Common risk factors that
were reported include older age, active smokers, but different
in gender and location.

America and lacking data from other regions that may
have higher mortality."

COPD was thought to affect men and women
equally, but studies have noted COPD may be more
prevalent in women and, perhaps, more difficult to
treat."'*'* Data from the U.S. showed more women
than men died from COPD in 2000 with previously
more men dying than women.'” The diagnosis of
COPD in females increased in the United Kingdom as
well as Canada, whereas rates of diagnosis have pla-
teaued in males.'*'

Recent studies have shown more severe disease than
previously noted in both smokers and nonsmokers
with a substantial prevalence (3%-11%) in life-long
nonsmokers, most likely related to nontobacco envi-
ronmental exposures or infectious etiologies.'®

As noted, COPD is under diagnosed and may be
related to patients failing to recognize early symptoms
and restrict activities to avoid symptoms.'”'® Delays in
diagnosis may result in quicker progression of COPD
and inefficient or inappropriate consumption of health
care services as diagnosis usually occurs when a pa-
tient has lost 50% or more of original lung capacity."” A
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high-risk population study of smokers older than 39
previously not diagnosed with COPD found obstruc-
tion in 24.3% of these patients, and even more interest-
ing, obstruction was found in 14.4% of life-long non-
smokers.”

RISK FACTORS

Tobacco is still the main risk factor for COPD. Daily
cigarette consumption peaked in the 1970’s for males
and in the 1980’s for females,*! but smoking prevalence
has decreased in both groups recently, likely the result
of large-scale antismoking activities.”> Unfortunately,
20.6% of the U.S. adult population still smokes,** with
more than 293 billion cigarettes purchased in the U.S.
in 2011.%

Rate of death from COPD continues to increase
among both female and male smokers,” with the rel-
ative risk of death in both female and male smokers
doubling from the 1980s to the 2000s (9.98 versus
25.61).%* It is important to note that females have more
difficulty with quitting than men,* but quitting smok-
ing at any age dramatically lowers the mortality risk
with the ability to nearly avoid all the excess-smoking-
related deaths if cessation is achieved by age 40 (Fig.
1).2>2>?¢ This highlights the importance of tobacco ces-
sation in the primary treatment of COPD. All at-risk
patients need evaluation for COPD in the primary care
setting with many diagnoses missed in this setting.””
Cigarettes are not the only causal factor. This is appar-
ent especially in younger patients, females and people
who reside in developing countries.'!

The high prevalence of COPD in life-long nonsmok-
ers may be related to in utero exposure to tobacco,*®*
but other possible etiologies include occupational ex-
posures, traffic pollution, other outdoor pollution, and
secondhand smoke exposure as well as risk factors
associated with urbanization. These risk factors are
underappreciated for the development of COPD.**~32
Indoor pollution from biomass cooking and heating is

Never smoked or not
\sceptible to smoke
7 Smoked ™ - I
regularly and S Stopped smoking
susceptible ~ at 45 (mild COPD)
| to effects of ~ S I
smoke ~
N
Disability W
7 Stopped smoking
at 65 (severe COPD)
Death I
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25 50 75

Age (years)
Figure 1. Cessation of smoking in patients with COPD reduces the
mortality risk if achieved by age 40. This representation is one of

multiple Fletcher-Peto curves that was reprinted by permission
from Ref>



GOLD Grade

Severity

FEV, Percent Predicted

1

> 80%

2 Moderate

80% >FEV, = 50%

3

50% >FEV,; = 30%

4 Very Severe 30% =

Figure 2. GOLD grading of severity of airflow limitation in COPD based on 2007 guidelines. All patients had FEV,/FVC (forced vital

capacity) less than 0.70.

C D

mMRC 0-1 or CAT < 10 mMRC > 2 or CAT > 10
GOLD Airflow Limitation 3 or 4 GOLD Airflow Limitation 3 or 4
> 2 Exacerbations > 2 Exacerbations
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mMRC 0-1 or CAT < 10 mMRC = 2 or CAT = 10
GOLD Airflow Limitation 1 or 2 GOLD Airflow Limitation 1 or 2
0 or I Exacerbations 0 or 1 Exacerbations
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Figure 3. GOLD stratification of COPD guidelines for 2011 using
symptoms scores, airflow limitation, and number of exacerbations.

Symptom scores use either modified Medical Research Council
(mMRC) or COPD Assessment Test (CAT).

another risk with 3 billion people worldwide using this
as their main energy source.>** In addition, rare in-
herited disorders such as a-1 antitrypsin deficiency are
well-characterized risk factors for development of
corp."

GLOBAL INITIATIVE FOR OBSTRUCTIVE LUNG
DISEASE (GOLD)

GOLD is an organization that raises awareness about
COPD that first published GOLD guidelines in 2001
and focused primarily on the severity of obstruction
based on the patient’s forced expiratory volume in one
second (FEV,) (Fig. 2). However, since then, it has been
noted that there are many different phenotypes within
COPD and that FEV, is not the only variable to eval-
uate. The updated GOLD guidelines in 2011 stratify
COPD severity using FEV,, but also daily symptoms
that impact quality of life and history of exacerbations
(Fig. 3).%° The FEV, severity alone is a limited predic-
tor of disease status, including the burden of disease,
symptoms, and activity limitations as well as future
risk of exacerbations.’ With the new stratification, daily
symptoms are assessed with validated tests, including
the modified Medical Research Council dyspnea scale or
COPD Assessment Test score. A study looked at the two
versions printed in 2007 (Fig. 2) and 2011 (Fig. 3) and
found that the 2011 version does predict exacerbations
better, but the 2007 version predicts prognosis better.*

MORBIDITY AND MORTALITY

Morbidity includes symptoms, health care visits, and
quality of life related to COPD. Dyspnea is a poor
prognostic sign based on survival being significantly

Table 2. Comorbidities that have been associated
with COPD

Comorbidities Associated with COPD

Heart disease

Cancer

Mental health including depression and anxiety
Decreased bone mineral density
Musculoskeletal and connective tissue disorders
Vascular disorders

Gastrointestinal

Endocrine/metabolic/nutrition diseases

Sleep disorders

Substance abuse

COPD = chronic obstructive pulmonary disease.

less in patients with GOLD grades B and D (Fig. 3).
This brings to light the need to evaluate for symptoms,
as well as other comorbidities, that can lead to dys-
pnea.* The Behavior Risk Factor Surveillance System
survey collected more information related to morbid-
ity. It found that of the people with COPD, 64.2% had
shortness of breath that impaired their quality of life,
43.2% visited a provider for COPD-related symptoms
in the last year, and 17.7% had been seen in the ED or
admitted to the hospital for COPD.'? It has been well
documented that quality of life is reduced in patients
with COPD. This is more dramatic in patients with more
severe disease and frequent exacerbations.*** Overall,
morbidity increases with age in COPD patients and may
be affected by other comorbid conditions."*"

COPD has been associated with multiple comorbidi-
ties (Table 2).>*%**~*? In a Canadian study, 95% of the
patients had one or more comorbidities, with cardio-
vascular being the most common (75.1%).*° Mental
health comorbidities are associated with and exacer-
bate COPD. For example, one study found only 1.5% of
COPD patients suffered from substance abuse but had
the largest association with increased hospital admis-
sion.*! In addition, COPD patients commonly experi-
ence psychological comorbidities,® such as anxiety,*
with 10%-55% of patients having clinical anxiety dis-
orders.**** Anxiety is known to affect functional sta-
tus, health-related quality of life, and health care use.*
A study interviewed 14 patients with stable COPD and
found that anxiety was both a symptom and a cause of
breathlessness.*
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COPD causes significant mortality worldwide, but it
is hard to obtain accurate data worldwide.***” Statis-
tics note that COPD is the fourth leading cause of death
worldwide in 2004, leading to 3 million deaths. In 2008,
this increased to 4.5 million deaths.® This burden is
expected to increase with some estimating 5.8 million
deaths per year by 2030." In the U.S., COPD accounted
for 56.7% of deaths related to lung diseases and deaths
from COPD have increased, especially in females, over
the last 20 years.”'' As of 2008, COPD is the third
leading cause of death and now more women than
men die from COPD.*** The relative risk of mortality
from COPD in current smokers compared with non-
smokers is 25.61 for men and 22.35 for women with
mortality continuing to rise in both.*?

Outside of the U.S., different regions have signifi-
cantly higher mortality associated with COPD. Africa
and Asia currently account for almost 90% of COPD
deaths worldwide with China being affected the
most'6,50752

EXACERBATIONS

Exacerbations negatively affect patients” quality of
life and increase their risk of death.*>**° After an
exacerbation, symptoms and lung function take several
weeks to recover,® and exacerbations accelerate the
rate of irreversible worsening pulmonary func-
tion.?*>>?% These not only lead to decline in lung func-
tion, but treatment of exacerbations in the hospital is
costly. In Canada, COPD is the third leading cause of
hospitalizations for men.”® A study published in 2010
described and characterized the costs of COPD in the
hospital. It looked at 602 hospitals and calculated the
costs for COPD-related visits based on rates for 2008 in
the U.S. It determined the mean cost of an ED visit,
simple admission, and complex admissions to be
$6467, $7242, and $20,757, respectively. Intensive care
unit admission with intubation was the most expensive
at $44,909.°° A similar study out of Canada looked at
moderate to severe COPD patients and determined the
mean cost per exacerbation was $3036 Canadian dol-
lars with hospitalization representing 80% of the to-
tal.*

There also seem to be two COPD populations: pa-
tients with frequent exacerbations and patients that do
not have exacerbations. These phenotypes are high-
lighted in the new GOLD criteria (Fig. 3). Frequent
exacerbators cohort had 2.5 exacerbations per person-
years,” and the likelihood of having another exacerba-
tion increased with a history of two or more exacerba-
tions in the previous year and/or increasing severity of
disease.**” Exacerbations are treated with oral cortico-
steroids, which have shown to decrease the burden of
exacerbations by shortening recovery time, improve-
ment of lung function, and arterial hypoxemia. They
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also reduce the risk of relapse, treatment failure, and
the length of hospital stay, all reducing the overall
cost.” Along with oral corticosteroids, antibiotics are
used to treat exacerbations.®”~*® Short-term mortality is
reduced by 77% and treatment failure by 53%°*°° using
antibiotics. Unfortunately, it has been found that pa-
tients are significantly undertreated for exacerbations
with only 71% receiving oral corticosteroids if hospi-
talized and 43% if seen in an outpatient office, but 80%
received antibiotics in both groups.® This data suggest
significant opportunity to improve both inpatient and
outpatient management of COPD exacerbations.

HOSPITALIZATION

Hospitalizations are a major factor in the burden of
disease in COPD as noted with acute exacerbations.
Interestingly, hospitalization is higher in patients with
GOLD grade B compared with C because of increased
cardiac involvement and older age.* In 2000, patients
with physician-diagnosed COPD required 726,000 hos-
pitalizations in the U.S.1° In 2009, the National Heart,
Lung, and Blood Institute determined that the hospi-
talization rate per 10,000 population for COPD was
30.1 for 45-64 years old and 121.3 for people 65 years
or older. A recent study performed in North Carolina
found that there were 33,799 patients with diagnosed
COPD and 97,511 COPD-related ED visits. This is
equal to 13.8 ED visits per 1000 person years. In addi-
tion, 7% of these patients had a return ED visit within
30 days of their index visit, and 28% had a repeat visit
within the same year.*! This study also found 51% of
patients with COPD were admitted to the hospital
from the original ED visit, which is two times more
than all ED visits made by age-matched controls.*!
Subsequent hospital admission risk increased with age,
patients with congestive heart failure, substance-re-
lated disorders, or had respiratory failure and/or sup-
plemental oxygen.*! The previously mentioned study
looking at costs for treatment of exacerbations also
found the mean length of stay ranged from 4.5 days
(standard deviation 3.3) for simple admissions to 16.0
days (standard deviation 16.7) for intensive care unit
stays.” Death rates varied, which occurred in 0.9% of
simple admission compared with 26.5%-39.1% for ad-
missions with intubations.”® Conclusively, patients
with COPD have frequent ED visits, higher rates of
hospitalizations compared with controls, and readmis-
sion is common. In addition, length of stay and mor-
tality increase in more severe exacerbations.

ECONOMIC COSTS

Health Care Costs

Higher health care costs are associated with COPD
maintenance treatment and even more so with the
treatment of acute exacerbations. In Canada, patients



with COPD were enrolled in a study for three months
to assess health care costs. It found the mean annual
total COPD-related cost per patient to be $4147
(£$6255). Both the costs for maintenance therapy and
acute treatment increased as severity level increased.*
An interesting retrospective case-control study looked
at the cost of health care 36 months before the diagno-
sis of COPD. COPD patients used 1.5-1.6 times more
ED services and inpatient services and had more out-
patient visits.®® There was a marked increase use of
these services the month before diagnosis, suggesting
that patients are not diagnosed until they experience
acute exacerbations or a sudden change in respiratory
status. Even when adjusting for higher incidence of
comorbidities in these patients, having a COPD diag-
nosis was associated with significantly higher resource
use and treatment cost.”® Economic burden from
COPD is expected to increase secondary to the aging
population, tobacco use, and air pollution.”” A recent
review looked at studies that evaluated economic costs
in elderly patients specifically and found a trend of
direct cost growth in this population.®”

In 2010, the estimated total cost of COPD in the U.S.
was $36 billion with $32.1 billion related to health care
costs directly.®® Along with the burden of disease and
treatment costs, research funding directed at COPD is
also costly. In 2013, the National Institute of Health
funded $102 million for COPD research. However, this
is significantly less than the $1.9 billion for cardiovas-
cular disease and $282 million for stroke, even though
the rate of death from these diseases is decreasing
unlike COPD.*’

Medication Costs

Medication costs contribute to the overall health care
costs associated with COPD. It is important to note that
medication costs related to smoking cessation are cost
effective, especially when paired with counseling.”
Electronic cigarettes have become a very popular
smoking cessation aid in the general population and
now a billion-dollar industry. This was recently re-
viewed in detail by Nickels et al.”!

Medication costs also increase with severity. When
evaluated according to GOLD severity, the percentage
of patients taking inhaled corticosteroid/long-acting
B-agonist (LABA) combination, LABA and long-acting
anticholinergic medications was greater in patients
with more severe COPD.* In the Canadian study, 70%
of the $2475 per patient was from medication for main-
tenance treatment in moderate to severe COPD pa-
tients.*” In the U.S., prescription costs for COPD in
2008 were $20.4 billion.” Costs for maintenance medi-
cation can be elevated due to incorrect medication use.
This same study found that under one-third of patients
with either GOLD stage, one or two had more than two

acute exacerbations in the previous year. However,
over two-thirds of these same patients were on a com-
bination inhaled corticosteroid with LABA inhaler, in-
terventions recommended for more severe disease.*
Overall, mild to moderate COPD is more common than
severe COPD, but if providers are using medicine in-
correctly in this group, there will be increased cost for
the treatment of this population.*

CONCLUSION

Overall, COPD is associated with significant morbid-
ity, mortality, health-care use and reduced quality of
life. With this comes increased health care cost and
burden on the health care system. It is a serious public
health burden that needs to be addressed in the U.S.
and worldwide with the goal to prevent COPD, reduce
costs associated with the disease, and in the end, im-
prove the patient’s quality of life.
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