
R E S E A R C H Open Access

This is a U.S. Government work and not under copyright protection in the US; foreign copyright protection may apply 2024. Open Access  This 
article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and 
reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative 
Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article’s Creative 
Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence 
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

Anzueto et al. BMC Pulmonary Medicine          (2024) 24:395 
https://doi.org/10.1186/s12890-024-03194-4

BMC Pulmonary Medicine

*Correspondence:
Antonio Anzueto
anzueto@uthscsa.edu
1South Texas Veterans Healthcare System, Division of Pulmonary 
Diseases/Critical Care Medicine, University of Texas Health, 111 E 7400 
Merton Minter Blvd, San Antonio, TX 78229, USA

2Boehringer Ingelheim Inc, Ridgefield, CT, USA
3Cerner Enviza, New York, NY, USA
4Pulmonary and Critical Care Medicine, Johns Hopkins University School 
of Medicine, Baltimore, MD, USA

Abstract
Background Prompt and effective management with maintenance therapy (single or dual bronchodilator therapy) 
is recommended after the initial diagnosis of chronic obstructive pulmonary disease (COPD) to maintain lung 
function and prevent exacerbations. Contrary to guideline-based recommendations, most patients are not prescribed 
maintenance treatment at initial diagnosis. The current study assessed the pharmacologic treatment patterns and 
outcomes of newly diagnosed patients with COPD in the USA.

Methods This retrospective, noninterventional study used de-identified data from the Inovalon Insights’ database 
(Commercial, Medicaid Managed Care, and Medicare Advantage–insured individuals) between January 1, 2015, 
and December 31, 2021. The “patient journey” from initial diagnosis was followed over a 4-year period. The primary 
outcome measure was the number of moderate or severe exacerbations. Secondary outcome measures included 
the cumulative incidence of exacerbations, mean cumulative count of moderate and severe exacerbations, rates of 
moderate and severe exacerbations in patients who remained untreated after diagnosis in 12-month time periods for 
4 years, sociodemographic and clinical characteristics, and pharmacologic treatment patterns.

Results The cohort consisted of 238,158 newly diagnosed patients with COPD (female [52.9%]; mean age 63.8 
years). The majority of patients with COPD had Medicaid as their primary insurance (46.2%). Overall, during the 4-year 
follow-up period, 32.9% of the patients had at least one moderate or severe exacerbation, and 25.8% and 13.8% 
experienced moderate and severe exacerbations, respectively. At diagnosis, 86.2% of the patients were untreated 
and most remained untreated by the end of the follow-up (63.8%). Most patients (62.0%) received long-acting beta-
agonist (LABA)/inhaled corticosteroids (ICS) as their initial treatment at diagnosis, and LABA/ICS continued to be the 
most common initial treatment during the 4-year period (64.0% at year 1; 58.0% at year 4).

Conclusions Most patients with COPD were not treated at initial diagnosis and remained untreated during 
follow-up. Our data highlight a lack of adherence to recommendations for clinical practice.

Keywords COPD, Exacerbations, Newly diagnosed, Treatment patterns, Maintenance therapy

Treatment patterns in patients with newly 
diagnosed COPD in the USA
Antonio Anzueto1*, Sheri Rogers2, Bonnie Donato2, Beverly Jones2, Kushal Modi3, Abisola Olopoenia3 and 
Robert Wise4

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-024-03194-4&domain=pdf&date_stamp=2024-8-17


Page 2 of 12Anzueto et al. BMC Pulmonary Medicine          (2024) 24:395 

Background
Chronic obstructive pulmonary disease (COPD) is the 
sixth leading cause of death in the United States (US) [1]. 
COPD is often characterized by periods of intensified 
disease activity, known as exacerbations. Exacerbations 
are characterized by a worsening of respiratory symp-
toms, such as cough, phlegm production, and dyspnea, 
which normally last for more than 1 or 2 days [2]. As 
COPD exacerbations are associated with a worsening of 
the disease, they are often linked with increased morbid-
ity, mortality, and high healthcare costs [2, 3].

Previous studies, including the ECLIPSE study and a 
more recent retrospective study from Germany, have 
concluded that most patients with COPD are not fre-
quent exacerbators in the first years after diagnosis [4, 
5]. COPD treatment strategies are tailored based on the 
severity of symptoms and the frequency and risk of exac-
erbations. Moderate exacerbations have generally been 
treated with oral systemic corticosteroids, bronchodila-
tors, and antibiotics, while severe exacerbations require 
hospitalization [3, 6].

Maintenance therapy may aid in preventing exacerba-
tions. In 2011, the Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD) report recommended the 
treatment of patients with COPD using a short-acting 
bronchodilator, long-acting bronchodilator, or inhaled 
corticosteroids (ICS) and a long-acting bronchodilator, 
based on severity of the disease [3]. In the 2024 GOLD 
report, recommendations for maintenance therapy advo-
cated the use of single or dual long-acting bronchodilator 
combination (long-acting beta-agonist [LABA] + long-
acting muscarinic antagonist [LAMA]). Patients with at 
least two moderate exacerbations or at least one exac-
erbation per year leading to hospitalization were rec-
ommended to be treated with LABA + LAMA, with a 
consideration to use triple therapy (LABA + LAMA + ICS) 
for those with elevated blood eosinophil counts (≥ 300 
cells/μL) plus a history of moderate/severe exacerbations 
in the year prior. The use of LABA + ICS for COPD is not 
recommended in the 2023 guidelines; instead, triple ther-
apy should be considered where indicated [7].

Previous real-world evidence analyses conducted in 
2012, 2014, and 2023 have shown that 59-71% of patients 
are not prescribed maintenance pharmacological therapy 
(long-acting agents) at initial diagnosis, and ICS is often 
overprescribed [8–10], in contrast to current guideline-
based recommendations [3, 7]. Prompt and effective 
management with single or dual bronchodilation is rec-
ommended after the initial diagnosis of COPD to opti-
mize lung function and prevent exacerbations [7].

In the US, patients presenting with COPD are typi-
cally initially evaluated by primary care physicians and 
only a subset of patients is referred to specialist care [11]. 
Generally, most patients with COPD receive care from 

a primary care provider, and lack of awareness of guide-
lines may lead to a delay between COPD diagnosis in the 
primary care setting and progression/referral to second-
ary care [12, 13]. Although GOLD advocates that spi-
rometry should be undertaken to establish the diagnosis 
of COPD [7], only 30-37% of patients are diagnosed with 
spirometry, with most cases being diagnosed clinically 
[11, 14–16].

The potential impact of delaying optimal treatment on 
exacerbations and care utilization remains unclear. Here, 
we report the results of a retrospective inception cohort 
study in which the frequency of COPD exacerbations was 
determined in newly diagnosed patients throughout their 
patient journey in the 4 years after diagnosis. We also 
report exacerbation outcomes for patients who did not 
receive guideline-based therapy after the initial diagnosis 
and the treatment patterns of pharmacological interven-
tions in the 4 years of follow-up.

Methods
Study design
This retrospective, noninterventional study used de-iden-
tified data from the Inovalon administrative claims data-
base to create an inception cohort. The study period was 
between January 1, 2015, and December 31, 2021.

The Inovalon database is representative of the insured 
US population and includes over 150  million covered 
lives between 2015 and 2021, including individuals 
insured with commercial, Medicaid Managed Care, and 
Medicare Advantage. The Inovalon Insights’ database 
provides information about patients across multiple plan 
types, offers the ability to follow patients longitudinally, 
and is compliant with the Health Insurance Portabil-
ity and Accountability Act (HIPAA) regulations. Addi-
tionally, mortality data for the study population were 
obtained from Datavant; Datavant comprises aggregate 
mortality data that covers more than 85% of US deaths.

The study design incorporated a 1-year pre-index 
period before the index date to establish the baseline 
period and a 4-year follow-up period to characterize 
COPD exacerbations (Supplementary Fig. S1). The vari-
ables collected from the database included COPD exac-
erbations (moderate or severe), pharmacologic treatment 
patterns, demographic characteristics (age, sex, region, 
and insurance type), and the calendar year of cohort 
entry.

This study was conducted in compliance with the prin-
ciples of the Declaration of Helsinki and the Guidelines 
for Good Pharmacoepidemiology Practice. The study was 
reviewed and approved by the Pearl Institutional Review 
Board (Indianapolis, IN, USA; 19-KANT-204).
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Study population
Patients were included in the study cohort if they had 
received a diagnosis of COPD between January 1, 2016, 
and December 31, 2017, defined as any inpatient or out-
patient claim [17]. Furthermore, patients must have had 
continuous medical and prescription insurance enroll-
ment for 12 months in the pre-index period up until 4 
years post-index date or until death and be aged ≥ 40 
years at the index COPD diagnosis date.

Patients were excluded if, during the pre-index period, 
they were diagnosed with asthma or other respiratory 
diseases, COPD, any cancer, or clinically significant car-
diovascular disease. Patients were also excluded if they 
had a history of lung surgery in the pre-index period, his-
tory of severe alpha-1-antitrypsin deficiency during the 
pre-index period, evidence of any endobronchial valve 
placement procedure during the study period, evidence 
of moderate or severe exacerbation in the 4 weeks prior 
to the COPD diagnosis index date, repeated hospital vis-
its or admissions for respiratory infections, or evidence 
of COPD exacerbation in the pre-index period without 
receiving a COPD diagnosis (12 months).

Outcome measures
The primary outcome measure of the study was the num-
ber and rate of moderate and/or severe exacerbations, 
assessed using diagnostic codes for relevant diagnoses 
and the National Drug Code for prescription medications 
during the 4-year follow-up period.

Secondary outcome measures included sociode-
mographic characteristics, including age, sex, region, 
and insurance type, as well as clinical characteristics, 
including comorbidities and medication use. Treatment 
classes were determined based on the last claim prior 
to the specific 12-month block being assessed, including 
untreated (comprising those who received rescue medi-
cation [short-acting] or no COPD medications), LAMA 
or LABA monotherapy, LABA + ICS, LAMA + ICS, 
LAMA + LABA, or triple therapy (LABA + LAMA + ICS). 
The treatment patterns were determined at the time of 
COPD diagnosis and at the end of years 1, 2, 3, and 4.

Definitions
Initial exacerbations were defined as the first exacerba-
tions following the index COPD diagnosis. Documenta-
tion of more than one exacerbation within a 2-week time 
frame was considered a single exacerbation, with the 
highest-severity exacerbation taking precedence. Sub-
sequent exacerbations were defined as those occurring 
after a 2-week period following the initial exacerbation.

Moderate COPD exacerbations were defined based 
on one of the following criteria: an ambulatory (office/
outpatient) visit with a COPD diagnosis in any posi-
tion + a pharmacy claim for an oral corticosteroid (OCS) 

prescription within ± 7 days of this visit, an ambulatory 
visit with a COPD diagnosis in any position + a pharmacy 
claim for an antibiotic within ± 7 days of this visit, or an 
ambulatory visit with a COPD diagnosis in any posi-
tion + a pharmacy claim for an OCS and an antibiotic 
prescription within ± 7 days of this visit.

Severe COPD exacerbations were defined based on one 
of the following criteria: inpatient admission or emer-
gency department (ED) visit with a COPD diagnosis in 
the primary position; inpatient admission or ED visit 
with an acute respiratory failure diagnosis in the primary 
position and a COPD diagnosis in any position; inpatient 
admission or ED visit with a pneumonia diagnosis in the 
primary position and a COPD diagnosis in any position; 
or inpatient admission or ED visit with an acute respira-
tory failure diagnosis plus an inpatient admission/ED 
visit within ± 7 days with a COPD diagnosis code in any 
position.

Untreated patients were defined as those who received 
short-acting rescue medication only (no maintenance 
COPD medication) or those receiving no treatment for 
COPD.

Outcomes
The primary outcome of this study was the number and 
rate of moderate or severe exacerbations among patients 
with newly diagnosed COPD over a 4-year period (irre-
spective of treatment). Participants who died during a 
measurement period were excluded from that corre-
sponding (current) period and all future periods.

Secondary outcomes included the evaluation of the 
cumulative incidence of moderate and severe exacerba-
tions and the mean cumulative count of moderate and 
severe exacerbations among patients with newly diag-
nosed COPD in 12-month time periods over 4 years. Fur-
thermore, we characterized the sociodemographic and 
clinical characteristics of patients who were treated and 
those who remained untreated at the time of diagnosis, 
assessed the prescribed treatment classes for (initially) 
untreated patients at year 1 (and at 12-month time peri-
ods for 4 years for each “untreated” patient group), and 
evaluated the rates of moderate and severe exacerbations 
in patients who remained untreated after diagnosis in 
12-month time periods for 4 years.

In a separate analysis, the rate of moderate and severe 
exacerbations among the untreated patient population 
was also examined.

Statistical analysis
The covariates included age, sex, region, insurance 
type, calendar year of cohort entry, prescriber specialty, 
comorbidities, healthcare utilization, and other medi-
cation use. De-identified, processed, and cleaned data 
were directly exported from Inovalon into the statistical 
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software SAS 9.4 (SAS Institute, Cary, NC, US). Data 
were analyzed by Cerner Enviza.

Descriptive statistics were reported for all study vari-
ables, including baseline characteristics and outcomes. 
Frequencies and percentages were reported for cat-
egorical variables, with means and standard deviation 
(SD) or variable ranges for continuous or discrete vari-
ables. Moderate and severe exacerbations were assessed 
separately as well as in combination (any exacerbation). 
Among patients newly diagnosed with COPD, the pro-
portion of patients with moderate and/or severe COPD 
exacerbations was calculated as follows:

[Number of patients with moderate/severe exacer-
bations] ÷ [Total cohort].

The rate of moderate and/or severe COPD exacerbations 
was also calculated in 12-month time periods among the 
overall population as well as among the untreated popu-
lation as follows:

[Number of moderate/severe exacerbations] ÷ [Per-
son-years of follow-up since COPD diagnosis over 
the entire 4-year follow-up period (in 12-month 
blocks)].

Results
Participants
A total of 238,158 patients with a COPD diagnosis met 
the eligibility criteria and were included in the cohort 
(Supplementary Fig. S2). The mean (SD) age of the 
cohort was 63.8 (22.2) years. The majority of patients 
were female (52.9% vs. 47.1% male), residing in the South 

(40.5% vs. 17.1% in the Northeast, 22.1% in the Midwest, 
and 20.3% in the West), insured by Medicaid Managed 
Care (46.2% vs. 29.1% by commercial, 37.3% by Medi-
care Advantage, and 6.5% by unknown insurance), and 
entered the cohort in 2016 (67.3% vs. 32.7% in 2017) 
(Table 1).

Exacerbations across clinical characteristics
Of the total cohort, 61,516 (25.8%) and 32,935 (13.8%) 
patients experienced moderate and severe exacerba-
tions, respectively, during the 4-year follow-up period 
(Table 2). Overall, 32.9% of the patients had at least one 
exacerbation (moderate or severe), and of all exacerba-
tions that occurred during follow-up, 69.1% were moder-
ate and 30.9% were severe (Table 2).

Patients who had moderate and severe exacerbations 
were predominantly female (57.0% and 56.5%, respec-
tively), aged 55–64 years (40.2% and 41.0%), residing 
in the South (44.4% and 41.7%), and insured by Medic-
aid Managed Care (32.1% and 41.7%). However, there 
were no clear differences, in terms of sex, age, region, or 
insurance type, between those with moderate or severe 
exacerbation types (Table 2). The mean number of mod-
erate and severe exacerbations was similar across sex, 
age, region, and insurance type (Table  2). Furthermore, 
the mean number of moderate and severe exacerba-
tions remained relatively stable over the 4-year follow-up 
period (Table 2).

Exacerbations occurred most frequently in the first 
year after COPD diagnosis and trended downward fol-
lowing the first year. In year 1, 43.2% of patients had a 
moderate exacerbation, which decreased to 30.8% in year 
4 (Table  3). This pattern was also observed for severe 
exacerbations, with 41.8% of patients having a severe 
exacerbation in year 1 and 27.0% in year 4 (Table 3).

Rate of moderate, severe, and any exacerbations (in 
person-years) among newly diagnosed patients over the 
4-year study period.

After exclusion for mortality (Supplementary Table S1), 
the rate of exacerbations peaked in the first year, after 
which it remained fairly constant over the 4-year period 
(Fig.  1A). The rates of moderate and severe exacerba-
tions in the first year following the initial COPD diag-
nosis were 0.15/person-years and 0.07/person-years, 
respectively (Fig. 1A). The rates of moderate and severe 
exacerbations, respectively, in the subsequent years were 
0.16/person-years and 0.07/person-years for year 2, 0.15/
person-years and 0.06/person-years for year 3, and 0.13/
person-years and 0.06/person-years for year 4 (Fig. 1A).

After exclusion for maintenance treatment in addition 
to mortality, exacerbation rates peaked at year 1 but were 
relatively low across the entire 4-year period following 
the initial COPD diagnosis, and the rates declined gradu-
ally over the follow-up period (Fig. 1B). In the initial year 

Table 1 Characteristics of the study population
Characteristics Total (N = 238,158)
Age (Years) Mean (SD) 63.8 (22.2)
Sex Female 126,087 (52.9)

Male 112,069 (47.1)
Unknown 2 (0.0)

Region Northeast 40,707 (17.1)
Midwest 52,593 (22.1)
South 96,442 (40.5)
West 48,391 (20.3)
Unknown 25 (0.0)

Insurance Type Commercial 69,286 (29.1)
Medicaid Managed Care 110,133 (46.2)
Medicare Advantage 88,913 (37.3)
Unknown 15,463 (6.5)

Cohort Entry Year 2016 160,353 (67.3)
2017 77,805 (32.7)

Data are presented as n (%) unless specified otherwise

SD: standard deviation
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following COPD diagnosis, the rate of moderate exacer-
bations was 0.05/person-years and that of severe exac-
erbations was 0.03/person-years (Fig.  1B). The rates of 
moderate and severe exacerbations after COPD diagno-
sis, respectively, were 0.03/person-years and 0.02/person-
years in year 2, 0.02/person-years and 0.01/person-years 
in year 3, and 0.01/person-years and 0.00/person-years in 
year 4 (Fig. 1B).

Subgroup analyses
We compared the rates of exacerbations by the place of 
diagnosis and found that the rates of both moderate and 
severe exacerbations were higher among those diagnosed 
in the inpatient setting (N = 90,678) than those diagnosed 
in the outpatient setting (N = 147,480), and this was con-
sistent across the entire 4-year period (Supplementary 
Table S2, Supplementary Fig. S3). In both inpatient and 
outpatient settings, the rates of moderate and severe 
exacerbations peaked in the first year of diagnosis and 
then gradually declined  (Supplementary Table S2, Sup-
plementary Fig. S3).

Demographics of the treatment groups
In the overall cohort (N = 238,158), 32,981 (13.8%) 
patients were treated within 30 days of being diagnosed 
with COPD, 53,187 (22.3%) patients received treatment 
during follow-up after diagnosis, and 151,990 (63.8%) 
patients remained untreated during the entire 4-year fol-
low-up period (Table 4). The sex distribution was similar 
across all treatment groups (Table 4). Patients aged 55–64 
years constituted the highest proportion across all treat-
ment groups (Table 4). Medicaid was the most common 
insurance type across all treatment categories (Table 4).

Exacerbations were more common among those who 
were treated than those who remained untreated, with 
44.7% and 23.9% of those treated at diagnosis with mod-
erate and severe exacerbations, respectively (Table  4). 
Likewise, 46.5% and 26.6% of the patients treated during 
the follow-up period had moderate and severe exacerba-
tions, respectively (Table 4).

Treatment patterns across therapy classes
At the time of diagnosis, the majority (n = 205,177; 86.2%) 
of patients were untreated. Given that 40.4% (n = 96,258) 
of patients were prescribed short-acting bronchodila-
tors at diagnosis, we assessed the time until escalation to 
maintenance therapy within the 4 years of follow-up. Out 
of the group who received a short-acting prescription at 
diagnosis, 15.4% (36,610) of patients received a long-act-
ing prescription during follow-up, and 25.0% (n = 59,648) 
remained on short-acting treatment. The median time to 
first long-acting treatment prescription among patients 
prescribed a short-acting treatment initially was 6.0 
months (interquartile range [IQR] 1.0–19.0). In this 

group, LABA + ICS was prescribed in 61.2%, LAMA 
monotherapy in 23.5%, LAMA + LABA in 12.0%, LABA 
in 1.7%, and triple therapy in 1.6% of patients.

By the end of year 1, 13.2% of those who were untreated 
at diagnosis (n = 205,177) had received some form of 
treatment (63.7% received a LABA + ICS, 25.5% received 
LAMA monotherapy, 9.1% received LAMA + LABA, 
1.5% received LABA monotherapy, and 0.1% were pre-
scribed a triple therapy), and by the end of year 4, 3.7% 
of those who were previously untreated (n = 157,896) 
had received treatment (58.8% received a LABA + ICS, 
18.6% received LAMA monotherapy, 15.9% received 
LAMA + LABA, 5.6% were prescribed a triple therapy, 
and 1.1% received LABA monotherapy) (Table 5).

At the time of diagnosis, the most commonly received 
therapy among those receiving maintenance therapy was 
LABA + ICS (62.0%), which remained the most common 
form of treatment at the end of years 1 (64.0%), 2 (60.0%), 
3 (58.0%), and 4 (58.0%) (Fig. 2). Triple therapy was the 
least commonly received treatment, but its use increased 
over the years from < 0.01% at diagnosis to 5.0% at year 4 
of follow-up (Fig.  2). Of the total cohort, most patients 
(38.4%) received short-acting beta agonists (SABAs) 
at the end of year 1, which remained the most com-
mon treatment throughout the 4-year follow-up period 
(Table  6). The second and third most common treat-
ments were LABA + ICS and ICS alone during the entire 
4-year follow-up period, respectively (Table 6).

Discussion
In this retrospective study, we established an inception 
cohort of US patients newly diagnosed with COPD and 
followed their patient journey for 4 years after diag-
nosis. We found that 25.8% and 13.8% of the patients 
diagnosed with COPD (N = 238,158) had moderate and 
severe exacerbations, respectively. Additionally, 32.9% 
of the cohort had at least one moderate or severe exac-
erbation during the entire 4-year follow-up period.

Over the 4-year follow-up period, 63.8% of patients 
did not receive long-acting maintenance treatment, 
which is recommended by current guidelines to help 
optimize lung function, reduce exacerbations, and 
improve quality of life [7]. These exacerbation rates 
were slightly lower than those reported previously 
[18]. Pasquale et al. performed a retrospective analy-
sis of pharmacy claims data obtained between 2007 
and 2009 and found that in the 2 years of follow-up 
after diagnosis, 49.8% of the overall population had an 
exacerbation [18]. The study focused on patients with 
COPD who had chronic bronchitis, which is different 
from the population in our study.

Although the proportion of exacerbations was lower 
than that observed in previous studies, those who 
had exacerbations had multiple exacerbations, 25.8% 
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(n = 61,516) had at least one moderate exacerbation, 
which contributed to 69.1% (n = 128,794) of total exac-
erbations; similarly, 13.8% (n = 32,935) of severe exac-
erbators contributed to 30.9% (n = 57,581) of overall 
exacerbations. Exacerbation rates were noticeably 
lower among those who remained untreated during 
each year of follow-up and exacerbation rates among 
all patients decreased with each additional year of 
follow-up (exacerbation [any] rate in person-years for 
all patients newly diagnosed with COPD versus those 
newly diagnosed with COPD and were untreated: 0.23 
vs. 0.08; 0.22 vs. 0.05; 0.22 vs. 0.03; 0.19 vs. 0.01, for 
years 1, 2, 3, and 4, respectively).

The exacerbation rates in this study may reflect 
an incident COPD population with a relatively low 
disease severity. A study conducted in Germany by 
Vogelmeier et al. grouped patients according to their 
baseline exacerbation risk as follows: (1) patients with 
no exacerbations in the 12 months prior, (2) patients 
with one moderate prior exacerbation, and (3) patients 
with either one severe or multiple prior exacerbations 
[5]. After 3 years of follow-up, the Vogelmeier study 
reported that most patients in the latter two groups 
had exacerbations (59.1% and 81.7%, respectively), 
while 35.9% of patients in the first group (no exacerba-
tions) experienced an exacerbation. The latter number 
is similar to our findings (with 25.8% of patients hav-
ing moderate and 13.8% severe exacerbations), sug-
gesting that our cohort may consist of a less severe 
patient population who had no prior exacerbations 
(as we excluded patients with evidence of moderate or 
severe exacerbations in the 4 weeks prior to the COPD 
diagnosis index date and those with evidence of COPD 
exacerbations in the 12-month pre-index period).

We found that in patients who received mainte-
nance treatment at baseline, the rate of exacerbations 
was 54.5% in year 1, suggesting that the baseline risk 
of exacerbations may be different across treatment 
categories, with those being treated for moderate-to-
severe COPD at a higher risk of exacerbations due to 
the greater severity of the disease. This was confirmed 
when we assessed the number of exacerbations for 
patients diagnosed in the inpatient or outpatient set-
tings, with those diagnosed in the inpatient setting 
having higher rates of exacerbations than those in the 
outpatient setting. While we were not able to directly 
examine the severity of COPD given the lack of clini-
cal data (e.g., spirometry results) in claims, those diag-
nosed in the inpatient setting are likely to have more 
severe COPD, which could explain the higher rates of 
COPD exacerbation observed in this subgroup.

The exacerbation rates were fairly stable in the over-
all population (prior to treatment censoring) and con-
sistent with those reported in a previous study, which Ta
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suggested that the frequency of exacerbations does not 
increase over time [19]. In contrast, a study from Can-
ada conducted in 2007 showed that those who expe-
rienced exacerbations were at a significantly higher 
risk of subsequent exacerbations [20]. The stable exac-
erbation rates in our study may be reflective of the 
study population, which comprised patients with their 
first diagnosis of COPD (of which a majority were 

diagnosed in the outpatient setting). Although patients 
diagnosed with asthma and other similar respira-
tory conditions were excluded, it is likely that most of 
our population may have had early/mild COPD. Our 
study included the period during the coronavirus dis-
ease 2019 (COVID-19) pandemic. This may have also 
affected the data, as patients were more home bound, 
were potentially more compliant with medication 

Table 4 Demographics and clinical characteristics across treatment groups
Treated With Maintenance 
Therapy at Diagnosis
(n = 32,981)

Treated With Maintenance 
Therapy† After Diagnosis 
(n = 53,187)

Untreated During the 
4-Year Follow-up‡ 
(n = 151,990)

n (%) n (%) n (%)
Sex (missing = 2) Female 17,869 (54.2) 29,680 (55.8) 78,538 (51.7)

Male 15,112 (45.8) 23,507 (44.2) 73,450 (48.3)
Age Group (years) < 45 1,242 (3.8) 1,909 (3.6) 6,000 (3.9)

45–54 7,931 (24.0) 12,292 (23.1) 28,793 (18.9)
55–64 14,445 (43.8) 22,335 (42.0) 49,467 (32.5)
65–74 6,290 (19.1) 11,395 (21.4) 41,402 (27.2)
> 74 3,073 (9.3) 5,256 (9.9) 26,328 (17.3)

Region Northeast 6,621 (20.1) 11,061 (20.8) 23,025 (15.1)
Midwest 7,982 (24.2) 11,503 (21.6) 33,108 (21.8)
South 13,478 (40.9) 21,833 (41.0) 61,131 (40.2)
West 4,896 (14.8) 8,785 (16.5) 34,710 (22.8)
Unknown 4 (0.0) 5 (0.0) 16 (0.0)

Insurance Type Commercial 4,859 (14.7) 7,930 (14.9) 28,481 (18.7)
Medicaid Managed Care 11,792 (35.8) 18,686 (35.1) 45,458 (29.9)
Medicare Advantage 6,793 (20.6) 12,873 (24.2) 31,354 (20.6)
Unknown/Other 9,537 (28.9) 13,698 (25.8) 46,697 (30.7)

Cohort Entry Year 2016 24,022 (72.8) 37,653 (70.8) 98,678 (64.9)
2017 8,959 (27.2) 15,534 (29.2) 53,312 (35.1)

Number of Patients 
with Exacerbations by 
Treatment*

Moderate 14,734 (44.7) 24,730 (46.5) 22,052 (14.5)
Severe 7,873 (23.9) 14,122 (26.6) 10,940 (7.2)
Any 17,961 (54.5) 30,967 (58.2) 29,439 (19.4)

COPD: chronic obstructive pulmonary disease; SD: standard deviation.  *Patients could have had more than one exacerbation; †With/Without Short-Acting 
Medications; ‡Could Have Received Short-Acting Medications

Fig. 1 Exacerbation rate (in person-years) among patients newly diagnosed with COPD over the 4-year study period. (A) Exacerbation rate after censor-
ing for mortality*; (B) Exacerbation rate after censoring for mortality and treatment†
*Censoring for mortality: Patients who died during each 12-month period were excluded from the corresponding period and all future periods
†Censoring for mortality and treatment: In addition to censoring for mortality, patients who initiated treatment during a 12-month period were excluded 
from that and future measurement periods
COPD: chronic obstructive pulmonary disease
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regimens, and may have practiced more frequent 
handwashing, which may collectively have resulted in 
less exposure to potential exacerbation triggers. After 
censoring at the initial treatment, our finding that the 
rates of exacerbation were high in the first year of fol-
low-up and decreased in each 12-month period over 
time may be reflective of heightened health awareness 

and healthcare resource utilization in the period ini-
tially following diagnosis.

At the initial COPD diagnosis, 86.2% of patients with 
COPD were untreated (no long-acting therapies, no 
short-acting reliever medication, or no treatment), and 
by the end of the 4-year follow-up period, the majority 
(63.8%) remained untreated. This is consistent with a 

Table 5 Patterns of first treatment across therapy classes, followed in 12-month blocks after COPD diagnosis
At the Time of 
Diagnosis
Treated 
n = 32,981

At the End of Year 1
Treated 
n = 27,141 

At the End of Year 2
Treated 
n = 11,865 

At the End of Year 3
Treated 
n = 8,275 

At the End of Year 4
Treated 
n = 5,906

Patients (n) % 
Among 
Treated

Patients 
(n)

% 
Among 
Treated

Patients 
(n)

% 
Among 
Treated

Patients 
(n)

% 
Among 
Treated

Patients 
(n)

% 
Among 
Treated

Group LABA 
Monotherapy

415 1.3 416 1.5 193 1.6 127 1.5 66 1.1

LAMA 
Monotherapy

9,983 30.3 6,929 25.5 2,666 22.5 1,637 19.8 1,098 18.6

LABA + ICS 20,459 62.0 17,287 63.7 7,164 60.4 4,864 58.8 3,475 58.8
LAMA + LABA 2,123 6.4 2,473 9.1 1,719 14.5 1,360 16.4 937 15.9
LAMA + LABA + ICS 1 0.0 36 0.1 123 1.0 287 3.5 330 5.6
Untreated 205,177 178,036 166,171 157,896 151,990

COPD: chronic obstructive pulmonary disease; ICS: inhaled corticosteroids; LABA: long-acting beta-agonist; LAMA: long-acting muscarinic antagonist

Fig. 2 Patterns of first maintenance treatment across therapy classes among treated patients with COPD
Treatment percentages represent the total proportion of newly treated patients prescribed a particular treatment therapy class in a 12-month period. 
For example, a total of 27,141 patients were treated in year 1, 62.78% of whom were treated with LABA + ICS, while in year 2, 60.38% of the total treated 
patients (n = 11,865) received LABA + ICS therapy
*Untreated patients with COPD were defined as those who received rescue medication only and no maintenance COPD medication
†Treated patients with COPD were defined as those with ≥ 1 prescription claim(s) for LAMA and/or LABA; LABA and ICS; LAMA and ICS; or LAMA, LABA, 
and ICS.
‡Defined as the 30-day post-index period (to accommodate delayed prescription filling time)
COPD: chronic obstructive pulmonary disease; ICS: inhaled corticosteroids; LABA: long-acting beta-agonist; LAMA: long-acting muscarinic antagonist
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previous report from the US in 2012, which mentioned 
that 70.9% of patients in the Medicare population and 
66.3% of those with commercial insurance did not 
receive maintenance treatment [8].

For those who did receive treatment, short-acting 
therapies, specifically SABAs (38.4% in year 1), were 
the most common treatment regimens for the patients 
in our cohort. Among the maintenance therapies pre-
scribed, ICS + LABA was the most common therapy, 
followed by LAMA monotherapy and LAMA + LABA, 
which remained consistent across all years of follow-
up. While ICS + LABA was a more common treatment 
during the time frame of this study, current guidelines 
suggest that this treatment is not optimal for most 
patients and that the LAMA + LABA combination is 
the preferred approach, offering advantages in terms 
of efficacy and tolerability [7]. The higher frequency of 
SABA use further suggests that a large proportion of 
our study population might have mild/early COPD.

The recommended guidelines for COPD treatment 
are LABA or LAMA used alone or in combination 
with the aim of relieving symptoms and improving 
quality of life [7]. Our finding that less than a third and 
only about a tenth of those treated received LAMA 
monotherapy and LAMA + LABA, respectively, sug-
gests a lack of compliance with recommended guide-
lines and an opportunity to further improve patient 
care [7]. Understanding the reasons behind the noted 
prescribing patterns in this study would be essential 
for improving the quality of life and overall patient 
journey of patients newly diagnosed with COPD.

As with all real-world evidence studies, this data 
analysis has some limitations. As this study utilized 

claims data, most measures were based on healthcare 
utilization; this may have introduced a selection bias, 
as patients had to seek care in a healthcare setting to 
be included in our cohort. There is also a risk of mis-
classification bias related to the definition of our vari-
ables. To address this bias, we varied the definition 
of severe exacerbations. Furthermore, we could not 
include a measure of COPD severity because of the 
unavailability of clinical measures.

Despite these limitations, this is one of the first stud-
ies to provide evidence of exacerbations in patients 
with untreated COPD. This study included a 4-year 
longitudinal follow-up of patients with COPD in the 
US. When a sensitivity analysis was completed using 
the years pre-COVID-19 pandemic only, we noted 
a similar pattern in healthcare resource utilization 
(HCRU); however, the overall magnitude of HCRU was 
higher prior to COVID-19. To assess the robustness 
of our findings, sensitivity analyses were incorporated 
around COVID-19 periods, severe COPD exacerba-
tions, and treatment definitions.

Conclusions
This study highlights the significant undertreatment of 
COPD in commercial, Medicare Advantage, and Med-
icaid Managed Care patients with COPD. Most patients 
with COPD were not treated at the initial diagnosis and 
remained untreated by the end of the 4-year follow-up 
period. The exacerbation rates among patients newly 
diagnosed with COPD were low. Although we were not 
able to define disease severity for this cohort of patients, 
and they may have less severe disease, our results reflect 
previous studies that illustrate that the majority of 

Table 6 Treatment patterns among overall cohort of patients with COPD
Year 1 Year 2 Year 3 Year 4
Patients 
(n, Not 
Unique)

% of Total 
Cohort

% of All 
Year 1 
Claims

Patients 
(n, Not 
Unique)

% of All 
Year 2 
Claims

Patients 
(n, Not 
Unique)

% of All 
Year 3 
Claims

Patients 
(n, Not 
Unique)

% of 
All 
Year 4 
Claims

Group ICS 39,093 16.4 14.7 34,826 14.5 32,751 13.8 28,977 13.2
LABA Monotherapy 1,218 0.5 0.4 1,035 0.5 1,882 0.7 3,968 1.4
LAMA Monotherapy 23,661 9.9 12.1 19,905 11.8 18,063 11.2 16,295 10.5
LABA + ICS 43,667 18.3 21.4 38,299 21.9 36,230 21.4 33,518 20.5
LAMA + LABA 5,941 2.5 2.4 6,863 3.4 7,759 4.2 7,842 4.6
LABA + LAMA+
ICS

103 0.0 0.0 702 0.2 2,387 1.0 4,022 2.1

Methylxanthine 
Monotherapy

927 0.4 0.5 833 0.5 714 0.5 614 0.4

PDE Monotherapy 472 0.2 0.3 495 0.3 558 0.3 622 0.4
SABA Monotherapy 91,418 38.4 39.6 75,805 38.6 71,640 38.7 65,606 39.1
SAMA Monotherapy 6,838 2.9 2.4 5,720 2.3 5,324 2.2 4,676 2.0
SAMA + SABA 17,031 7.2 6.1 13,869 6.0 13,705 6.0 12,259 5.8

COPD: chronic obstructive pulmonary disease; ICS: inhaled corticosteroids; LABA: long-acting beta-agonist; LAMA: long-acting muscarinic antagonist; PDE: 
phosphodiesterase; SABA: short-acting beta-agonist; SAMA: short-acting muscarinic antagonist
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patients are not frequent exacerbators. In addition, it is 
also possible (despite the requirement of two Interna-
tional Classification of Diseases [ICD] codes for COPD) 
that a small number of patients received incorrect diag-
nostic codes and did not actually have COPD. The rec-
ommended treatment guidelines were not adhered to in 
clinical practice, suggesting a lost opportunity to improve 
lung function, prevent exacerbations, and improve the 
quality of life in patients with newly diagnosed COPD.
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