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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is 
prevalent in rural areas of the USA. Long-acting inhaled bronchodila-
tors (LABDs) are a key tool in COPD management and are underu-
tilized. The purpose of this study was to determine whether rates of 
prescriptions for LABD differed by payer among patients with COPD 
in a rural healthcare network.

Methods: In analysis 1, a random sample of patients with spirometry- 
and symptom-confirmed COPD over April 1, 2017 to December 31, 
2019 was identified. Patient characteristics, including payer status, 
extracted from medical records were compared for those who did and 
did not have any prescriptions for LABD during the study window. In 
analysis 2, patients with one or more COPD-related hospitalizations 
during the same time period were identified and similar comparisons 
were made by LABD prescription status.

Results: Among a random sample of patients with spirometry-con-
firmed COPD, 93.0% had been prescribed LABD during the study 
window with no difference in proportion by payer. Among the 461 
patients with a COPD-related hospitalization, 388 (84.2%) had been 
prescribed LABD, again with no difference in prescriptions by payer. 
Those with a COPD-related hospitalization who had been prescribed 
LABD were younger, had lower body mass index, were more likely to 
be current smokers and had higher rates of hospitalizations for COPD 
during the study period than those not prescribed LABD.

Conclusion: While disparities in LABD utilization may occur due to 
cost or other barriers to filling prescriptions, in our study, prescrip-
tions for LABD were common and did not differ by payer status.
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Introduction

Chronic obstructive pulmonary disease (COPD) is the fourth 
leading cause of death in United States [1]. The prevalence of 
COPD is higher among adults living in rural compared with non-
rural areas in the USA [2-4]. According to the National Health 
Interview Survey, 8.4% of US adults have COPD. Among rural 
adults, the prevalence of COPD is 12.7% and among rural resi-
dents experiencing poverty, the prevalence rises to 15.7% [5]. In 
addition to higher prevalence, rural adults experience a higher 
frequency of COPD exacerbations and mortality [6, 7]. Chal-
lenges to COPD management in rural areas include the lack of 
pulmonary disease specialists and longer distances to care [3]. 
Long-acting antimuscarinics (LAMAs) and long-acting beta2-
agonists (LABAs) are long-acting inhaled bronchodilators 
(LABDs) that can be used alone or in combination with each 
other or with inhaled steroids [8]. LABDs are important in the 
treatment of COPD as they have been demonstrated to decrease 
exacerbations which can be common and costly and impact 
quality of life for people with COPD [9]. Guidance provided 
by the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) initiates patients on LABD after assessing stage and 
severity of COPD using the ABCD assessment scheme and 
starts LABD if there has been more than one COPD exacerba-
tion leading to hospitalization irrespective of symptom burden, 
as measured by the modified Medical Research Council Dysp-
nea Scale (mMRC) [8, 10]. The purpose of this study was to 
determine whether the proportion of COPD patients in a rural 
healthcare network prescribed LABD differed by payer. This 
question arose in part out of an observation by the authors that 
participants in a pilot COPD self-management education pro-
gram for Medicaid enrollees were less likely to have heard about 
LABD, in contrast with participants in COPD support groups 
who were largely Medicare enrollees.

Materials and Methods

Design

This study was designed as a retrospective chart review of pa-
tients with COPD in a rural healthcare network. The network 
covers an eight-county region in central upstate New York in 
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which seven of the eight counties served meet the US Federal 
Office of Rural Health Policy’s definition of rural. The study pe-
riod ran from April 1, 2017 (the date at which billing through the 
network’s electronic medical record (EMR) system began that 
made it easier to accurately identify payer information) through 
December 31, 2019 (to exclude changes in health care utiliza-
tion patterns related to the coronavirus disease 2019 (COV-
ID-19) pandemic). We conducted two analyses using different 
definitions of COPD: spirometry-confirmed and hospitalization-
based. Figure 1 shows flow diagrams depicting the two analyses 
that comprised our study. The outcome of interest was having 
ever versus never been prescribed a long-acting inhaled bron-
chodilator (LAMA or LABA) during the study period. Patients 
with exceptions for use of LABD were excluded from this study.

Participants and procedure

In the first analysis, we examined prescriptions for LABD 
among patients with spirometry-confirmed COPD. This defini-
tion was based on the National Quality Forum measure #0102: 
Chronic Obstructive Pulmonary Disease (COPD): Long-Acting 
Inhaled Bronchodilator Therapy [11]. First, we identified pa-
tients aged 18 or older with possible COPD using International 
Classification of Disease Clinical Modification version 10 
(ICD-10-CM) codes: J41.x, J42.x, J43.x, and J44.x. Within this 
group, we identified patients with spirometry-confirmed COPD 
using the following definition: forced expiratory volume in 1 
second (FEV1)/forced vital capacity (FVC) < 70 with docu-
mented COPD symptoms (dyspnea, cough, and wheezing) and 
FEV1 < 60% predicted and no contraindications for LABD use. 

Because spirometry data were not accessible through a query 
in the EMR system, we conducted a manual chart review on a 
random sample of patients who had had spirometry done during 
the study period. To do this, we generated a random number 
list to select patients based on medical record number. In addi-
tion to excluding patients not meeting the spirometry-confirmed 
COPD definition, we excluded patients who had no prescrip-
tions during the study period. When a patient was not eligible, 
the reviewer (NS) moved on to the next record on the random 
number list. We continued reviews until reaching 100 eligible 
patients. The chart review involved abstracting spirometry val-
ues, COPD symptoms and exceptions for LABD use and source 
of COPD care (primary care, pulmonology, emergency depart-
ment (ED), other, and unknown). In the second analysis, we ex-
amined prescriptions for LABD among patients who had one 
or more COPD-related hospitalizations between April 1, 2017 
and December 31, 2019 (putting them in GOLD’s C and D cat-
egories) [8, 10]. COPD-related hospitalizations were identified 
as those for which COPD was the primary diagnosis (ICD-10-
CM codes: J41.x, J42.x, J43.x, and J44.x). We also conducted a 
chart review of records for the hospitalized patients who had no 
prescriptions for LABD to identify contraindications for use of 
LABD. For both analyses, we collected the following informa-
tion from the medical records (as recorded at the time of the 
order for pulmonary function testing for analysis #1 or at the 
time of hospitalization for analysis #2): demographics (age, sex, 
and race/ethnicity), body mass index (BMI), payer (Medicare, 
Medicaid, dual eligible, private, and uninsured), smoking his-
tory (never, current, and former), and ED visits or hospitaliza-
tions where COPD was the primary diagnosis (predictor of fu-
ture exacerbations).

Figure 1. Study flow diagrams. The arrows depict the study flow for the two separate analyses.
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Statistical analysis

Comparisons of patient characteristics between those prescribed 
LABD and those not prescribed LABD were carried out using 
Chi-square analysis (or Fisher’s exact test as appropriate) for 
categorical variables and using the Student’s t-test for contin-
uous variables. For analysis 2 only, the incidence density for 
COPD hospitalizations (the number of COPD-related hospi-
talizations divided by the total patient time at risk, in days) was 
calculated for patients who had been prescribed LABD and for 
those who had not. The rate ratio was calculated by dividing the 
incidence density for those prescribed LABD by the incidence 
density for those not prescribed LABD. Incidence densities 
were compared by LABD status (yes/no) using the two-sample 
test for incidence rates [12]. Statistical analysis was conducted 
using SAS 9.4 (Cary, NC). Statistical significance was defined 
as P < 0.05. Prior to the researchers obtaining patient medical 
records, the Mary Imogene Bassett Institutional Review Board 
(IRB) reviewed the study protocol and determined that this study 
was exempt from IRB review under 45 CFR 46.104 (d)(4)(ii), 
“secondary research for which consent is not required” in which 
data are recorded in a way that human subjects cannot readily be 
identified, the subjects are not contacted by the project team, and 
the subjects will not be re-identified. Thus, patient consent for 
review of medical records was not required.

Results

Analysis 1

Among the sample of 100 patients with spirometry-confirmed 
COPD, there was no difference in the likelihood of being pre-
scribed LABD by insurance payer. Ninety-three (93.0%) had 
been prescribed LABD during the study period and seven had 
not (7.0%). More than 90% of subjects obtained COPD care 
within the primary care system of the network. There were no 
differences in likelihood of being prescribed LABD with re-
spect to patient age, sex, or smoking history (Table 1). Those 
with no prescription for LABD had higher BMI than those that 
were prescribed LABD, but this difference did not reach statis-
tical significance in this limited sample.

Analysis 2

Among the 461 subjects hospitalized for COPD during the 
study period, insurance payer was not associated with LABD 
prescription. Three hundred eighty-eight (388, 84.2%) had 
been prescribed LABD and 73 (15.8%) had not (Table 2). 
Those who were prescribed LABD during the study period 
were significantly younger on average and had lower BMI 
than those not prescribed LABD. A greater proportion of those 
prescribed LABD were current smokers versus those not pre-
scribed LABD. Patient sex was not associated with LABD pre-
scription. Those prescribed LABD had a significantly higher 
rate of COPD-related hospitalizations during the study period 

than those without a prescription for LABD. Upon further 
chart review for analysis 2, it was determined that 41 (56%) 
of the 73 COPD patients who had been hospitalized and had 
no prescriptions for LABD during the study window had evi-
dence of use of LABD in their medical records (listed as his-
torical medications). Two (3.4%) were prescribed in 2020 and 
one (1.4%) did not have COPD. Twenty-nine (39.7%) of the 
73, or 6.3% (29/461) of all of the COPD patients   who had been 
hospitalized neither had a prescription for an LABD nor evi-
dence of taking an LABD.

Discussion

Undertreatment of COPD is common among both commer-
cial and Medicare enrollees [13] with only 30-35% of COPD 
patients being prescribed maintenance medications [9]. In a 
survey of COPD patients, 66% of those on commercial in-
surance and 71% on Medicare Advantage had not been pre-
scribed any long-acting medication [9]. Among patients with 
advanced COPD, those figures dropped to 59% and 69%, re-
spectively [9]. A recent Canadian study of prescription patterns 
for COPD found overprescribing of inhaled corticosteroids 
and underprescribing of LABD [14]. In contrast, our analyses 
showed a very high proportion of COPD patients having ever 
received a prescription for LABD during the study period for 
both spirometry-based and hospitalization-based definitions of 
COPD. These results precluded a more in-depth examination 
of our original question, i.e., whether prescription patterns for 
LABD differed by payer. We suspect that the results from our 
first analysis might have been biased as the inclusion criteria 
were based in part on spirometry. That is, patients with pul-
monary function testing data in their medical records may be 
more likely to have been prescribed LABD. The second analy-
sis was intended to address that bias by including all patients 
with a COPD-related hospitalization whether or not there were 
spirometry data to confirm the diagnosis. Because our study 
was limited to examining medical records, not claims data, we 
were only able to look at patterns of prescriptions, not pre-
scription fills. However, studying the proportion of those pre-
scriptions that were filled may indeed provide a different pic-
ture as the financial costs of medications for COPD are high. 
Among adults with Medicare Part D coverage, the projected 
annual out-of-pocket monthly cost for a single inhaler is at 
least $900 [15]. Among the 60% of COPD patients with 2 - 3 
exacerbations per year, the costs of treatment for COPD nearly 
doubled [16]. Nearly one-third of adults with COPD enrolled 
in Medicare reported that they did not fill prescriptions for 
COPD inhalers due to cost [17]. Adults with COPD are more 
likely than those with other chronic conditions to   experience 
housing and food insecurity and those factors are in turn tied 
to an increased likelihood of experiencing economic barriers 
to accessing health care [18]. Thus, while the percentage of 
COPD patients in our rural network who received prescrip-
tions for LABD was high, that is not necessarily an indication 
of LABD use, although, receiving a prescription for LABD 
is a necessary step. For this reason, this study was intended 
to be a first step in understanding barriers to the management 
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of COPD and prevention of COPD exacerbations in a rural 
healthcare network.

  Previous studies using prescription claims data have re-
ported low rates of LABD use. In a study of adults hospital-
ized for COPD, including those with commercial insurance 
(aged 40 and older) or Medicare (aged 65 and older), Baker et 
al found that prescription fills for LABD were 41% in the 90 
days prior and 57% in the 180-day post-hospitalization period 
[19]. In a study of Medicare Advantage plan members (aged 
65 and older) with COPD, Xu et al also found a low rate of 
prescription fills for LABD (12%); however, they found that 
LABD prescription fills did increase following hospitalization 
[20]. The authors point to the need for future research to better 
understand why such a high proportion of COPD patients are 
not filling prescriptions for LABD [20].

Limitations

As with lack of access to data on prescription fills, we were 

not able to assess the prescription data in terms of cumula-
tive doses to determine if they were consistent with ongoing 
guidelines-based pharmaceutical treatment. That is, we could 
not assess whether the number of prescriptions for a particu-
lar patient was sufficient over a certain time period to indicate 
daily use. Additionally, because the spirometry data were only 
accessible through manual chart review, we were limited to 
studying a random sample of 100 patients in the first analysis, 
which limited our statistical power. We were also limited in 
not being able to include non-hospitalized patients with COPD 
who did not have pulmonary function testing data that would 
allow us to validate their diagnosis.

Conclusion

Prescriptions for LABD among COPD patients in a rural 
healthcare network were common and did not appear to dif-
fer by payer status. Further work is needed to assess other 
potential barriers to utilization of LABDs among patients 

Table 1.  Characteristics of Patients With Confirmed COPD by LABD Prescription Status (N = 100)

Ever prescribed 
LABD (N = 93)

Never prescribed 
LABD (N = 7) P-value

Age, mean ± SD 65.2 ± 10.3 64.1 ± 8.6 0.7656
Male, % 57 (61.3) 4 (57.1) 0.9999
Body mass index, mean ± SD 29.6 ± 8.1 32.8 ± 5.7 0.1950
Race 0.2500
  White 93 (100) 6 (85.7)
Ethnicity
  Hispanic 0 1 (14.3)
Insurance 0.3703
  Medicare 51 (54.8) 3 (42.9)
  Medicaid 16 (17.2) 2 (28.6)
  Dual eligible 14 (15.1) 0
  Private 12 (12.9) 2 (28.6)
Smoking status 0.3300
  Never 4 (4.3) 1 (16.7)
  Current 35 (37.6) 2 (33.3)
  Former 54 (58.1) 3 (50.0)
Source of COPD care (not mutually exclusive)
  Primary care 86 (92.5) 7 (100) 0.9999
  Pulmonology 66 (71.0) 1 (14.3) 0.0049
  ED 31 (34.4) 0 0.0933
COPD-related ED visits/hospitalizations (April 1, 2017 - December 31, 2019) 0.7329
  0 66 (71.0) 7 (100)
  1 9 (9.7)
  2 4 (4.3)
  3+ 14 (15.1)

SD: standard deviation; COPD: chronic obstructive pulmonary disease; ED: emergency department; LABD: long-acting inhaled bronchodilator.
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with COPD.
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