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Abstract

Purpose: Pharmacotherapy is one cornerstone of chronic obstructive pulmonary disease (COPD)
management. Published U.S. data seldom includes patient - reported COPD medication use and adherence.
We add this patient perspective to the commonly reported administrative prescribing and fill data.
Methods: This survey study used inhaler and nebulizer pictures and lists of oral COPD medications to
query members of the COPD Foundation Patient - Powered Research Network, a national, self - reported
online registry. Medications used, adherence, inhaler education, cost concerns, previous exacerbations,
and COPD Assessment Test scores were assessed and summarized using simple descriptive statistics and
hazard ratios controlling for age, gender, and disease burden.
Results: Respondents mean age was 68 years, 60% were women, >69% had COPD Assessment Test (CAT)
scores >15 , and >50% reported 2 or more exacerbations in the past 12 months. Overall, >98% used 1 or
more inhaled COPD medications, 7 . 6% used a rescue inhaler only, 17 . 8% used long-acting bronchodilator
only therapy ( 11 . 1% dual), and 72 . 8% used corticosteroid therapies, including 53% who were on triple
therapy. Nebulizers were used by 59 . 4% and 34 . 8% used oral COPD medications. Reported adherence
rates were high ( 80 . 1% ), but 41% reported trouble paying for medications, with 20 . 1% reporting missing
medications due to cost.
Conclusions: In this population, COPD had a high burden with >50% of respondents using triple therapy,
and 1 in 8 using maintenance oral corticosteroids. Self - reported adherence was high, but with significant
cost concerns reported, resulting in missed medications.
Abbreviations: chronic obstructive pulmonary diseases, COPD; Global initiative for chronic Obstructive Lung Disease, GOLD; inhaled
corticosteroid, ICS; COPD Assessment Test, CAT; COPD Foundation Patient-Powered Research Network, COPD-PPRN; Patient-Centered
Outcomes Research Institute, PCORI; standard deviation, SD; long-acting muscarinic antagonist, LAMA; long-acting beta2-agonist, LABA;
inhaled corticosteroid, ICS; health maintenance organization, HMO; preferred provider organization, PPO; point of service plan, POS; short-acting
beta2-agonist, SABA; short-acting muscarinic antagonist, SAMA; adjusted odds ratio, ORadj; confidence interval, CI; phosphodiesterase-4,
PDE-4; leukotriene receptor antagonists, LTRA
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Introduction
Chronic obstructive pulmonary disease (COPD) is
the fourth leading cause of death and disability in the
United States, primarily among adults aged 45 years
and older.1-5 While up to 50% of COPD appears to
remain undiagnosed,6-9 COPD that is diagnosed is
usually managed within primary care practices. 10-12
The financial and human burdens for COPD are
significant for the U.S. health care system and people
and families living with COPD.4,5,13 Many attempts
are in progress to expand and enhance current
COPD recognition and treatment. 14-16 Those efforts
might be improved with a broader perspective of the
current state of COPD management, particularly the
patients’ perspective of how they are using COPD
medications.
Care for COPD is a combination of nonpharmacologic treatment such as smoking cessation,
regular activity, pulmonary rehabilitation, and
immunizations in addition to daily pharmacotherapy.
Recommendations most relevant to this 2018 survey
for initiating and changing pharmacotherapy are
summarized in the 2018 Global initiative for chronic
Obstructive Lung Disease (GOLD) guidelines.17
Most therapy is aimed at the reduction of symptoms
and prevention of exacerbations with limited
opportunities to modify underlying disease.
Many reports have reviewed currently prescribed
COPD pharmacotherapy and found that it often
does not follow GOLD recommendations.18,19
Several studies have reviewed the use of inhaled
corticosteroids (ICSs) for COPD management and
reported frequent “overprescribing.”17,20-24 In
addition, studies report that patients often fail to
take or continue to use the therapies that have been
prescribed.25-30 A recent study that used data from a
large health care system reported that adherence to
or continuation of COPD medications was less than

50% over a year and substantially lower than the
adherence for other chronic and often asymptomatic
chronic conditions such as hypertension or
hyperlipemia. 31
Other reports on adherence to COPD medications
have included information on inadequate inhaler
technique, which can adversely impact the
effectiveness of poorly used inhalers. 32,33 Those
studies have shown high rates of 1 or more inhaler
use errors and limited patient education to support
inhaler use.34-40 Reports on adequacy and education
with nebulized COPD medication are limited, with
little published data found.41
Most reports use medical record or administrative
prescription and pharmacy fulfillment data and do
not include any patient reports of their perceived
medication use or adherence rates. The prescription
and fulfillment data may be considered more
objective than patient reports but fail to include
the ultimate step of a patient using or not using
the medications they are prescribed or obtain
from a pharmacy.3,42 We used a patient survey to
ask about medications people with COPD were
currently taking. Queries included which inhalers,
nebulizers, or oral prescription medications they
were using plus any non -prescription therapies.
Since COPD control has been repeatedly reported
to be impacted by adherence12,34,43 we queried 2
aspects of adherence: (1) patient-reported inhaler
and nebulizer technique education and ( 2) patients’
self -perceived frequency of medication use. In
addition, we asked respondents to rate their beliefs
regarding the importance and concerns about those
medications, their use of supplemental oxygen, and
the COPD Assessment Test (CAT) scores. 44
The goal of this work is to provide a complementary
perspective to large database studies completed
from the health care perspective and to try to identify
potential medication use patterns and issues with
beliefs or concerns that might be appropriate for
continued study of medication adherence in COPD
management.

Methods
This survey study, launched on March 5, 2019, was
conducted among active members of the COPD
Foundation Patient -Powered Research Network
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(COPD PPRN). Such networks have been shown to
provide a reliable source of patient -reported data. 45
The COPD PPRN was established in 2014 with
initial funding by the Patient -Centered Outcomes
Research Institute (PCORI). Since the PPRN’s
inception in 2014 and the time of this survey launch
on March 5, 2019, over 6000 individuals with selfreported COPD (including chronic bronchitis and
emphysema) or at high risk of developing COPD
had enrolled and consented to be invited to future
research studies such as this survey. Of those
enrolled, 5771 had provided baseline data and of
those, 5384 were sent email invitations between
March 5, 2019 and May 30, 2019. A total of 830
completed the survey and 804 met the inclusion
criteria of having self -reported COPD. The data
from these 804 were included in the data analysis
for this study. (See CONSORT diagram, Figure 1) In
addition to survey responses, this analysis included
information from the baseline surveys (exacerbation
occurrences and the CAT) that are completed by
those who have enrolled in the PPRN and provided
informed consent to be contacted for future studies
such as this medication survey.
To facilitate reporting, medications were divided
into 4 sections–inhalers, nebulizers, pills or liquids,

and other over the counter and alternative therapies.
Additional questions were included to address
adherence, access, and device use education. In the
inhaler section, respondents were asked to enter the
first 3 to 4 letters of the inhaled medication (brand
name or generic name), triggering the appearance of
pictures of the corresponding inhalers in all available
doses. Figure 2 provides an example of pictures for
“pro” or “alb” (albuterol inhalers/specifically ProAir).
After each inhaled medication was chosen,
respondents were asked several follow-up questions
designed to gather information on the frequency of
inhaler use, inhaler technique education and teachback (observation by a health care professional), and
issues regarding cost and access to the medication.
The supplemental figure in the online supplement
provides an example of the questions. Each follow up question had the name of the chosen medication
piped into the question stem. After completing the
follow-up questions, participants were asked if they
took any other inhalers/puffers. If they answered
“Yes,” they completed similar questions for all other
inhaled medications. If they responded “No,” they
moved on to the Nebulized Medication section
which used a similar process to identify medications
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and answer follow -up questions about each type of
nebulized medication.
After completing the information on all nebulizers,
or none if that was the case, the respondents moved
on to the pills and liquids section. It was not feasible
to display images of all available oral medications,
and so these questions used only medication names.
Following each reported pill or liquid used, questions
similar to those following each inhaler were asked.
In the fourth section, queries regarding other
non -prescription therapies required responses to
open -ended questions with respondents typing in
answers. Following a complete listing of their COPD
medications, respondents were asked to complete
questions about perceived medication adherence
and adherence to an overall COPD treatment plan, 46
use of over -the-counter COPD medications, ability
to manage COPD medications, and medication
cost concerns in the past 12 months. Finally, all

respondents were asked to complete the CAT.
Information from the respondents’ answers to the
COPD PPRN baseline survey was used to supply
demographic data such as age and gender, and
history of exacerbations.
Statistical Analysis
Descriptive
statistics
were
computed
for
the respondents’ demographic and clinical
characteristics. Mean and standard deviation
(SD) were calculated for continuous variables,
and categorical variables were summarized by
frequencies and proportions. Medication use
combinations were aggregated across all questions
related to the use of inhalers, nebulizers, and oral
medications. The frequency and proportions of
inhaled, nebulized, and oral medications classes
were computed. Stratified analyses of numbers of
exacerbations (0, 1, and 2 or more) by the inhaled
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medication classes and by oral medication classes
were performed. Multivariable logistic regression
models were fit for the use of nebulized medications,
examining the association with the use of oxygen,
self-reported exacerbations in prior 12 months,
CAT score, and adjusting for age and gender. The
significance level was set at 0.05. All statistical
analyses were performed using SAS 9.4.
The study was approved by the Western Institution
Review Board and all respondents provided
e-consent.

Results
A total of 804 people with self -reported COPD
completed the medication survey and were included
in the analyses. Respondents’ average age was 68
years, and 60% were women. Less than 2% reported
having no insurance, with over 77% insured through
Medicare or Medicaid. The group was highly
symptomatic, with 85% having CAT scores >10 and
almost half having scores >20; the majority reported
2 or more exacerbations in the prior 12 months and
48% reported using supplemental oxygen either as
needed or daily. (Table 1.)
As anticipated in a highly symptomatic population
of people with COPD, almost all respondents
reported using inhaled medications regularly,
with only 1.4% saying they had neither inhaled
nor nebulized COPD medications. Another 7.6%
reported using only short-acting bronchodilator
or quick relief therapy. Treatment limited to either
single (long-acting muscuranic antagonists[LAMA]
or long-acting beta2-agonists[LABA]) or dual
bronchodilator therapy (LAMA +LABA) was used
by 17.8% (n =143). Overall, 72.8% of respondents
(n=588) reported using therapies that included
inhaled corticosteroids (ICSs), primarily in the form
of a “triple” therapy of LAMA+LABA+ICS in 1 or
more inhalers ( 52.99%, n =425). A small number of
respondents (2.0%) reported they used ICS monotherapy for their COPD. Table 2 summarizes the
frequency of classes of COPD medications used and
exacerbation frequency over the prior 12 months.
A total of 471 respondents ( 59.4% of the 793
using inhaled COPD medicines) reported using
1 or more types of nebulized therapy in addition
to inhaler therapy. Almost all nebulized therapies
were short-acting bronchodilators (n=395, 83.9%).

When the reported types of nebulized therapies
were compared to classes of inhaler-based therapies,
no individual reported using any different class of
medications than they had already reported using
in an inhaler (data not shown). Adjusting for age
and gender, nebulizer use was associated with self reported oxygen as needed or daily use, having 1, or
2 or more exacerbations in the past 12 months, and
CAT scores44 greater than 15 (Table 3).
Oral medication use was also not uncommon in
this group, with 280 of the 804 (34.8%) reporting use
of 1 or more oral maintenance therapies in addition
to their inhaled therapies. Oral corticosteroids were
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the most common, used by 110 ( 12.4%) of the 804
respondents and 39.3% of those using any oral
medications. (Table 4.) Of the 110 people using
oral steroids “regularly,” 52 ( 47.3%) used the oral
steroids daily with another 2 people (1.8%) using
them weekly, and the rest (n= 56, 50.9%) had oral
steroids or a prescription for them on hand to use “as
needed” with most of these respondents reporting
that they had used oral steroids 1 or more times
within the past 3 months.
Fewer respondents reported using either daily or
weekly antibiotics, primarily azithromycin47 (9.5%,
76 of the 804) or daily phosphodiesterase -4 (PDE -4)
inhibitors (8.0%, 64 of the 804) compared to the >12%
who regularly used oral steroids. Overall, > 70% of
respondents who reported using oral steroids or
antibiotics regularly also reported experiencing 2 or
more exacerbations in the past 12 months. Slightly
over three-quarters (76.6%) of those reporting use
of PDE-4 inhibitors48 reported moderate to high
burden of cough or phlegm on the CAT.
Overall, 57 ( 0.7% of the 804 or 20.4% of the 280
using any oral COPD medications) reported using
leukotriene receptor antagonists (LTRA), with more
than half reporting 2 or more exacerbations in the
past 12 months. It is not known how many of the
LTRA users had treatable traits consistent with both
asthma and COPD. 17
This group of individuals with COPD reported
very high levels of adherence to their COPD
medication plans. (Table 5) Overall, 91.4% stated
that they had no trouble managing all of their COPD
inhalers, nebulizers, and oral medications. Yet,

many (40.8%, n =328) reported they had difficulty
paying for all of their COPD medications, with 21%
(n=169) reporting that during the past 12 months,
there were times when they did not obtain all of their
COPD medications due to being unable to pay for
them. When asked in a slightly different way, even
more respondents (27.7%, n=223) reported that
financial issues resulted in them taking less of their
medications than prescribed for some period during
the past 12 months.
Adherence is also affected by the adequacy of
inhaler technique. While it is not possible to assess
proper inhaler technique in an online written survey,
respondents were asked if someone had shown them
how to use each of the inhalers and nebulizers they
reported using. Of the 793 who reported using 1 or
more inhalers, 661 (83.35%) reported that someone
had shown them how to use at least 1 of their
inhalers, but only 246 ( 31.02%) had been shown how
to use all of their inhalers and 380 (47.92%) reported
that anyone had asked them to demonstrate how
they used even 1 of their inhalers. For the 471 using
nebulizers, 339 (71.97%) reported they had received
instructions on how to use a nebulizer, but only 168
(35.67%) reported that anyone had observed their
nebulizer technique.

Discussion
We asked a group of people with self-reported
diagnoses of COPD to report on their COPD
medication use and potential barriers to adherence,
including costs and receipt of inhaler and nebulizer
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technique education. The group of individuals
was on average close to 70 years of age, had very
symptomatic COPD, had about half who reported 2
or more exacerbations in the prior 12 months, and
included most reporting being on multiple COPD
medications.
The self-reported medications resembled similar
patterns to those reported in the literature using
pharmacy or medical record data but with higher rates
of use of triple therapy, which might be anticipated
considering
more
recent
recommendations,
clinical trial results, and the high rates of reported
exacerbations in the respondents. 19,49-52
Our data appears to confirm earlier reports
that suggest some overuse of both inhaled and
oral corticosteroids.17,23 For example, 18.2% of
respondents regularly using (daily or weekly) oral
corticosteroids did not report a history of 2 or

more exacerbations in the prior year. Whether this
reflects the overprescribing of daily corticosteroids
that has been reported by others 21,53 or appropriate
prescribing that resulted in lower subsequent rates
of exacerbations is not known. Similarly, the >40% of
respondents taking ICSs but reporting fewer than 2
exacerbations in the past 12 months may represent
overprescribing of ICSs that is not consistent
with then -current and latest GOLD treatment
recommendations17,54 or may also represent
individuals with a history of repeated exacerbations
in years prior to the past 12 months and physicians’ or
other clinicians’ discomfort with recommendations
for step down therapy.22,55 This dilemma in
interpretation of what is the appropriate use of daily
ICSs is seen commonly in the published literature
since most recommendations and many studies,
including ours, fail to include or assess long -term
patterns of exacerbations over multiple previous
years. Studies show that while the best prediction of
frequent exacerbations is the past history of frequent
exacerbations,17 very limited attention is paid to
the long-term pattern of exacerbations over several
years when recommending step down therapy. 56 It
is possible that some of the individuals currently
using daily inhaled or oral steroids have had
repeated exacerbations prior to the past 12 months,
and physicians, or hopefully both patients and
physicians, agreed that use of daily ICSs has benefits
in preventing those exacerbations that outweigh
risks of continued use. 7,57-59 We do not have many
other chronic, potentially progressive conditions in
which we recommend discontinuation of successful
therapy. It is important to better understand
the longer-term trajectory of exacerbations and
corticosteroid use before assuming all use of this
drug class is inappropriate or overprescribed. Rather
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than a short -term view in a long -term disease, it
may be that recommendations for prescribing and
stepping down treatment should be based on a 2- or
3- or even 4-year history of exacerbations.
Similarly, we note that 57 people report using a
LTRA (singular) which currently is not approved or
recommended for COPD management.54 However,
as more attention is given to identifying treatable
traits and tailoring therapy to the individual,
allergen sensitization, and asthma -like features, the
use of LTRA therapy should be re -studied in these
subgroups. Positive responses in subgroups may be
masked in the analyses of the value of this therapy
when looking at the COPD population overall.59
Incomplete or even poor medication adherence
rates are a major concern for COPD therapy.
Our patient -reported findings are quite different
than those reported based on specific refill of
COPD medications, which have reported COPD
medication persistence rates of as low as 40% over
a 1- to 3-year period. 26,31,60 In contrast, over 80%
of our respondents report they believe they take
their medications according to their treatment
plans. This may reflect, in part, the high symptom
and exacerbation burden reported by the people we
surveyed, with the majority reporting a CAT score of
>20 and having 2 or more exacerbations in the prior
12 months. Studies from other groups have included
people with a broader range of COPD symptoms and
exacerbation severity and frequency, many with low
to moderate symptoms and exacerbation burden. In
these less severely impacted groups, e.g., those with
lower severity, adherence rates may be lower. 31,61,62
In addition to the COPD disease severity, most
people with COPD have other multiple morbidities
which may impact their adherence to what often
becomes poly-pharmacy required to treat all their
chronic conditions.55,43,63 We need to continue

to try to understand the perceived need of people
with COPD of all severity, symptom burden, and
risk levels and their self-reported and objectively
assessed levels of adherence to daily therapy. It
is possible that those with milder symptoms may
perceive less therapeutic benefit from prescribed
therapies resulting in lower adherence rates while
those with high COPD burden are more likely to
develop better adherence strategies and habits.64
However, even among these respondents who
reported taking medications very regularly, over
40% said they had financial problems obtaining
all medications, and over 27% said they had
taken less than the prescribed amounts of 1 or
more of their COPD medications in the prior year
due to costs. This would suggest lower levels of
being able to adhere to treatment plans than the
patients’ overall adherence assessment suggests.
Patients may be reporting their levels of adherence
when they have access to the medications. Most
studies of drug fulfillment do not include data on
why patients did not refill medications, and many
studies have been reported from countries with no
costs for medications making it difficult to compare
to the cost concerns and barriers reported by our
respondents. 60,65-67 Within the United States, the
differences in these self-reported adherence data and
that from pharmacy plan -based fulfillment data may,
in part, be based on what is being reported. Patients
may report adherence when they have medications,
and the database studies may report results only
among those who obtained the medications, not
those prescribed. These differences highlight the
importance of obtaining multiple types of data
when addressing adherence issues and proposing
solutions.
The other issue with adherence that is often
overlooked and can seldom be reported from database

For personal use only. Permission required for all other uses.

journal.copdfoundation.org JCOPDF © 2021

Volume 8 • Number 4 • 2021

482

Self-reported COPD Medication Use and Adherence

information relates to the proper use of inhaled and
nebulized medications. 60,67,68 Inadequate inhaler
or nebulizer technique may result in consequences
similar to not using the inhaled therapy at all. In our
respondents with a heavy symptom and exacerbation
burden and high levels of having a specialist as part
of their care team, the levels of inhaler technique
education were very high for receipt of education for
any inhaler but much lower for receiving education
regarding each of their different types of inhalers.
Levels of having someone observe that inhaler or
nebulizer technique were even lower. High levels
of inadequate or poor inhaler technique have been
identified in the literature for many years, yet
remain a gap in COPD care. 61,69 Little information
is reported in the literature regarding teaching
or assessment of nebulizer technique. Several
tools have been developed to support inhaler and
nebulizer education, including online videos that can
be viewed with the patient and family in the office
setting and suggested ways to use, and even virtual
visits to observe patients’ techniques. Payment
for these services remains low with perceived
significant documentation burdens. Some attempts
to make this type of inhaler technique teaching a
quality indicator have been tried, such as the quality
indicator suggested by the Minnesota Institute
for Clinical Science Improvement70 in 2013. This
quality indicator failed and was retired due to the
need to review individual medical records (large
data collection burden) to assess documentation of
such education. Even when these quality indicators
were developed, few included teach-back during
which the patient’s actual technique is viewed.
Telehealth or virtual visits may facilitate increased
uptake since the patient is usually at home where
they should have inhalers or nebulizers available
rather than having to bring the devices to an office
visit. Continued work to find ways to incentivize
incorporation of teaching and teach -back into
COPD management must be completed across the
spectrum of COPD care sites—outpatient, urgent
care, minute clinic, virtual, emergency department,
and hospital visits.
The study has both limitations which with might
limit its generalizability and strengths related
to adding the patient voice to published COPD
medication reports. The overall population who
registered for the COPD Foundation’s PPRN are

engaged enough in their condition to go online and
register for the PPRN. The respondents have higher
rates of oxygen use than the general population of
people with COPD. The diagnoses of COPD are selfreported but the very high percentage of the group
who report receiving daily COPD maintenance
medications makes it unlikely that they have not
been diagnosed with COPD. How that diagnosis
was made or confirmed and the diagnostic accuracy
are not known. Our response rate is estimated at
15% and is not high but comparable to response
rates for other patient surveys. 71,72 Asking for
detailed medication use based on both medication
names and pictures likely enhanced the accuracy
of reporting of both using a COPD medication
and the class(es) of medications used. While self reported adherence was higher than reported in the
literature, a significant percentage of respondents
did report having problems obtaining all prescribed
medications.
Our results highlight continued opportunities to
improve and assess COPD pharmacotherapy, even
in a group of people with COPD with sufficient
motivation to join an online COPD registry and
complete a lengthy medication survey. A few
respondents had no or only short duration rescue
inhalers or ICS mono-therapy for COPD management,
appearing to offer easy targets for improvement. The
high rate of use of ICSs and oral steroids requires
more complex assessment and decision making,
including a need to consider rates of exacerbations
beyond the 12-month timeframe usually assessed.
Superficial data assessment appears to demonstrate
high levels of medication adherence as well as
high levels of inhaler and nebulizer use education.
However, a more in-depth assessment shows that
more than 40% of the respondents report financial
hardship in obtaining their COPD medications, and
27% report using less medication than prescribed
due to these financial barriers. Similarly, rates of
receiving education on at least 1 of their inhalers or
nebulizers are high, but rates of receiving education
or observation of use of all prescribed inhalers and
nebulizers are much lower, leaving opportunities for
continued care improvement.
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