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ABSTRACT

OBJECTIVES: COPD contributes significant morbidity and mortality worldwide
and is currently the third leading cause of mortality in the United States. Chronic pain
prevalence is high among COPD patients leading to a high rate of prescription opioid
use. The potential impact of concurrent prescription opioid use on COPD maintenance
medication adherence, COPD exacerbations, and total healthcare costs is not well
understood. The study objectives were i) to assess the impact of prescription opioid use
compared to no prescription opioid use on COPD maintenance medication adherence in
90, 180, 270, and 365-day follow-up periods, and ii) to assess the impact of long-term

prescription opioid use (= 90 day prescription opioid supply in a one-year period)



compared to no prescription opioid use on COPD maintenance medication adherence,
COPD exacerbations and total healthcare costs in one-year follow-up period.

METHODS: Patients with COPD diagnosis were identified using ICD9-CM
diagnosis codes and COPD maintenance medication prescription claims from the
Truven Health MarketScan® Commercial Claims and Encounters Database from July 1,
2008 to December 31, 2009. COPD patients with prescription opioid claims were
matched 1:1 to non-opioid users on baseline characteristics: age (£3 years), sex,
severe and moderate COPD exacerbations, oxygen therapy use, short-acting betaz-
agonist use, COPD maintenance medication adherence, and asthma status. Conditional
multiple logistic regression, multiple negative binomial regression and generalized linear
model with a gamma distribution and log-link function were used to identify the impact of
long-term prescription opioid use versus no opioid use on COPD maintenance
medication adherence [defined as proportion of days covered (PDC) = 0.8], COPD
exacerbations, total healthcare costs in a one-year period, respectively.

RESULTS: A total of 5,541 matched pairs of prescription opioid versus non-
opioid users were identified. After adjusting for confounders, prescription opioid use was
associated with statistically significantly lower odds of being adherent to COPD
maintenance medications compared to no use of prescription opioids in all the four
follow-up periods. Long-term prescription opioid users (n=566) had significantly higher
mean Deyo-Charlson comorbidity scores (2.4+1.8 vs 1.7£1.2, p<0.0001), presence of
comorbid chronic conditions (86.6% vs 76.3%, p<0.0001) and comorbid pain conditions
(93.5% vs 70.7%, p<0.0001). After adjusting for confounders, long-term prescription

opioid use was associated with 0.63 times (95% CI 0.46-0.88, p<0.01) lower odds of

Vi



being adherent to COPD maintenance medications; and long-term prescription opioid
users had higher adjusted mean all-cause total healthcare costs $23,996 (+ $1,106.22)
vs $13,947 (+ $512.67), p<0.0001], compared to non-users of prescription opioids.
Long-term prescription opioid use was not statistically significantly associated with
severe or total (moderate + severe) COPD exacerbations.

CONCLUSIONS: Concurrent long-term use of prescription opioids may
significantly lower COPD maintenance medication adherence which may translate into

higher total all-cause healthcare costs and requires additional investigation.
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CHAPTER 1 INTRODUCTION

Chronic Obstructive Pulmonary Disease burden

Chronic Obstructive Pulmonary Disease (COPD) is defined as “a common,
preventable and treatable disease that is characterized by persistent respiratory
symptoms and airflow limitation that is due to airway and/or alveolar abnormalities
usually caused by significant exposure to noxious particles or gases”. COPD is chronic
and progressive in nature and is currently treatable but irreversible!. COPD contributes
to a significant healthcare burden around the world and the United States (US). An
estimated 384 million people in 2010 had COPD representing 11.7% of the world
population and the prevalence is expected to risel=*. Many people may have COPD but
may go undiagnosed and most may get diagnosed only at advanced stages. COPD is
one of the leading causes of mortality across the world with about 6% of all deaths (3
million deaths) worldwide in 2012 being attributed to it>. COPD is the fourth leading
cause of mortality worldwide and the third leading cause of mortality in the US?. Along
with mortality, COPD patients also contribute significantly to the utilization of healthcare
resources such as emergency room visits, hospitalization, and physician office visits?®.
According to the American Lung Association, the US spent about $49.9 billion for the
management of COPD in 2010 with about $29.5 billion in direct healthcare costs®.
According to the Centers for Disease Control and Prevention (CDC) the direct
healthcare expenditures for COPD are expected to rise to US $49 billion by 20207,
Patients with COPD commonly experience other chronic comorbidities such as

diabetes, musculoskeletal pain, and cardiovascular conditions. The presence of these



conditions may make the management of COPD difficult and may contribute
significantly to the utilization of healthcare services by COPD patients®.
Prescription opioid therapy

Prescription opioids are commonly used to alleviate acute pain, chronic pain in
terminal patients with cancer and in patients with chronic non-cancer pain (CNCP). The
prevalence of CNCP among the US adult population is high (11% to 15% of the adult
population), and prescription opioids are used on a wide scale for treating CNCP*1°,
About 20% of patients with CNCP receive prescription opioids either acutely or on a
long-term basis!?. Although there is established validity for the use of prescription
opioids acutely in CNCP, there is little evidence for their use on a long-term basis for
CNCP'>15, Furthermore, the effect of either acute or long-term use of prescription
opioids for CNCP on adherence to treatment for concurrent conditions, health-related
quality of life, and pain-relief is still not very well understood?®. Despite lacking evidence
for effectiveness, the use of prescription opioids on a long-term basis is highly prevalent
in the US population. Overall, about 11 million people in 2005 were prescribed long-
term prescription opioid therapy?’.
Adverse events associated with the use of opioids

Prescription opioids have the potential to induce psychological addiction and
have been abused on a wide scale. With the significant increase in the use of
prescription opioids over the past decade the problems of opioid abuse and misuse
have increased significantly, becoming a major public health concern. Prescription
opioid abuse and misuse contributes to a significant healthcare and economic burden in

the US. In 2009, about 1.2 million emergency room visits were associated with



prescription drugs, mostly prescription opioids, compared to 1 million visits for cocaine
and heroin combined!81°, Annually, about $20.4 billion are spent in direct and indirect
costs for the treatment of opioid poisoning?®21. About $800 million and $1.3 billion are
spent annually for emergency room visits and inpatient visits for the treatment of opioid
poisoning in the US, respectively??21, Opioid use is also associated with high mortality
rates, and 2014 was recorded as the year with the highest number of deaths due to
drug overdoses, with about 6 out of 10 deaths due to overdoses attributed to opioid
abuse???2, Deaths due to opioid overdoses, both prescription and illicit, have increased
by four times since 199918, About 30,000 deaths in 2014 were due to overdose of
prescription opioids and heroin?3. The number of deaths attributed to prescription
opioids alone exceed the number of deaths due to heroin and cocaine combined?*820,
About 8% of the US population suffers from substance abuse disorder and this
rate is much higher among patients with CNCP?4-26, Use of prescription opioids either
on a long-term or short-term basis may result in patients exhibiting aberrant drug related
behavior (ADRB) such as misuse, diversion, physical dependence, abuse, addiction
and tolerance. The likelihood of developing ADRB among long-term opioid users is
high, even short-term use (acute use) of prescription opioids significantly increases the
of odds of developing ADRB?’. Patients with CNCP using low-dose acute opioids
(defined as <36 mg of morphine equivalent dosage) had 3.03 times (OR=3.03; 95% CI:
2.32-3.95) significantly higher odds of developing ADRB compared to non-opioid
users?’. However, among long-term, high dose prescription opioid users (defined as
=120 mg of morphine equivalent dosage) the odds increased by 122 fold (OR=122.45;

95% CI: 72.79-205.99)%’.



Along with ADRB, the use of prescription opioids has also been reported to be
associated with a range of adverse events. Use of prescription opioids on a long-term
basis may have effect on a variety of hormones in both men and women. Depression
has been reported as result of prescription opioid use?®. Long-term use of prescription
opioids has been associated with hyperalgesia, a condition in which use of prescription
opioids leads to an increased sensitivity to pain?%2°. Opioid induced sedation is also a
common side effect of prescription opioid use®. One of the most commonly observed
side effects associated with the use of prescription opioids is constipation. It occurs in
as many as 95% of patients taking prescription opioids®!. Although constipation may not
be regarded as a serious adverse event, it may lead to morbidity, lowered health related
quality of life and even mortality has been reported among some patients?®. Respiratory
depression is a serious adverse effect associated with the use of prescription opioids.
One of the most common causes of deaths among illicit opioid users is respiratory
depression®.

Medication adherence among patients with COPD

Medication adherence is the degree to which patients follow the
recommendations by their healthcare providers with regards to the timing of medication
use, in the prescribed dose, and with the recommended frequency. It is defined as
compliance of patients with the recommended medication dosage®3. Medication non-
adherence leads to sub-optimal control of medical conditions, increases the risks of
mortality, and leads to a significant increase in healthcare costs34-3%. About 33% to 69%
of all medication-related hospitalizations have been attributed to non-adherence to

medications, costing the US approximately $100 billion a year3+36.:3%40 Good medication



adherence is therefore helpful in achieving optimal clinical outcomes and in-turn
lowering healthcare costs in the management of health conditions**-43,

Patients with COPD commonly suffer from problems of poor medication
adherence. Poor medication adherence to maintenance medications among COPD
patients can be attributed to a number of reasons. Maintenance medications for COPD
are prescribed in inhaled form using devices which may require education on proper
techniques of use of inhalers. These inhaled, maintenance medications may require to
be taken in multiple doses on a daily basis. Patients with COPD also commonly suffer
from comorbid conditions such as diabetes, depression, cardiovascular diseases and
hypertension which may add to the medication burden and lead to poor medication
adherence*°, In general, patients with COPD exhibit low adherence to their
maintenance medications even when compared to their asthmatic counterparts*6. About
60% of COPD patients exhibit poor adherence to COPD treatment and even more do
not use their inhalers correctly46-48,

Although COPD is a chronic progressive disorder without a cure, proper
management of COPD with medication therapy helps to control the symptoms of COPD
and may prolong the advancement of the disease!#°. Adherence to maintenance
medications in patients with COPD have proven benefits in terms of economic, clinical,
and humanistic outcomes. It has been shown that adherence to COPD maintenance
medications helps to reduce mortality risks and the risk of severe respiratory
exacerbations, leading to reduction in the number of inpatient and emergency room
visits and their associated costs®®. The Global Initiative for Chronic Obstructive Lung

Disease (GOLD) treatment guidelines for managing COPD symptoms acknowledge the



importance of medication adherence to maintenance medications for controlling COPD
symptoms and exacerbations?.

Many studies have been published previously that examine the clinical and
economic significance of medication adherence to COPD-related maintenance
medications®~%°. There is established evidence in support of medication adherence to
maintenance medications in COPD treatment®-°°, Adherence to maintenance
medications helps to control COPD symptoms and helps reduce COPD exacerbations,
reduces healthcare resource utilization and costs and also reduces the risk for
mortality>-55.

Use of prescription opioids among patients with COPD

Prescription opioids are commonly used among patients with COPD and are
proven to be effective in providing analgesia®®. Patients with COPD commonly
experience dyspnea, a feeling of shortness of breath and labored breathing associated
with pain. The use of prescription opioids in the treatment of dyspnea among COPD
patients is widely accepted®®:>’. Along with dyspnea, the presence of chronic pain is
also widely prevalent among COPD patients. The prevalence of chronic pain is
significantly higher among COPD patients compared to patients with other chronic
conditions (59.8% vs 51.7%)%8. With the high prevalence of chronic pain, the use of
prescription opioids for treating pain is also highly prevalent among COPD patients®®.
When compared to patients without COPD but with another chronic illness in
multivariate analyses, COPD patients had statistically significant higher odds of chronic

use of prescription opioids (OR: 1.74; 95% CI: 1.57 — 1.92)%8,



With the wide use, adverse events associated with prescription opioids may also
be common among patients with COPD. Respiratory depression is a major concern in
patients with COPD. COPD patients who abuse or misuse prescription opioids may be
at increased likelihood of respiratory depression than those without COPD. Due to the
fear of respiratory depression, physicians may feel hesitant to provide prescription
opioids for patients with COPD?®°. Despite the likelihood of respiratory depression,
previously published controlled trials have reported prescription opioids to be safe for
use in patients with COPD56:57.60-63 These studies however, suffered from many
limitations such as small sample sizes, and systematic exclusion of patients
experiencing no benefits and those who died®*. The importance of assessing the effect
of concomitant prescription opioid use on adherence to other chronic medications has
been acknowledged in the past®®. A study among type 2 diabetes patients using a large
US administrative database reported that type 2 diabetes patients using prescription
opioids on a long-term basis (=90 days) had statistically significantly poorer compliance
to oral antihyperglycemic agents in comparison to type 2 diabetes patients not taking
long-term prescription opioids®®. It is therefore important to understand if the use of
prescription opioids has an impact on medication adherence, healthcare resource
utilization and costs among COPD patients.

Vozoris N et al, 2016 conducted a study to identify the occurrence of adverse
respiratory outcomes within 30 days of incident prescription opioid use among older
COPD patients®*. The study found that incident prescription opioid users were
associated with a significantly higher risk for COPD and pneumonia-related emergency

room visits and mortality compared to non-opioid users. Similarly, Ekstrom M and



colleagues conducted a study to identify the effects of prescription opioid and
benzodiazepine use on hospital admission rates and mortality rates among COPD
patients from Sweden®®. The use of prescription opioids in COPD patients had no effect
on the rate of hospital admission compared to COPD patients without prescription
opioids. The use of low dose prescription opioids (£<30mg of morphine equivalent dose
per day) had no statistically significant effect on mortality rate, however using high dose
prescription opioids (>30mg of morphine equivalent dose per day) significantly
increased the mortality rate of COPD patients (hazard ratio: 1.21; 95% CI: 1.02 —
1.44)%, Vozoris N et al, 2017 conducted a retrospective cohort study to identify the
impact of incident prescription opioid use on adverse cardiac events, among a geriatric
sample of COPD patients identified using an administrative claims®’. Incident use of
prescription opioids was associated with statistically significant increased rates of
ischemic heart disease-related mortality and morbidity. When stratified by the type of
prescription opioid agents used, prescription opioid-only users had significantly higher
hazard rates for ischemic heart disease-related emergency room visits and
hospitalizations (hazard ratio 1.38; 95% CI 1.08-1.77) and mortality (hazard ratio 1.83;
95% CI 1.32-2.53) compared to users of combination prescription opioids®’.
Gaps in the literature and need for the study

Previously published studies about the prevalence of prescription opioid use
among patients with COPD suggests that there is a high prevalence of prescription
opioid use among COPD patients®®. COPD patients may have higher prevalence of
chronic pain compared to patients without COPD but with other chronic conditions and

subsequently display a higher use of prescription opioids®®. Despite physicians’ fear of



respiratory depression due to opioid use, COPD patients still exhibit a high prevalence
of both long-term and short-term use of prescription opioids®®. Only three studies
assessed and reported the impact of prescription opioid use and adverse health
outcomes among COPD patients®466.67 Although these studies classified prescription
opioids according to high or low doses they did not assess the effect of long-term use
compared to short-term use of prescription opioids on COPD-related health outcomes.
These studies also found contrasting results on the effects of opioids on adverse health
outcomes. Vozoris et al found prescription opioid use to be associated with increased
all-cause and COPD related mortality and COPD and pneumonia-related emergency
room visits®4. The dose of prescription opioids, either low-dose or high-dose, had the
same effect on the outcomes. However, Ekstorm M et al reported that only high dose
prescription opioids were associated with increased mortality and low dose prescription
opioids did not increase the risks of mortality among COPD patients®®. The use of
prescription opioids did not have any effect on COPD-related hospital admissions.
Vozoris N et al, 2017 found that prescription opioid-only users compared to users of
prescription opioids combined with non-opioid agents had significantly higher hazard
rates for ischemic heart disease-related emergency room visits, hospitalizations and
mortality®”.

Although the prevalence of prescription opioid use is high among COPD patients,
the effects of prescription opioids in this population is not very well studied. Medication
adherence is an important aspect of maintenance medication therapy among COPD
patents and has been associated with significant clinical effects. None of the previously

reported studies have assessed the impact of prescription opioid use on adherence to



maintenance medications for COPD. Managing and controlling COPD exacerbations is
an important aspect of controlling COPD symptoms. None of the previously published
studies have assessed the impact of prescription opioids on COPD exacerbations.
Furthermore, long-term use of prescription opioids may lead to aberrant drug related
behavior among COPD patients and may have severe consequences on COPD-related
medication adherence, and healthcare costs. However, no previous study has reported
the impact of long-term prescription opioid use in COPD patients.

Theoretical framework

Healthcare behavior theories have been utilized by research studies in the past
to understand and explain why individuals or a group of individuals undertake certain
health behaviors®®. For the purpose of this study, Andersen's Behavioral Model of
Health Services Use was used as a theoretical framework to facilitate the analysis of the
study objectives. The model was originally developed by Ronald M Andersen and has
been modified since the original publication in 19686°7°,

The model has been extensively used by previous studies to assess healthcare
service utilization patterns in a multitude of disease areas and patient populations’1=">,
The model is based on the theory that factors such as predisposing factors which
predispose individuals to seek care, need factors which necessitate individuals and
health professionals to assess their health status, and enabling factors which provide
the means to or act as barriers to access to care together contribute towards patient
health behaviors and outcomes.

As per the Andersen's Behavioral Model of Health Services Use, prescription

opioid use along with additional factors may affect adherence to maintenance

10



medications for COPD and healthcare outcomes (COPD exacerbations and total
healthcare costs). These predisposing, need and enabling factors comprise
sociodemographic characteristics, clinical characteristics, physician characteristics, and
prior utilization characteristics.
Significance of the study

If a significant negative association is identified between the use of prescription
opioids and medication adherence to COPD-related maintenance medications and
COPD exacerbations, it would suggest the need for improving the management of
COPD patients concurrently taking prescription opioids to address non-adherence to
maintenance therapy. Also, if our study results indicate higher healthcare costs for the
management of COPD patients concurrently taking prescription opioids then proper
identification and management of prescription opioid therapy along with efforts to
improve COPD-related medication adherence may decrease the total healthcare costs
of management of COPD. Heightened attempts to identify comorbid prescription opioid
use and manage poor medication adherence to maintenance medications for COPD
may lead to improved COPD outcomes such as lower rate of COPD exacerbations and
healthcare costs. For COPD patients taking maintenance medications, identification of
concurrent prescription opioid use might be an effective gauge of potential poor
medication adherence in the future and may advocate the need for improved
surveillance and management to attain optimum medication adherence.

The results from our study could facilitate designing effective interventions that
may help reduce non-adherence to maintenance medications for COPD and further

improving COPD-related exacerbations and healthcare costs. The healthcare resources
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and costs saved from these interventions could further help better allocation of limited
healthcare resources among COPD patients. If the concurrent use of prescription
opioids has a significant effect on adherence to maintenance medication for COPD and
COPD exacerbations and total healthcare costs, then the results of the study may
encourage future research to identify the impact of concurrent prescription opioid use on
adherence to medications for other chronic conditions.

Study objective:

The objective of the study was to assess the impact of prescription opioid use
compared to no prescription opioid use on COPD maintenance medication adherence,
COPD exacerbations and total all-cause healthcare costs among a real-world sample of
COPD patients.

Study hypotheses and specific aims
Specific aim 1:

To examine the impact of prescription opioid use compared to no prescription
opioid use on adherence to COPD maintenance medications, over four different time
periods, among a real-world, large sample of COPD patients after adjusting for other
confounders.

Null hypothesis 1A:

There is no difference in adherence to COPD maintenance medications between
prescription opioid users and non-users, within the first 90 days of initiating a
prescription opioid, among a real-world, large sample of COPD patients after adjusting
for other confounders.

Null hypothesis 1A (sub-analysis):
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There is no difference in adherence to COPD maintenance medications between
prescription opioid users (classified as having 230-day supply of prescription opioids
and <30-day supply of prescription opioids) and non-users, within the first 90 days of
initiating a prescription opioid, among a real-world, large sample of COPD patients after
adjusting for other confounders.

Null hypothesis 1B:

There is no difference in adherence to COPD maintenance medications between
prescription opioid users and non-users, within the first 180 days of initiating a
prescription opioid, among a real-world, large sample of COPD patients after adjusting
for other confounders.

Null hypothesis 1B (sub-analysis):

There is no difference in adherence to COPD maintenance medications between
prescription opioid users (classified as having 230-day supply of prescription opioids
and <30-day supply of prescription opioids) and non-users, within the first 180 days of
initiating a prescription opioid, among a real-world, large sample of COPD patients after
adjusting for other confounders.

Null hypothesis 1C:

There is no difference in adherence to COPD maintenance medications between
prescription opioid users and non-users, within the first 270 days of initiating a
prescription opioid, among a real-world, large sample of COPD patients after adjusting
for other confounders.

Null hypothesis 1C (sub-analysis):
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There is no difference in adherence to COPD maintenance medications between
prescription opioid users (classified as having 230-day supply of prescription opioids
and <30-day supply of prescription opioids) and non-users, within the first 270 days of
initiating a prescription opioid, among a real-world, large sample of COPD patients after
adjusting for other confounders.

Null hypothesis 1D:

There is no difference in adherence to COPD maintenance medications between
prescription opioid users and non-users, within the first 365 days of initiating a
prescription opioid, among a real-world, large sample of COPD patients after adjusting
for other confounders.

Null hypothesis 1D (sub-analysis):

There is no difference in adherence to COPD maintenance medications between
prescription opioid users (classified as having 230-day supply of prescription opioids
and <30-day supply of prescription opioids) and non-users, within the first 365 days of
initiating a prescription opioid, among a real-world, large sample of COPD patients after
adjusting for other confounders.

Specific aim 2:

To examine the impact of long-term prescription opioid use (=90-day supply in a
one-year period) compared to no prescription opioid use on adherence to COPD
maintenance medications among a real-world, large sample of COPD patients after
adjusting for other confounders.

Null hypothesis 2:
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There is no difference in adherence to COPD maintenance medications between
long-term prescription opioid users (290-day supply in a one-year period) and non-users
among a real-world, large sample of COPD patients after adjusting for other
confounders.

Specific aim 3:

To examine the impact of long-term prescription opioid use (290-day supply in a
one-year period) compared to no prescription opioid use on COPD exacerbations
among a real-world, large sample of COPD patients after adjusting for other
confounders.

Null hypothesis 3A:

There is no difference in the number of severe COPD exacerbations between
long-term prescription opioid users (=90-day supply in a one-year period) and non-users
among a real-world, large sample of COPD patients after adjusting for other
confounders.

Null hypothesis 3B:

There is no difference in the number of moderate and severe COPD
exacerbations between long-term prescription opioid users (=90-day supply in a one-
year period) and non-users among a real-world, large sample of COPD patients after
adjusting for other confounders.

Specific aim 4:
To examine the impact of long-term prescription opioid use (290-day supply in a

one-year period) compared to no prescription opioid use on all-cause total healthcare
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costs (prescription medication and medical costs) among a real-world, large sample of
COPD patients after adjusting for other confounders.
Null hypothesis 4:

There is no difference in all-cause total healthcare costs (prescription medication
and medical costs) between long-term prescription opioid users (=90-day supply in a
one-year period) and non-users among a real-world, large sample of COPD patients

after adjusting for other confounders.
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CHAPTER 2 LITERATURE REVIEW

This chapter provides a review of the literature associated with the various
concepts of the study and is divided into numerous major sections: overview of chronic
obstructive pulmonary disease (COPD), overview of prescription opioid therapy,
overview of medication adherence, overview of COPD exacerbations, use of
prescription opioid therapy among patients with COPD, and a comprehensive literature
review of the impact of prescription opioid therapy on adherence and healthcare
resource utilization among patients with COPD.

The chapter begins by providing a description of COPD along with its prevalence,
healthcare and economic burden associated with COPD, methods for the diagnosis of
COPD, overview of COPD exacerbations, and guidelines for the pharmacological
management of patients with COPD. An overview of prescription opioid therapy in non-
cancer patients and its prevalence is then presented. A discussion of the problems of
opioids and prescription opioid epidemic and the economic and healthcare burden
associated with the problems of prescription opioid use along with adverse effects
associated with the use of prescription opioids is provided. Next, a description of
medication adherence, the methods for measuring medication adherence, barriers to
medication adherence, followed by a detailed description of the proportion of days
covered (PDC) method for the measurement of medication adherence is presented.
Further a description of the clinical significance of measuring medication adherence in
general, and among patients with COPD is provided.

A detailed literature review of the impact of prescription opioid therapy on

adherence to COPD maintenance medications, and the impact of prescription opioid
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therapy on healthcare resource utilization and costs is provided. The gaps in the
literature of the impact of prescription opioid therapy on adherence to COPD
maintenance medications and healthcare resource utilization and costs and drawbacks
of the studies identified from the literature review is provided.
Overview of Chronic Obstructive Pulmonary Disease (COPD)
COPD burden

Chronic Obstructive Pulmonary Disease (COPD) is a common condition of the
respiratory system and is one of the prominent contributors of mortality across the
world. COPD is defined as “a common, preventable and treatable disease that is
characterized by persistent respiratory symptoms and airflow limitation that is due to
airway and/or alveolar abnormalities usually caused by significant exposure to noxious
particles or gases”. Emphysema and chronic bronchitis are conditions that have been
used to define COPD, however they are not used in the latest updated versions of the
treatment guidelines provided by Global Initiative by Chronic Obstructive Lung Disease
(GOLD). COPD is characterized by chronic airflow limitation which is caused by a
combination of obstructive bronchiolitis and emphysemat. The chronic inflammation in
COPD leads to narrowing of small airways, combined with a reduction in the recoil
ability of lungs which together have a negative effect on airways to remain open?. There
are many different factors which increase the risks of developing COPD. These factors
include tobacco smoking, exposure to noxious gases and particles, genetic factors,
airway hyper-responsiveness, and improper development of lungs during adolescence.
COPD is chronic and progressive in nature and is currently treatable but irreversible®.

COPD contributes to a significant healthcare burden in the world and the US. It is
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estimated that about 384 million people in 2010 had COPD representing 11.7% of the
world population®?. With the increasing life expectancy of the population in the
developed countries, and the rising number of smokers in the developing countries the
prevalence of COPD is expected to rise34. About 6% (3 million deaths) of all deaths
worldwide in 2012 were attributed to COPD®. COPD is the fourth leading cause of
mortality worldwide and the third leading cause of mortality in the US™. Along with
mortality, COPD patients also contribute significantly to the utilization of healthcare
resources such as emergency room visits, hospitalization, and physician office visits.
According to the American Lung Association, the US spent about $49.9 billion for the
management of COPD in 2010 with about $29.5 billion in direct healthcare costs®.
According to the Centers for Disease Control and Prevention (CDC), the direct
healthcare expenditures for COPD are expected to rise to US $49 billion by 20207,
Patients with COPD commonly experience other chronic comorbidities such as
diabetes, musculoskeletal pain, and cardiovascular conditions. The presence of these
conditions may make the management of COPD difficult and may contribute
significantly to the utilization of healthcare services by COPD patients®.
Diagnosis of COPD

GOLD recommends the consideration for diagnosis of COPD in individuals who
are greater than 40 years of age and possess any of the symptoms of COPD coupled
with the risk factors such as tobacco smoking, exposure to noxious gases and particles,
genetic factors, airway hyper-responsiveness, and improper development of lungs

during adolescence (Figure 1.)%.
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Figure 1. Important indicators for considering diagnosis of COPD*
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Spirometry testing is regarded as a reliable and most reproducible form of test for
the diagnosis of COPD?. Although a reliable method for diagnosis of COPD, spirometry
testing is not recommended as a screening tool for individuals who do not exhibit the
symptoms and risk factors for COPD but rather for active case finding among
individuals with the symptoms and risk factors for COPD.

Spirometry is a non-invasive and objective measurement of airway obstruction
with a high sensitivity and a moderate specificity’®. It is commonly performed using a
device called spirometer. A spirometer helps clinicians measure the volume of air an
individual can inhale and exhale. There are two measures important for the diagnosis of
COPD which are calculated using a spirometer, forced vital capacity (FVC) and forced
expiratory volume in one second (FEV1). The FVC is a measure of the volume of air that
can be forcibly exhaled from a maximum inspiration!. Whereas FEV1 is the volume of air
that is exhaled during the first second of the calculation of FVC!. The ratio of these
measures (FEV1/ FVC) is used to diagnose COPD and is indicative of the amount of
airflow limitation in an individual. Generally, the FEV1/ FVC is calculated after inhalation
of a short-acting bronchodilator. A FEV1 / FVC value of <0.7, after administration of a
short-acting bronchodilator, along with presence of COPD-related symptoms and risk
factors constitutes a diagnosis of COPD in an individual. The severity of airflow
limitation is defined by various cut-off points in the FEV1 values (Table 1). It is important
to note however, that severity of airflow limitation based on the FEV1 values alone are
not predictive of future COPD exacerbations or the severity of COPD exacerbations or

mortality.
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Table 1. Classification of airflow limitation in patients with COPD

GOLD Stage Airflow limitation severity Definition

GOLD stage1 Mild FEV1 2= 80% predicted
GOLD stage 2 Moderate 50% < FEV1< 80% predicted
GOLD stage 3 Severe 30% < FEV1< 50% predicted
GOLD stage 4 Very Severe FEV1 < 30% predicted

FEV1 = forced expiratory volume in one second
Source: GOLD?
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COPD exacerbations and assessing the risks for future exacerbations

COPD patients may periodically experience sudden flare-up of their COPD
symptoms which may necessitate hospitalizations®. These are known as COPD
exacerbations and are defined as “acute worsening of respiratory symptoms that result
in additional therapy”!. Patients with COPD may experience various symptoms during
exacerbations such as, dyspnea, wheezing, irregular breathing, anxiety, cough,
changes in skin or nail color, difficulty in sleeping and eating, headaches in the
mornings, inflammation of legs or ankles, and inability to speak’”:’8, Assessment of
COPD exacerbations is very important as it has been regarded as a strong predictor of
future exacerbations’®.

COPD exacerbations may be classified as mild, moderate or severe!. Mild COPD
exacerbation may likely be controlled using only short-acting bronchodilators®. A
moderate COPD exacerbation may require treatment using a short-acting
bronchodilator with a combination of antibiotics and may even require an oral
corticosteroid®. A severe COPD exacerbation on the other hand may require an
emergency room visit or an inpatient hospitalization and may sometimes be associated
with acute respiratory failure?!.

Management of COPD

Treatment for stable COPD is based on an assessment of patient's symptoms
and their likelihood of experiencing future exacerbations. Although COPD cannot be
reversed the objectives of COPD treatment are twofold, decrease COPD symptoms,
and lessen the risks for future exacerbations. For optimal management of COPD, a

combination of both pharmacological and non-pharmacological strategies are
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undertaken. Patients with COPD need to be provided proper education on optimal
management of their symptoms and reducing their risk factors which include lifestyle
modification along with a healthy diet and physical exercise. Patients with COPD need
to be regularly monitored for their symptoms, exacerbations, medication adherence and
presence of adverse events which need to be managed as well.

One of the most common problems with COPD patients is cigarette smoking. It is
important that patients with COPD quit smoking, and therefore patients should be
provided counseling to encourage them to quit. If necessary, medications and smoking
cessation interventions should be delivered. Patients should also be encouraged to take
necessary steps to reduce the risks from indoor and outdoor pollutants. COPD patients
are also recommended by the Centers for Disease Control and Prevention (CDC) to
receive pneumococcal vaccination, although meta-analysis studies among COPD
patients have found no benefit from pneumococcal vaccination in terms of reduction of
inpatient and emergency room visits or reduction in the rates of pneumonia®. COPD
patients are recommended to have an annual influenza vaccination, which unlike
pneumococcal vaccination has found to be associated with reduction in COPD
exacerbation rates®!. Pulmonary rehabilitation among severe COPD stages may also
prove beneficial in improving exercise tolerance, and reducing dyspnea®.

Along with lifestyle modification, patients with COPD are prescribed
pharmacological therapy which is crucial in the management of COPD. The various

agents used in the treatment of COPD are listed in Table 2.
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Table 2. Medications in the treatment of COPD

Drug class Drugs in the class

Betaz-agonist Short-acting
Fenoterol
Levalbuterol
Salbutamol (albuterol)
Terbutaline
Long-acting
Arformoterol
Formoterol
Indacaterol
Olodaterol
Salmeterol

Anticholinergics Short-acting
Ipratropium bromide
Oxitropium bromide
Long-acting
Aclidinium bromide
Glycopyrronium bromide
Tiotropium
Umeclidinium

Combination of short-acting  Fenoterol/lpratropium
betaz-agonist and
anticholinergic in one device

Salbutamol/lpratropium

Combination of long-acting  Formoterol/Aclidinium

betaz-agonist and

anticholinergic in one device
Formoterol/Glycopyrronium
Indacaterol/Glycopyrronium
Vilanterol/Umeclidinium
Olodaterol/Tiotropium

Methylxanthines Aminophylline
Theophylline

Combination of long-acting  Formoterol/Beclomethasone
betaz-agonist and
corticosteroids in one

device
Formoterol/Budesonide
Salmeterol/Fluticasone
Vilanterol/Fluticasone
furoate

Phosphodiesterase-4 Roflumilast

inhibitors

Source: GOLD!?
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GOLD recommends that the choice of medications in the management of COPD
should rely on patients’ symptoms and risk of future exacerbations. They have created
an ABCD assessment tool to simplify healthcare providers in choosing the various
medications (Table 3)!. Based on the ABCD assessment tool, GOLD provides an
algorithm for treatment of COPD patients as described in Table 4%,

In summary, COPD is a common respiratory condition and is the fourth leading
cause of mortality worldwide?. It is associated with a significant health care burden with
about 12% of the world population suffering from COPD and leading to about US $50
billion in healthcare spending, annually*2®, It is generally diagnosed using spirometry in
people above 40 years of age and possessing symptoms of COPD coupled with risk
factors for COPD such as exposure to smoke, particulate matter, or having a family
history of COPD. Patients with COPD commonly experience exacerbations which may
require an emergency room visit or inpatient hospitalization. Having a COPD
exacerbation is regarded as the strongest predictor of future exacerbations’®. Patients
with COPD are commonly prescribed inhaled bronchodilators which help in controlling
the symptoms of COPD and reduce the likelihood of future exacerbations?.

Overview of prescription opioid therapy
Opioid epidemic

The use of prescription opioids has increased drastically in the past few years
with nearly three-fold increase in sales of prescription opioids in the US in 2015
compared to 1999 and nearly four times the amount sold in Europe in 201588384,
Prescription opioids are commonly used to alleviate acute pain, chronic pain in terminal

patients with cancer and in patients with chronic non-cancer pain (CNCP). Although the
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Table 3. ABCD assessment tool by GOLD

ABCD Spirometric Exacerbation MmMMRC CAT
classification evaluation history
A GOLD stage 1 <1 exacerbation 0-1 <10

not leading to
hospital admission
B GOLD stage 2 <1 exacerbation =2 210
not leading to
hospital admission
C GOLD stage 3 =2 exacerbations 0-1 <10
or 21 exacerbation
leading to hospital
admission
D GOLD stage 4 =2 exacerbations =2 210
or 21 exacerbation
leading to hospital
admission

MMRC = modified Medical Research Council Dyspnea Scale
CAT = COPD Assessment Test
Source: GOLD?
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Table 4. COPD treatment algorithm

Group | GOLD recommendation for pharmacological therapy

A o

Patients should be prescribed either a short-acting or long-acting
bronchodilator.

Symptoms should be evaluated and therapy should be continued if
adequate symptoms relief is achieved.

If symptomatic benefits not achieved, therapy should be stopped and
alternative class of bronchodilator should be prescribed.

Long-acting bronchodilators are preferred over short-acting.

Choice of long-acting bronchodilator is based on symptom relief of
individual patients.

If patients have persistent breathless on monotherapy with long-acting
bronchodilator, dual-therapy with bronchodilators is recommended.

If severe breathlessness if present, patients can be directly initiated with
dual-therapy with bronchodilators.

Initial therapy with long-acting bronchodilator.

LAMA preferred over LABA for initial therapy.

If patients experience persistent exacerbations, then LABA/LAMA or
LABA/ICS combination therapy is recommended.

LABA/LAMA combination is preferred over LABA/ICS.

Initiate combination therapy with LABA/LAMA or LABA/ICS.
LABA/LAMA combination is preferred over LABA/ICS.

If patients continue to experience exacerbations, then choose either:
LABA/LAMA/ICS, or LABA/ICS.

If patients with LABA/LAMAV/ICS still continue to experience
exacerbations then choose either: add roflumilast, add macrolide, or
stop ICS.

LAMA = long-acting muscarinic agent
LABA = long-acting betaz agonist
ICS = inhaled corticosteroid

Source: GOLD?
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use of prescription opioids in cancer and short-term use in acute pain and CNCP is
effective, their use however on a long-term basis for CNCP is widely debated!>°,
Opioids in general have the potential to induce psychological addiction and have been
abused on a wide scale. Opioid abuse and misuse contributes to a significant
healthcare and economic burden in the US. Prescription opioid abuse has become a
major public health concern in the past years.

With the rising rates of prescribing of prescription opioids, comes the rise in
mortality due to prescription opioid abuse and overdoses. Prescription opioid abuse is
considered an epidemic, and 2014 was recorded as the year with the highest number of
deaths due to drug overdoses with about 6 out of 10 deaths due to overdoses attributed
to opioid abuse?%??, Deaths due to opioid overdoses, both prescription and illicit, have
increased by four times since 19998, About 30,000 deaths in 2014 were due to
overdose of prescription opioids and heroin?3. About 78 deaths daily are due to opioid
overdoes in the US®. The number of deaths attributed to prescription opioids alone
exceed those due to heroin and cocaine combined*&2°,

According to Birnbaum H et al, prescription opioid abuse contributes to a
significant economic burden, not just on the US healthcare system ($25 billion) but also
the US justice system ($5.1 billion) including correctional facilities and police costs,
workplace burden ($25.6 billion) including lost employment and lost earnings from
premature death, and society ($55.7)%. In 2009, about 1.2 million emergency room
visits were associated with prescription drugs, mostly prescription opioids, compared to
1 million visits for cocaine and heroin combined!81°. About $20.4 billion are spent in

direct and indirect costs attributed annually in the treatment of opioid poisoning?%21.
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About $800 million and $1.3 billion are spent annually for emergency room visits and
inpatient visits for the treatment of opioid poisoning in the US, respectively?®?1. Average
treatment costs per event for prescription opioid poisoning is higher compared to heroin
poisoning which may be attributed to the longer half-life of prescription opioids (varies
by drug) compared to heroin (15 to 30 minutes) requiring longer monitoring time?.
Prescription opioid therapy in the treatment of chronic non-cancer pain

It is estimated that about 11% to 15% of the adult US population has chronic pain
on a daily basis®*°. Prescription opioids are commonly used for the treatment of CNCP.
CNCP is defined as pain typically lasting more than 3 months which may result from an
injury, inflammation or an underlying condition or an unknown cause®’:28, About 20% of
patients with CNCP receive prescription opioids, either acutely or on a long-term
basis'!.

There is established validity for the use of prescription opioids acutely in
CNCP15 However, there is little evidence for their use on a long-term basis for
CNCP'213, The effect of long-term use of prescription opioids for CNCP on adherence
to treatment for comorbid conditions, health-related quality of life, and pain-relief is still
not very well understood?!®. A Cochrane literature review of studies assessing safety,
efficacy and effectiveness of long-term prescription opioid use in CNCP patients
reported that there was very limited evidence for clinically meaningful amount of
alleviation of pain associated with long-term use of prescription opioids for CNCP*3, The
study found that prescription opioid use was only effective in a small group of patients
with no history of substance abuse!3. Many of the participants from previously published

studies discontinued their prescription opioid treatment due to opioid-related side effects
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or inadequate pain relief'3, The review also reported that long-term use of prescription
opioids for CNCP had inconclusive evidence for improvement on functioning or quality
of life. Despite lacking evidence for effectiveness, the use of prescription opioids among
CNCP patients on a long-term basis is highly prevalent in the US population. About 11
million people in 2005 were prescribed long-term prescription opioid therapy for
CNCPY.
Risks of developing long-term use from an acute use of prescription opioid
Previously published evidence suggests that as low as 8 days of acute use of
prescription opioids has the likelihood of developing long-term use when measured over
1 to 3 years. Shah and colleagues used a 10% random sample from the 2006 — 2015
IMS Lifelink + database to identify commercially insured adult patients who had used a
prescription opioid®. Included patients were required to be prescription opioid-naive
with a 6-month pre-period of no evidence of prescription opioid use. Patients with
cancer and evidence of opioid abuse diagnosis were excluded. They measured the time
to discontinuation of prescription opioids. The study found that the number of days of
doses in the first prescription fill is a significant predictor of long-term use of prescription
opioids. Patients who had just 8 days of supply of the first prescription opioid fill had a
rate of long-term use (1 year of use) of 13.5% compared to 6% among people having
only 1-day supply. This rate increased considerably to 29.9% when the first fill of
prescription opioid was for 31 days. About 1 in 7 patients who had a refill of a
prescription opioid (or a second fill) were using prescription opioid one year later.
Results from the study suggest that a transition from acute use to a long-term use may

happen in just 3 days of prescription opioid use. Similarly, a study conducted by Deyo
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RA and colleagues in 2017 among prescription opioid-naive patients residing in Oregon
reported that patients refilling their opioid prescription had 2.25 (95% CI, 2.17-2.33)
times higher likelihood of developing chronic long-term use compared to patients having
only one fill of prescription opioids®°,

Guidelines for prescription opioid therapy for chronic non-cancer pain

Although prescription opioid use is highly prevalent in the US population, there
seems no uniform consensus among clinicians in prescribing opioid therapy®:. The
Centers for Disease Control and Prevention (CDC) in 2016 published evidence based
guidelines in order to assist clinicians to appropriately prescribe opioids for patients with
CNCP?2 It is important to note that the CDC acknowledges the lack of evidence for
long-term prescription opioid use in CNCP, “In summary, evidence on long-term opioid
therapy for chronic pain outside of end-of-life care remains limited, with insufficient
evidence to determine long-term benefits versus no opioid therapy, though evidence
suggests risk for serious harms that appears to be dose-dependent™?2. The CDC
guideline provides recommendations in three different areas of opioid prescribing: when
to initiate and continue opioids in CNCP; selection of opioids, duration, dosage, follow-
up and discontinuation; and assessing the risks and harms of opioid prescribing®2.
Initiating and continuing prescription opioids in CNCP:

CDC recommends the use of non-pharmacological therapy (such as exercise
therapy, cognitive behavior therapy, etc.) and non-opioid pharmacological therapy (such
nonsteroidal anti-inflammatory drugs, acetaminophen) in patients with CNCP2,
Prescription opioid therapy should only be considered if the anticipated benefits (for

both pain and functioning) of prescription opioid therapy outweigh the risks®2,
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Prescription opioids when initiated should be used in conjunction with non-
pharmacological and non-opioid pharmacological therapy®2. Clinicians should discuss
treatment goals along with the risks and benefits of treatment with patients before
starting prescription opioid therapy®?.

Selection of prescription opioids, duration, dosage, follow-up and
discontinuation:

Patients should generally start with immediate-release prescription opioids
instead of long-acting prescription opioids®?. Prescription opioid therapy should be
initiated with the lowest effective dose and generally patients should not be prescribed
doses 290 mg of morphine equivalent dose per day®2. Patients should be prescribed
only required doses, no additional doses should be prescribed®?. After initiating a
prescription opioid therapy, patients should be monitored within 1 to 4 weeks to assess
the effectiveness of the therapy and increase the dosage as needed. Clinicians should
regularly monitor dosage (every 3 months) to assess the benefits and harms of the
therapy®?. If the clinicians decide that the risk of the prescription opioid therapy
outweighs the benefits than they should taper the therapy and lower the dosage or taper
the therapy and discontinue the therapy®2.

Assessing the risks and harms of opioid prescribing:

Clinicians should regularly monitor patients on prescription opioid therapy for
CNCP. Factors such as previous history of overdose and substance abuse, concurrent
benzodiazepine administration, and prescription opioid doses =50 mg of morphine
equivalent dose per day may increase the patients’ likelihood of having an opioid

overdose®?. When such factors are present, clinicians should consider offering naloxone
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to patients. Before prescribing an opioid, clinicians should consider a patients’ history of
substance abuse and concurrent receipt of opioids from other sources and receipt of
other medications which could lead to serious adverse events®. Clinicians should also
regularly monitor such data every 3 months along with the use of other drugs and use of
illicit drugs by urine testing while the patient is on prescription opioid therapy®. If
possible, benzodiazepines should not be prescribed concurrently with prescription
opioids®?.
Aberrant Drug Related Behavior

About 8% of the US population suffers from substance abuse disorder, and this
rate is much higher among patients with CNCP?4-26, Use of prescription opioids may
result in patients exhibiting aberrant drug related behavior (ADRB) such as misuse,
diversion, physical dependence, abuse, addiction and tolerance. The likelihood of
developing ADRB among long-term prescription opioid users is high, even the use of
acute prescription opioids significantly increases of odds of developing ADRB?”.
Patients with CNCP using low-dose acute prescription opioids (defined as <36 mg of
morphine equivalent dosage) had 3.03 times (OR=3.03; 95% CI: 2.32-3.95) significantly
higher odds of developing ADRB (abuse and dependence) compared to non-opioid
users?’. However, among long-term, high dose prescription opioid users (defined as
=120 mg of morphine equivalent dosage) the odds of developing ADRB increased
significantly by 122 folds (OR=122.45; 95% CI: 72.79-205.99)%".
Tolerance

Use of prescription opioids may lead to development of tolerance to opioid

medications. A tolerance to an opioid prescription is developed when increasing doses
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of prescription opioids are required over time to generate the original degree of
therapeutic effect®®. For example, a patient may be prescribed a short-acting
prescription opioid and later during the treatment may require increasing dosage of the
short-acting prescription opioid to achieve the same therapeutic effect of the initial
dosage of the short-acting prescription opioid. Subsequently, the same patient might
even be prescribed a long-acting prescription opioid to achieve the therapeutic effect of
the original dosage of the short-acting prescription opioid.

Tolerance to prescription opioids is not necessarily misuse, or addiction to
prescription opioids. Patients who are tolerant may still be adherent to their physician’s
prescribing guideline. In short, tolerance occurs when opioids are prescribed over a
long-term basis. As patients who develop tolerance for opioids are prescribed higher
doses of opioids, their odds for accidental overdoses are increased.

Physical Dependence

Like tolerance, use of prescription opioids may lead to physical dependence on
opioid medications. Physical dependence is a manifestation of withdrawal symptoms
and is revealed when a specific drug class like opioids are reduced in dosage, abruptly
stopped, or when an antagonist if prescribed. Patients who are physically dependent
are not necessarily addicted or abusing the drug.

Addiction

Addiction occurs when use of prescription opioids leads to a “chronic, relapsing brain
disease that is characterized by compulsive drug seeking and use, despite harmful
consequences”™. When addicted, a person displays an inability to refrain from using

opioids, or control cravings leading to a compulsive drug seeking behavior®®. A person
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with addiction may display the following characteristics: inability to abstain from opioid
use; cravings for opioid medications; impaired behavioral control; diminished ability to
recognize problems with behavior and interpersonal relationships; and lack of or poor
emotional response®®.

If opioid addiction in not treated a person can progress to illegally obtaining and
using heroin®’. According to Jones M et al, about 4 out of every 5 heroin users
progressed to heroin after use of prescription opioids®’. In a 2014 survey of heroin users
by Cicero J and colleagues over 90% of respondents reported switching to heroin
because it was cheaper and more readily available than prescription opioids®. If not
managed, addiction to prescription opioids can progress to greater cravings and may
lead to premature death or disability®®.

Diversion

Section 309 of the Uniform Controlled Substances Act of 1994 defines diversion
as “the transfer of a controlled substance from a lawful to an unlawful channel of
distribution or use”®. For example, a patient receiving a prescription opioid may share,
or sell their medications with their family members or friends. Patients may also
purchase prescription opioids from non-medical sources such as friends, family
members, or through internet websites which do not require a prescription for purchase.
Diversion may also involve theft from hospitals, pharmacies or from patients.

Misuse

Misuse of prescription opioids is their use that is not as directed or instructed by

physicians or health care providers'®. Misuse may or may not necessarily be intentional

or may not necessarily result in harm. For example, a patient may misuse opioid
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prescription by increasing the dosage of the medication either forgetfully or intentionally
due to physical dependence or tolerance to achieve a higher therapeutic effect. Patients
may also hoard their opioid prescriptions during periods of reduced symptoms for use
as and when needed*%°.
Abuse

Abuse is the intentional use of an opioid medication for non-medical reasons
such a recreational use, or altering one’s state of consciousness such as achieving a
state of “high”*0*.
Side effects associated with the use of opioids

Along with aberrant drug related behavior, the use of prescription opioids has
also been reported to be associated with certain side effects such as hyperalgesia,
sedation, constipation, respiratory depression, depression etc.
Hormonal effects

Use of prescription opioids on a long-term basis may have effect on a variety of
hormones in both men and women. Men and women who take prescription opioids on a
long term-basis may show reduced levels of testosterone leading to problems with
sexual dysfunction, and decreased physical energy?%:28.102-104 Depression has also
been reported as a result of prescription opioid use?2. In women, taking prescription
opioids on a long-term basis has also been associated with reduced estrogen levels
which may have an impact on osteoporosis in geriatric patients?81%4. Non-spinal
fractures were reported by Ensrud K et al among a sample of older women taking

prescription opioids®4,
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Hyperalgesia

Long-term use of prescription opioids has also been associated with
hyperalgesia, a condition in which use of prescription opioids leads to an increased
sensitivity to pain?®2°. Patients taking prescription opioids to manage chronic pain may
find themselves unexpectedly having a higher sensitivity to pain with an increasing use
of prescription opioids?6:19, A study by Chu L et al reported that patients treated for
chronic back pain reported developing hyperalgesia within just a month of using
morphinel%,
Opioid-induced sedation and sleep disturbances

Opioid induced sedation is also a common side effect of opioid use3°. Although
patients can eventually develop tolerance for sedation, increasing the dosage of
prescription opioids may lead to sedation which in turn has been proposed to affect
medication adherence and reduce patients’ quality of life?®. Conversely, studies have
also shown that patients taking prescription opioids may also experience reduced sleep
and increased sleep disturbances'?’.
Opioid-induced constipation

One of the most common side effects associated with the use of prescription
opioids is constipation. It occurs in as many as 95% of patients taking prescription
opioids®!. Although constipation may not be regarded as a serious adverse event
associated with prescription opioids the chronic nature of constipation in opioid users
makes it difficult to develop tolerance towards it?®. Constipation may lead to dose
lowering of prescription opioids which may in turn lead to decreased analgesic effects of

opioids, and may sometimes lead to complete cessation of therapy?®. Constipation may
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also lead to morbidity and mortality and lowered health related quality of life among
patients?®. Opioid-induced constipation may not improve on its own and requires
adequate treatment and monitoring©8,

Opioid-induced respiratory depression

Respiratory depression is a serious adverse effect associated with the use of
opioids. One of the most common causes of deaths among illicit opioid users is
respiratory depression®2. Although the proportion of patients who die due to respiratory
depression among prescription drug users is low, the large number of patients using
opioid prescriptions makes it an important healthcare concerni®. Concerns for
respiratory depression may lead to under-treatment of pain®.

Respiratory depression is a major concern in patients with respiratory conditions
such as COPD. Patients with COPD commonly experience dyspnea, a feeling of
shortness of breath and labored breathing associated with pain. The use of prescription
opioids in the treatment of dyspnea among COPD patients is widely accepted®65”.
However, COPD patients prescribed opioids need to be appropriately monitored. COPD
patients who abuse or misuse opioids may be at increased likelihood of respiratory

depression than those without COPD.

In summary, prescription opioids are commonly used for the treatment of CNCP.
Although prescription opioids are recommended for acute use in patients with CNCP,
their use on a long-term basis is widely debated with a systematic literature review
study reporting little to no improvement in pain-relief or health-related quality of life

among long-term users of prescription opioids with CNCP*?-15, Even the CDC
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acknowledges the lack of evidence for long-term prescription opioid use in CNCP.
Patients using prescription opioids even on acute basis may lead to using them on a
long-term basis®® 2. For example, evidence from a previously published study suggests
that as low as 8 days of acute use of prescription opioids has the likelihood of
developing long-term use of 1 to 3 years®. Use of prescription opioids may result in
patients exhibiting ADRB?’. The use of prescription opioids has also been reported to be
associated with side effects such as hyperalgesia, sedation, constipation, respiratory
depression, depression etc?6.

Overview of medication adherence

Medication adherence is the ability of patients to follow the recommendations by
their healthcare providers with regards to the timing of medication use, in the prescribed
dose, and with the recommended frequency. It is defined as compliance of patients with
the recommended medication dosage=3.

Adherence is commonly reported in the form of a “percentage of prescribed
doses actually taken by the patient over a specified period”*'%. Generally, patients with
acute condition are more likely to be adherent to their medication regimen than patients
diagnosed with chronic conditions!!

As compared to real world settings, the average medication adherence rates in
randomized controlled trials (RCTS) is significantly higher due to selection of patients
and attention received by the patients. In spite of this, medication adherence rates of
only 40% to 80% are achieved by RCT participants with severe medical conditions''?-
114 There is however, no set standard for an optimum medication adherence rate. A

medication adherence rate of 80% is commonly observed in published RCTs and
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observational studies, whereas other RCTs consider rates of 95% to be necessary for
optimum adherence (RCTs with patients diagnosed with human immunodeficiency
virus).

Medication non-adherence may lead to sub-optimal control of medical conditions,
increase the risks of mortality, and may lead to a significant increase in healthcare
costs®428, About 33% to 69% of all medication-related hospitalizations have been
attributed to non-adherence to medications, costing the US approximately $100 billion a
year3436:39.40 Good medication adherence is therefore helpful in leading to better clinical
and economic outcomes in the management of health conditions*-43, With the
increasing importance of proper management of patients and improving medication
adherence, the World Health Organization has compiled guidelines for healthcare
professionals and policymakers to enhance medication adherence strategies and
interventionstt,

Several previous studies have tried to understand the reasons that contribute to
non-adherence to medications among patients. The following are some of the common
barriers to medication non-adherence among patients: presence of comorbid conditions,
severity of the disease, presence of depression, low perceived health status, high
number of medications, complexity of medication regimen, low health literacy, high cost
of medications, side effects of medications, poor patient-provider relationship, and
polypharmacy**>-11°, To improve medication adherence of patients, all the potential
barriers to medication adherence need to be addressed.

There are several different methods of measuring medication adherence which

can be classified into two categories: direct and indirect methods of measurement.
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Medication adherence can be measured either directly through addition of biological
markers to drug formulations, measurement of amount of drug or metabolite in urine or
blood, or directly observed therapy. Indirect methods of measurement include patient
interviews, patient diaries, prescription refill rate, electronic monitoring, assessing
clinical outcomes, and assessing physiological indictors such as heart rates.33:110.114,

The International Society of Pharmacoeconomics and Outcomes Research
(ISPOR) formed the ISPOR Medication Compliance and Persistence Special Interests
group (SIG) with the goal to stimulate research in issues related to medication
adherence, persistence, and implications of health outcomes??°. Accordingly, the
ISPOR SIG group developed a checklist for appropriately conducting medication
adherence studies.

Proportion of days covered (PDC)

Proportion of days covered (PDC) is a validated method of measuring medication
adherence that is used in studies involving pharmacy refill data, and is a recommended
technique for assessing medication adherence by the ISPOR SIG3312°, Use of PDC for
the measurement of medication adherence is also consistent with recommendations of
the Pharmacy Quality Alliance (PQA) and the National Quality Forum (NQF), which
support the use of PDC as the preferred method to assess medication adherence!??,
The Centers for Medicaid and Medicare Services (CMS) uses medication adherence to
using PDC as one of the measures for assessing quality and performance and
assigning star ratings for Medicare Part C and D plans'??. Recent studies on adherence
to COPD maintenance medications have also used PDC as the primary measure of

medication adherence®1:52,
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PDC is an indirect measure to assess medication adherence that has been used
with increasing frequency*?3-126, “The PDC is calculated as the number of days with
drug on hand divided by the number of day in the specified time interval”'?°. The PDC is

generally represented in the form of a percentage.

PDC = total number of days with drug on hand x 100

total number of days in the time interval

Similar to PDC, medication possession ratio (MPR) is also an indirect method
commonly utilized to assess medication adherence'?’. The MPR is the ratio of the
dispensed “days’ supply divided by the number of days before the patient discontinues
the medication"*?’. The MPR however, calculates medication adherence only when the
patient has the drug on hand, PDC on the other hand assess adherence over an entire
specified time period. The PDC also has an advantage over the use of MPR when
patients are prescribed multiple medications at a time. Patients with COPD prescribed
maintenance medications may undergo different patterns of maintenance medication
use. When multiple maintenance medication use patterns are present, MPR may cause
double counting and overestimate the actual medication adherence. Contrarily, while
assessing medication adherence using PDC, filled prescriptions are assessed such as
to avoid double-counting in the numerator.

Significance of medication adherence in COPD treatment
Patients who have chronic conditions and require therapy on a long-term basis

have lower adherence than patients with acute conditions*'!. Patients with COPD may
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also suffer from problems of poor medication adherence because of the number of
medications concurrently prescribed for controlling the symptoms. Maintenance
medications for COPD are usually prescribed in inhaled form using devices which may
require education on proper technigues of use of inhalers. These inhaled, maintenance
medications may be taken in multiple doses on a daily basis. Patients with COPD may
also commonly suffer from comorbid conditions such as diabetes, depression,
cardiovascular diseases and hypertension which may add to the medication burden and
lead to poor medication adherence**4°, In general, patients with COPD are poorly
adherent to their maintenance medications even when compared to their asthmatic
counterparts*. About 60% of COPD patients exhibit poor adherence to COPD
treatment and even more do not use their inhalers correctly46-48,

COPD is a progressive disorder without a cure, however proper management of
COPD with medication therapy helps to control the symptoms of COPD and may
prolong the advancement of the disease'“°. Adherence to maintenance medications in
patients with COPD have proven benefits in terms of economic, clinical, and humanistic
outcomes. It has been shown that adherence to COPD maintenance medications helps
to reduce mortality risk and the risk of severe respiratory exacerbations, which may in
turn lead to reduction in the number of inpatient and emergency room visits and their
associated costs®C. Invariably, the GOLD guidelines emphasize adherence to COPD-
related maintenance medications for achieving control of COPD symptoms and
exacerbations?.

Many studies have been published previously that examined the clinical and

economic significance of medication adherence to COPD-related maintenance
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medications. Eaddy and colleagues conducted a literature review of studies published
from 1974 to 2008, to assess the impact of medication adherence in chronic conditions
and its impact on clinical and economic outcomes®2. In the review, studies conducted in
patients with COPD and asthma were grouped together. They reported that past studies
have sufficiently shown that medication adherence among COPD and asthma patients
has a significant positive impact on clinical outcomes. Furthermore, they found that
medication adherence was significantly associated with lower healthcare resource
utilization and costs among patients with COPD or asthma.

Simoni-Wastila L et al, 2012 assessed a sample of Medicare beneficiaries
diagnosed with COPD using the 2006-2007, 5% random sample of Medicare
beneficiaries®. They calculated medication adherence (using PDC) and persistence to
maintenance medications for COPD for 18 months among 33,816 COPD patients
satisfying the study inclusion criteria. They found that both high medication adherence
(PDC = 80%) and persistence (greater than 280 days on maintenance medications)
were statistically significantly associated with lower all-cause hospitalization and all-
cause Medicare costs.

Toy E and colleagues assessed the impact of medication adherence (using PDC)
to COPD-related maintenance medications on all-cause healthcare resource
utilization®2. They followed a sample of 55,076 COPD patients for 12 months after index
date (date of first fill of a COPD-related maintenance medication) using a large
administrative dataset from 1999 to 2006. They found that medication adherence to
maintenance medications was significantly associated with healthcare resource

utilization and costs. Every 5% increase in medication adherence on the PDC scale was
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associated with a 2.5%, 1.8% and $300,00 decrease in all-cause inpatient visits,
emergency room visits, and annual costs, respectively.

Halpern et al conducted a study using a large administrative database among
4,537 COPD patients initiating maintenance medications tiotropium or fluticasone and
salmeterol combination between December 2004 and December 2005%4. They reported
that patients who were adherent (MPR = 80%), had lower respiratory-related medical
and inpatient costs by 37.1% (95% CI1 0.43-0.91) and 53.4% (95% CI 0.30-0.72),
respectively.

Vestbo J et al, 2009 analyzed data for 6,112 patients with COPD who
participated in the Towards a Revolution in COPD Health (TORCH) study, a double-
blind randomized controlled trial®®. They assessed medication adherence for patients
prescribed either fluticasone propionate and salmeterol combination or each drug
individually. They found that patients who had “good adherence” (defined as adherence
of greater than 80% to study medications) had statistically significantly lower odds of 3-
year mortality compared to patients who had poor adherence to study medications.
Patients with good adherence, as compared to patients with poor adherence, also had
significantly lower hospital admissions after controlling for other factors.

In summary, previously published studies have provided evidence highlighting
the importance of medication adherence to maintenance medications in COPD
treatment. Good medication adherence helps to control COPD symptoms and helps
reduce COPD exacerbations, reduce healthcare resource utilization and costs, and

reduces the risk for mortality.
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Use of prescription opioids among COPD patients

A significantly higher number of patients with COPD experience chronic pain
compared to patients with other chronic health conditions®8. With the high prevalence of
chronic pain, the use of prescription opioids for treating pain is also highly prevalent
(55.8%) among COPD patients®®. Prescription opioids are commonly used in treating
pain in COPD patients and are proven to be effective in providing analgesia®®.

Patients with COPD may experience dyspnea, a feeling of shortness of breath
and labored breathing associated with pain. The use of prescription opioids in the
treatment of dyspnea among COPD patients is widely accepted®¢:5’. Along with
dyspnea, prescription opioids are also used in COPD patients for other frequently
occurring conditions such as insomnia and musculoskeletal pain*?®12°, The GOLD
guidelines also support cautious use of prescription opioids among COPD patients?.

With their wide use, adverse events associated with prescription opioids may
also be common in COPD patients. Respiratory depression is a major concern in
patients with COPD. COPD patients who abuse or misuse opioids may be at increased
likelihood of respiratory depression than those without COPD. Due to the fear of
respiratory depression, physicians may feel hesitant to provide prescription opioids for
patients with COPD®°. Despite the likelihood of respiratory depression, previous
published controlled trials have reported prescription opioids to be safe for use in
patients with COPD%6:57.60-63 These studies however, suffered from many limitations
such as small sample sizes, and systematic exclusion of patients experiencing no
benefits and those who died®*. With the high prevalence of prescription opioid use, it is

important to understand how prescription opioids affect COPD patients’ healthcare
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resource utilization and costs and medication adherence to maintenance medications.
Prevalence and the effects of prescription opioid use in COPD patients and
healthcare outcomes

Roberts M and colleagues used 2006 to 2010 data from a managed care plan
from southwest region in the US to assess the prevalence of chronic pain among COPD
patients®®. COPD patients (n=7,952) above 40 years of age were matched in a 1:2 ratio
to a similar sample of patients without COPD (n=15,904) but having a diagnosis of
another chronic health condition. The prevalence of chronic pain was higher in COPD
patients compared to the matched group of non-COPD patients (59.8% vs 51.7%).
When compared to patients without COPD but with another chronic illness in
multivariate analyses, COPD patients had higher odds of having chronic pain, and
overall use of chronic pain-related medication, and statistically significant higher odds of
chronic use of short and long acting prescription opioids (OR: 1.74; 95% CI: 1.57 —
1.92). The findings from the study suggest that COPD patients have a high prevalence
of chronic pain and consequently have a high prevalence of opioid medications
compared to patients with other chronic conditions.

Vozoris N et al, 2015 conducted a study using an administrative claims database
from Ontario, Canada to estimate the prevalence of prescription opioid use among older
COPD patients'2°. They identified physician-diagnosed COPD patients from 04/01/2003
to 03/31/2012 using a validated algorithm. Only incident prescription opioid users were
included in study, defined as patients without a receipt of prescription opioid use for 12-
months before the first prescription opioid fill. Included patients were followed for 12

months from the first prescription opioid fill to assess patterns of opioid use. The study
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included a total of 123,316 COPD patients of which about 60% received an opioid
prescription during the study period, representing a high prevalence of incident
prescription opioid use among older COPD patients. Among COPD patients enrolled in
long-term care, about 20% received a greater than 30-day supply of prescription
opioids, 35 to 43% had second dispensing of prescription opioids, 24.2% had early
refills, and about 9% had concurrently received multiple prescription opioids.

Cicero T and colleagues conducted a study using a sample of privately insured
patients from a large administrative claims database from the Midwest region*3!. Their
objective was to describe the prevalence of chronic and acute prescription opioid use
among pain patients and to identify the presence of comorbid conditions among
prescription opioid users. They identified a total of 3,726 chronic prescription opioid
users (defined as having >180 days of supply for opioids in a year) and 37,108 acute
prescription opioid users (defined as having <10 days of supply for opioids a year), and
337,366 non-opioid users. About 4.5% of the entire study sample had a diagnosis of
COPD however COPD patients represented over 6% of all prescription opioid users.
The prevalence of prescription opioid use among COPD patients was high, about 15%
of all COPD patients in the study were prescription opioid users with about 3% of alll
COPD patients being chronic prescription opioid users. Of all the chronic prescription
opioid users in the study, 12.7% had a diagnosis of COPD. Cicero T et al reported that
although chronic prescription opioid users represented only 0.65% of the entire study
population they had significantly higher all-cause healthcare resource utilization,
compared to acute and non-users, and filed over 5% of all medical claims. Chronic

prescription opioid users, compared to acute and non-opioid users, had significantly
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higher number of emergency room and outpatient visits, longer inpatients hospital visits,
visited higher number of physicians, and had higher comorbid health condition
diagnoses, including COPD.

Vozoris N et al, 2016 conducted a study to identify the effects of prescription
opioid use on adverse respiratory outcomes among older COPD patients®4. They used a
validated algorithm to identify physician-diagnosed COPD patients from 04/01/2007 to
03/31/2012, using an administrative claims database from Ontario, Canada. A cohort of
COPD patients with incident prescription opioid use (n=89,224), with evidence of no
prescription opioid use in 12-months pre-period, was matched to a controlled group of
COPD patients having an incident fill for any medication (h=41,930), with no fill for the
same medication in the 12-months pre-period using inverse probability of treatment
weighting using propensity score technique. Their objectives were to identify the
occurrence of adverse respiratory outcomes within 30 days of incident prescription
opioid use. Adverse respiratory outcomes were defined as COPD or pneumonia-related
outpatient respiratory exacerbation, hospitalization, or an intensive care unit (ICU)
admission during a hospitalization for COPD or pneumonia, and COPD and all-cause
mortality. The authors reported that incident prescription opioid users, regardless of
opioid dose, were associated with a significantly higher risk for COPD and pneumonia-
related emergency room visits (hazard ratio (HR) 1.14, 95% CI: 1.00-1.29) and
mortality (HR 2.16, 95% CI: 1.61-2.88) and all-cause mortality (HR 1.76, 95% CI 1.57—
1.98). The significant results persisted even after adjusting for the use of low dose (<30
mg morphine equivalent dose per day) and high dose prescription opioids (>30 mg

morphine equivalent dose per day). No differences were found for hospitalizations and
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ICU admissions between the two groups. The objectives of the study were to only
assess the risk of incident prescription opioid use, and the authors therefore did not
assess the effect of long-term prescription opioid use. It is possible that long-term
prescription opioid use may be associated with higher adverse events than incident use,
however this was beyond the scope of the study.

Ekstrom M and colleagues conducted a study to identify the effects of
prescription opioid and benzodiazepine use on hospital admission rates and mortality
rates among COPD patients®®. They used a Swedish national registry to identify severe
COPD patients, above 45 years of age and starting long-term oxygen therapy between
2005 and 2009. Patients were classified based on their baseline prescription opioid use,
irrespective of whether the dose changed in the follow-up period, as low dose
prescription opioids (<30 mg morphine equivalent dose per day) and high dose
prescription opioids (>30 mg morphine equivalent dose per day). In the adjusted
analysis, the use of prescription opioids in COPD patients had no effect on the rate of
hospital admission compared to COPD patients without prescription opioids, this effect
persisted even when accounted for the use of low dose or high dose of prescription
opioids. For mortality rates, use of low dose prescription opioids had no statistically
significant effect on mortality rate, however using high dose prescription opioids
significantly increased the mortality rate of COPD patients (hazard ratio: 1.21; 95% CI:
1.02 — 1.44). There was a linear dose response relationship with increased mortality for
increased opioids doses (increments of 0.1 mg morphine equivalent dose per day). The
finding of lack of association between low-dose prescription opioids and mortality

among COPD patients in the Ekstrom M et al study contradicts the findings from the
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Vozoris N et al, that use of even low-dose prescription opioids were associated with
increased COPD-related and all-cause mortality®4.

Vozoris N et al, 2017 conducted a retrospective cohort study to identify the
impact of incident prescription opioid use on adverse cardiac events®’. The study was
conducted among a geriatric sample of COPD patients identified using an administrative
claims database from Ontario, Canada between April 2008 to April 2013. The COPD
patients were either residents of long-term care facilities or non-institutionalized
community dwellers. The study cohort included COPD patients with incident prescription
opioid use and the control group were COPD patients without evidence of a prescription
opioid fill. Study objectives were to identify the occurrence of adverse cardiac events,
defined as mortality, emergency room visits, and inpatient hospitalization associated
with ischemic heart disease and cardiac failure, within 30 days of incident prescription
opioid use®’. Incident use of prescription opioid was associated with statistically
significant increased rates of ischemic heart disease-related mortality and morbidity
among COPD patients residing in long-term care facilities. Contrarily, among community
dwelling COPD patients, incident prescription opioid use was not significantly
associated with adverse cardiac events. This insignificant association could be
attributed to the fact that about 90% of COPD patients used a combination of an opioid
agent (combined with non-opioid agents such as non-steroidal anti-inflammatory
agents) compared to just 10% using potent opioid-only agents such as fentanyl and
hydromorphone. Hence, when stratified by the type of prescription opioid agents used,
prescription opioid-only user had significantly higher hazard rates for ischemic heart

disease-related emergency room visits and hospitalizations (hazard ratio 1.38; 95% ClI
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1.08-1.77) and mortality (hazard ratio 1.83; 95% CI 1.32—-2.53) compared to users of

combination prescription opioids.

In summary, previously published studies about the prevalence of prescription
opioid use among patients with COPD suggests a high prevalence of prescription opioid
use among COPD patients®®131, COPD patients may have higher prevalence of chronic
pain compared to patients without COPD but with other chronic conditions and
subsequently display a higher use of prescription opioids®®. Despite physicians’ fear of
respiratory depression due to prescription opioid use, COPD patients still exhibit a high
prevalence of both long-term and short-term use of prescription opioids. Only three
studies assessed the effect of prescription opioid use on adverse health outcomes
among COPD patients®466.67  Although these studies classified prescription opioids
according to high or low doses they did not assess the impact of length of prescription
opioid use either long-term use or short-term use of prescription opioids on COPD-
related health outcomes. These studies also found contrasting results on the effects of
prescription opioids on adverse health outcomes. Vozoris et al found opioid use to be
associated with increased all-cause and COPD related mortality and COPD and
pneumonia-related emergency room visits®*. The dose of prescription opioids, either
low-dose or high-dose, had the same effect on the outcomes. Contrarily, Ekstorm M et
al reported that increased mortality was associated with only high dose prescription
opioids, whereas low dose prescription opioids did not increase the risks of mortality
among COPD patients®®. Vozoris N et al, 2017 found that prescription opioid-only users

compared to users of prescription opioids combined with non-opioid agents had
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significantly higher hazard rates for ischemic heart disease-related emergency room
visits, hospitalizations and mortality®”.

Although the prevalence of prescription opioid use is high among COPD patients,
the effects of prescription opioids on COPD outcomes in this population is not very well
studied. Medication adherence is an important aspect of maintenance medication
therapy among COPD patents and has been associated with significant clinical and
economic outcomes. None of the previous studies have assessed the impact of
prescription opioid use on adherence to maintenance medications for COPD. Managing
and controlling COPD exacerbations is an important aspect of controlling COPD
symptoms. None of the previously published studies have assessed the impact of
prescription opioids on COPD exacerbations. Furthermore, long-term prescription
opioids may lead to aberrant drug related behavior among COPD patients and may
have severe consequences on COPD-related medication adherence and COPD-related
healthcare resource utilization and costs. However, no study in the past has the
assessed the effect of long-term prescription opioid use in COPD patients.

Theoretical Framework

The Andersen's Behavioral Model of Health Services Use was used as a
theoretical framework to facilitate the analyses of the study objectives. The model was
originally developed by Ronald M Andersen and has been modified since the original
publication in 1968%°:7°, The model has been extensively used by previous studies to
assess healthcare service utilization patterns in a multitude of disease areas and patient
populations’~">. The model is based on the theory that factors such as predisposing

factors which predispose individuals to seek care, need factors which necessitate

54



individuals and health professionals to assess their health status, and enabling factors
which provide the means to or act as barriers to access to care together contribute
towards patient health behaviors outcomes. The model, as depicted in Figure 2,
predicts the influence of different factors on individual’s predisposition or predisposing
factors, ability or enabling factors and need to access the available resources that
eventually result in patients’ health behavior and eventually outcome such as healthcare
service utilization®%7°,

Predisposing factors already exist in individuals or group of individuals prior to
them having the disease condition. These factors indicate the tendency of the
individuals towards utilization of healthcare services and they include socio-
demographic characteristics such patient age, gender, race, education level, and values

towards health and illness.187:188
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Figure 2. Andersen’s Behavioral Model of Health Services Use

Predisposing

Factors
Need Health
Factors Behavior Outcomes
Enabling
Factors

*Source: Andersen (1995)7°
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Enabling factors are the means available to an individual to be able to utilize
healthcare services. These factors include accessibility to services, access to care,

insurance status, source of care and income level89.70,

Need factors are comprised of factors that include self-perception of individuals
about their health status and the evaluation of the individual's healthcare provider:
perceived health status, severity of disease, number of physician visits, presence of
comorbidities and quality of life®®:7°,

Health behavior describes the behavior that individuals undertake due to the
influence of predisposing, need and enabling factors. Outcomes are comprised of
utilization of healthcare resources and the associated costs of the use.

Andersen's Behavioral Model of Health Services Use presents a complete
theoretical framework of numerous factors influencing healthcare services utilization.
The model serves as a guide for the choice of variables which may impact adherence to
COPD-related maintenance medications and COPD exacerbations and healthcare
costs among COPD patients. In the proposed study, predisposing, need, and enabling
factors together affect a patient’s health behavior, which is their ability to either adhere
or not to adhere to their maintenance medication regimen for COPD. The impact of the
factors on medication adherence eventually will affect the individual’s outcome, which is
COPD exacerbations and total healthcare costs. The health behavior variables in this
study are COPD-related maintenance medication adherence that will influence COPD-
related exacerbations (both moderate and severe exacerbations) and total healthcare

costs (prescription medication and medical costs) (Figure 3.).
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Figure 3. The impact of prescription opioid use on COPD maintenance medication
adherence, COPD exacerbations and COPD-related total healthcare costs using
Andersen’s Behavioral Model of Health Services Use

* CCI, Deyo-Charlson comorbidity index; IP, inpatient; ER, emergency room; OP,
outpatient; MM, maintenance medication; SABA, short-acting beta agonist; MSA,
metropolitan statistical area.
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Prescription opioid use along with additional factors may affect adherence to
maintenance medications for COPD and healthcare outcomes (COPD-related
healthcare resource utilization and costs). Predisposing, need and enabling factors
comprised of sociodemographic characteristics, clinical characteristics, physician
characteristics, and prior utilization characteristics may also affect adherence. Although
the model enlists a range of factors to consider to better explain healthcare utilization,
some factors may not be measurable considering the retrospective claims nature of the
data used to conduct the analyses.

A disparity in access to care between the prescription opioid user and non-user
groups of COPD patients can be due to a stronger effect of enabling and predisposing
factors on COPD-related medications, COPD exacerbations, and total costs compared
to need factors'®?. On the other hand the stronger influence of need factors compared to
enabling and predisposing factors on total healthcare costs can signify equal access to
carels?,

Andersen's Behavioral Model of Health Services Use is a widely used model to
understand factors that have an influence on the utilization of healthcare services by
individuals. The choice of the variables in the study was determined by the various
components of the Andersen's Behavioral Model of Health Services Use. Controlling for
the various predisposing, enabling, and need factors in the model helps us understand
the impact prescription opioid use may have on adherence to maintenance medications
for COPD and COPD exacerbations and total healthcare costs.

Significance and need for the study

If a significant negative association is identified between the use of prescription
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opioids and medication adherence to COPD-related maintenance medications and
COPD-exacerbations, it would suggest for improving the management of COPD
patients to address non-adherence to maintenance therapy. Also, if our study results
indicate higher healthcare costs for the management of COPD patients concurrently
taking prescription opioids then proper identification and management of prescription
opioid therapy along with efforts to improve COPD-related adherence may decrease the
total healthcare costs of management of COPD.

Increased efforts to identify comorbid prescription opioid use and manage poor
adherence to maintenance medications for COPD may lead to improved COPD
outcomes such as lower rate of COPD exacerbations and lower total healthcare costs.
For COPD patients taking maintenance medications, identification of concurrent
prescription opioid use might be an effective gauge of potential poor medication
adherence in the future and may advocate for improved surveillance and management
to attain optimum medication adherence. The results from our study could facilitate
designing effective interventions that would help reduce non-adherence to maintenance
medications for COPD and thus improving COPD exacerbations and total healthcare
costs and further lead to better allocation of limited healthcare resources among COPD
patients. If concurrent use of prescription opioids has a significant association on
adherence to maintenance medication for COPD and COPD exacerbations and total
healthcare costs, then the results of the study may encourage future research to identify
the effects of concurrent prescription opioid use on adherence to medications for other

chronic conditions.
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CHAPTER 3 METHODS

This chapter is a description of the methods utilized to execute the numerous
specific aims of the study. The chapter starts with a detailed description of the study
research design and the study population. Next, a description of the study database
timeline is provided followed by a detailed description of the study inclusion and
exclusion criteria. A description of the study’s independent and dependent variables is
provided followed by the statistical techniques used to analyze the study objective by
specific aims. Finally, the chapter provides a section on estimation of the required
sample size for the study, followed by the potential study limitations, institutional review
board approval, and the timeline for conducting the study.

Research Design

A retrospective, cross-sectional study design was utilized to examine the impact
of prescription opioid use on adherence to maintenance medications for COPD, COPD
exacerbations and total healthcare costs among COPD patients. Patients using
maintenance medications for COPD were identified from the 2008 to 2010, Truven
MarketScan Commercial Claims and Encounters Database. Patients using maintenance
medications for COPD were identified in the 12-month index period. A 6-month pre-
index period without an opioid prescription was used to determine inclusion of only
prescription opioid naive patients. Adherence to maintenance medications for COPD
and COPD-related severe and moderate exacerbations and total, all-cause healthcare
costs were assessed in the 12-month post-index period. Patients were required to be
continuously enrolled in the dataset in both the pre- and post-index periods for a total of

24 months.
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Study population

This study utilized the Truven Health MarketScan Commercial Claims and
Encounters Database which is comprised of patients aged 40 to 64 years old. The
National, Heart, Lung, and Blood Institute reports that COPD generally occurs in adults
40 years old and above’®. The Truven Health MarketScan Commercial Claims
Database only includes patients below the age of 65. Therefore, our inclusion criteriion
was restricted to ages 40 to 64.

The Truven Health MarketScan Commercial Claims and Encounters Databases
is the largest administrative claims database in the US with 143 million unique patients
in total since 1996. Nearly half of all US private healthcare insurance plans are
represented in the MarketScan databases. The MarketScan Commercial Claims and
Encounters Databases reflect patients’ real-world treatment costs and patterns as they
proceed through the healthcare system. The dataset includes information on active
employees, early retirees, and their dependents insured by employer-sponsored
plans33. The MarketScan database contains information on outpatient and inpatient
visits, prescription drugs, and costs of services!3:.

In one full average data year, MarketScan database contains information on 50
million unique patients. The dataset has a large number of patients and can provide a
US nationally representative sample with employer-provided health insurance!33, The
MarketScan database offers information on healthcare provided in “all settings
including, physician office visits, hospitalizations, and retail and mail-order and specialty
pharmacies”. The MarketScan database allows for longitudinal information on

patients for multiple years. As the database is sourced from large employers it allows for
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tracking of patients across multiple health plans. This is useful as patients often change
health plans and this allows for information on patients who have the potential to lack
information due to this change. Sample elements collected in the MarketScan database
are listed in Table 5.
Study dataset timeline

Data used in the study consisted of data available in the Truven Health
MarketScan Commercial Claims and Encounters Data for the time period, January 1,
2008 to December 31, 2010. The study data was classified into three specific time
periods: pre-index period, index period, and post-index period. The study dataset
timeline is depicted in Figure 4. Study dataset timeline
Index period

The period from July 1, 2008 to December 31, 2009 was categorized as the
index period. This period was used to identify COPD patients with a prescription fill for
COPD-related maintenance medications and additionally a fill for prescription opioids for
the exposed group.
Index date

The first fill of a prescription opioid and maintenance medication during the index
period was identified for COPD patients. The date of the first fill of a prescription opioid
was marked as the index date for the exposed group (prescription opioid users) and the
first prescription fill of a maintenance medication as the index date for the control (non-

opioid users).
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Table 5. Sample data elements collected in the MarketScan Commercial Claims

database
Demographic Medical Health plan Financial Drug Enrollment
characteristics _information features information information information
Patient ID
Age Admission Coordination Total Generic Date of
date and type  of benefits payments product ID enroliment
amount
Gender Principal Deductible Net payments  Average Member days
diagnosis amount wholesale
code price
Employment Discharge Copayment Payments to Prescription Date of
status (hourly, status amount physician drug payment  disenrollment
etc)
Relationship of  Major Plan type Payments to Therapeutic
patient to diagnostic hospital class
beneficiary category
Geographic Principal Payments — Days supplied
location (state,  procedure total
zZip code) code admission
Secondary National drug
diagnosis code
codes (up to
14)
Secondary Refill number
procedure
codes (up to
14)
DRG Therapeutic
group

Length of stay

Place of
service

Provider ID

*Adapted from Hansen LG and Chang S, 2012133
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Figure 4. Study dataset timeline

Pre-index period: A 6-month period before Post-index period: A 12-month period
the index date to 1. Ensure continuous following the index date to 1. Ensure
eligibility, 2. Ensure absence of opioid continuous eligibility, 2. Assess study
use, 3. Assess adherence to COPD dependent variables (outcomes), 3.
maintenance medications, 4. Calculate Identify use or no use of prescription
healthcare utilization, 5. Identify opioids

comorbidities
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Pre-index period

After the identification of the index date within the index period, a period of 6
months preceding the index date was categorized as the pre-index period. This 6-month
per-index period is important for several reasons:

1. The pre-index period was used to ensure continuous eligibility of patients with

COPD in the dataset;

2. This pre-index period was used to ensure that patients with COPD do not have

the presence of prescription opioid fill before the index date;

3. During the pre-index period, adherence to COPD maintenance medications

before the start of a prescription opioid therapy was assessed;

4. The pre-index period was also the period during which COPD exacerbation

were identified,;

5. Presence of other comorbid chronic conditions was also assessed during the

pre-index period.
Post-index period

Post-index period was classified as a period of 12 months following the index
date among patients with COPD. It was used to ensure continuous eligibility of the
patients in the dataset. A 12-month post-index period helps maintain uniform length of
follow-up for each patient in the study. Healthcare outcomes for the study such as
medication adherence to COPD maintenance medication, COPD exacerbations, and
total, all-cause healthcare costs were assessed during this period. Use of prescription

opioids either long-term or short-term were also be identified in the post-index period.
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Inclusion and exclusion criteria
Criteria for the identification of COPD

The study population with COPD was identified from healthcare claims using the
ICD-9-CM diagnoses codes. Patients with COPD were identified on the basis of ICD-9-
CM diagnosis codes corresponding to COPD (Table 6.). The study population
comprised patients diagnosed with COPD and having a minimum of two prescription
claims for COPD maintenance medications. Evidence of maintenance medication use
was identified using national drug codes (NDC). NDCs are 11-digit codes that are
unique to each medication approved by the US FDA. The numbers in an NDC can be
used to identify the drug manufacturer, the specific dosage and strength of the
medication, and the package size and form. The specific NDC codes for inhaled, long-
acting bronchodilators (maintenance medications) for COPD, approved during the study
period, were used to identify patient’'s maintenance medication use status. The following
criteria for the identification for COPD patients was used:

1. Atleast one inpatient hospitalization claim for COPD in the primary or secondary
diagnosis position and a minimum of two prescription claims for maintenance
medications for COPD.

2. At least two emergency room visit claim for COPD in the primary or secondary
diagnosis position and a minimum of two prescription claims for maintenance
medications for COPD.

3. At least two outpatient provider visit claim for COPD in the primary or secondary
diagnosis position and a minimum of two prescription claims for maintenance

medications for COPD.
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Study inclusion criteria

1.

3.

4.

Patients with a diagnosis of COPD were included in the study. The
aforementioned criteria were employed to identify the presence of COPD. Only
patients having evidence of COPD maintenance medication (as described
above) use were included in the study.

The identified patients with COPD were required to have continuous enrolliment
in the database in the pre-index and post-index periods (6 months before and 12
months after the index date).

Only patients aged 40 to 64 years old at the index date were included.
Prescription opioid users were also required to have a COPD maintenance

medication on-hand when initiating a prescription opioid therapy.

Study exclusion criteria

1.

3.

Patients who do not have continuous eligibility in the dataset 6 months before
and 12 months after the index date were excluded from the study.

Patients with diagnosis of any cancer, HIV and AIDS (Table 6.) were excluded
from the study as the use of prescription opioid therapy in these patients is
markedly different than in patients without these conditions.

COPD maintenance medication use may differ among COPD patients with certain
respiratory comorbidities compared to COPD patients without these
comorbidities'3#135, Hence COPD patients with the following comorbid conditions
were excluded: asbestosis, sarcoidosis, pulmonary tuberculosis, fibrosis due to
tuberculosis, cystic fibrosis, pulmonary fibrosis, pneumoconiosis, bronchiectasis,

and alpha-1 antitrypsin (Table 6.).
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4. Only prescription opioid naive patients were included. A 6-month pre-index
period without an opioid prescription was used to ensure that only patients who
are drug-naive for prescription opioids are included.
5. Patients who start prescription opioid therapy before starting COPD maintenance
medications were excluded.
6. COPD patients who have claims for prescription opioids specifically methadone
and buprenorphine were excluded. Methadone and buprenorphine are used as
opioid maintenance therapy for the treatment of opioid addiction and are
therefore different than prescription opioid therapy for the treatment of CNCP.
Study variables
Independent Variables

Table 7. provides a list of all the independent variables that were used in the
analyses of the specific aims. The independent variables are representative of
sociodemographic characteristics, clinical characteristics, prior utilization characteristics,
COPD severity, and physician characteristics.

The selection of variables is based on the proposed theoretical framework, the
Andersen’s Behavioral Model of Health Services Use. Variables were categorized into
three groups: predisposing factors, enabling factors, and need factors. Predisposing

factors include sociodemographic variables. Enabling factors include economic
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Table 6. Conditions satisfying the inclusion and exclusion criteria and their
corresponding ICD-9CM diagnosis codes

Condition Corresponding ICD-9CM diagnosis
codes

Included condition
COPD 491.x, 492.x, or 496

Excluded conditions
Cancer conditions 140, 141, 142, 143, 144, 145, 146, 147,
148, 149, 150, 151, 152, 153, 154, 155,
156, 157, 158, 159, 160, 161, 162, 163,
164, 165, 170, 171, 172, 173, 174, 175,
176, 179, 180, 181, 182, 183, 184, 185,
186, 187, 188, 189, 190, 191, 192, 193,
194, 195, 196, 197, 198, 199, 200, 201,
202, 203, 204, 205, 206, 207, 208, 209,
230, 231, 232, 233, 234, 235, 236, 237,

238, 239
HIV/AIDS 042.xx, 079.53, 279.10, 279.19, 795.71,

995.8x
Asbestosis 501
Sarcoidosis 135
Pulmonary tuberculosis 011
Fibrosis due to tuberculosis 011.40
Cystic fibrosis 277.00
Pulmonary fibrosis 513.31
Pneumoconiosis 505
Bronchieostasis 494.0, 494.1
Alpha-1 antitrypsin 273.4
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Table 7. Study independent variables

Variable

Operational Definition

Factors as per
Andersen’s Behavioral
Model

Sociodemographic characteristics

Sex

Age

Metropolitan

Statistical Area

Region

Insurance Plan Type

Dichotomized as:
Male
Female

Categorized as:
40 to 49 years
50 to 59 years
>60 years

Dichotomized as:

Urban
Rural

Categorized as:
Northeast
North Central
South

West

Categorized as:

Preferred provider organization

(PPO)

Health maintenance organization

(HMO)
Other

Predisposing factor

Predisposing factor

Predisposing factor

Predisposing factor

Enabling factor

Clinical characteristics

Prescription opioid
use (Specific Aim 1)

Prescription opioid
use (Specificaim 1 —
sub-group analysis)

Characterized as:

Non-user
User

Characterized as:

<30-day supply in the follow-up

period

Need factor

Need factor
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Variable

Operational Definition

Factors as per
Andersen’s Behavioral
Model

Prescription opioid
user (Specific Aims 2
to 4)

Deyo-Charlson
Comorbidity Index

Pain conditions

Number of pain
conditions

Type of index
maintenance
medication

Mail-order index
maintenance
medication
prescription

Co-morbid conditions

>30-day supply in the follow-up
period

Dichotomized as:

Non-user
Long-term user

Continuous variable indicating
Deyo-Charlson Comorbidity score
in the pre-index period

Categorized as:
Back pain

Neck pain
Arthritis/Joint pain
Headache/Migraine
Dyspnea

Categorized as:

0

1

>2

Categorized as:

ICS+LABA

LAMA+LABA or LAMA+ICS
ICS+LABA+LAMA

ICS or LABA or LAMA

Dichotomized as:

Yes
No

Categorized as:
Asthma

Need factor

Need factor

Need factor

Need factor

Need factor

Enabling factor

Need factor
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Variable

Operational Definition

Factors as per
Andersen’s Behavioral
Model

Number of comorbid
conditions

Adherence to COPD-
maintenance
medications in the
pre-index period

Cardiovascular disease
Chronic kidney disease
Depression

Diabetes

Osteoporosis

Anemia

Categorized as:

vV = O

2

Dichotomized as:

Adherent if PDC = 80%

Non-adherent if PDC < 80%

Need factor

Need factor

COPD severity indicators

Supplemental oxygen
use in the pre-index
period

SABA use in the pre-
index period

COPD-related severe
exacerbations in the
pre-index period

COPD-related
moderate

Dichotomized as:

Yes
No

Dichotomized as:

Yes
No

Dichotomized as:

v O

1

Dichotomized as:
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Variable Operational Definition Factors as per
Andersen’s Behavioral
Model

exacerbations in the
pre-index period

21

Physician characteristics

Pulmonologist visit in  Categorized as: Enabling factor
the pre-index period

Yes

No

Prior utilization characteristics

Total all-cause Continuous variable representing  Need factor
healthcare costs in total all-cause healthcare costs
the pre-index period  (medical costs + prescription

costs) in the pre-index period

* |CS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-acting
muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of days
covered.
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variables and variables related to access to healthcare. Need factors include variables
related to the severity of the disease.
Predisposing factors:

Demographic variables in this study include patient’s age, sex, and region of
residence and metropolitan statistical area. Patient’s age was calculated as the
difference between year of birth and the year of the study index date.

Enabling factors:

The enabling variables in the study include type of insurance plan the patient is
enrolled in, visit to a pulmonologist in the pre-index period, and whether the index
maintenance medication is a mail-order prescription. The type of health insurance plan
the patient was enrolled in was categorized as health maintenance organization (HMO),
preferred provider organization (PPO) and other plan types which included point of
service (POS), comprehensive, preferred of service (POS) with capitation, consumer-
driven health plan (CDHP), high-deductible health plan (HDHP).

Need factors:

Severity of the disease constitute the need factors in the Andersen model. As the
MarketScan Commercial Claims and Encounters Data doesn’t record clinical variables
for severity, the study includes proxy measures for severity such as having moderate
and severe COPD exacerbations in the pre-index period, total all-cause healthcare
expenditures in the pre-index period, presence of chronic comorbidities and pain
conditions in the pre-index along with comorbidity index measured by the Deyo-
Charlson comorbidity index, the type of index maintenance medication, the use of short-

acting beta agonist in the pre-index, and also the use of supplemental oxygen.
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Since outcomes in the post-index period may be influenced by several variables
in the pre-index period, these variables were adjusted for while conducting data
analyses. Patients with low or high medication adherence or higher or lower healthcare
costs in the pre-index period could also lead to high or low medication adherence or
higher or lower total healthcare costs in the post-index period, respectively. Having a
history of COPD exacerbations has been considered as a strong predictor of having
COPD exacerbations in the future’®. Hence, variables related to COPD severe and
moderate exacerbations, medication adherence, total healthcare costs in the pre-index
period were adjusted for in multiple regression analyses.

Charlson’s comorbidity index identifies the comorbid conditions in patients and
applies weights to those conditions depending on the disease severity. The weight
assigned to a comorbid condition depends on its relationship with mortality. In 1987,
Charlson developed a comorbidity index based on 17 comorbidities. The comorbid
conditions included in the Charlson’s index are reported in Table 8. The Charlson index
assigns weights of 1, 2, 3 or 6 to these comorbid conditions based on their severity
(Table 8.). The diseases that have a higher impact on mortality have higher weights as
opposed to conditions that have a lower impact. All the weights for all the 17
comorbidities are totaled for each patient to calculate the index severity score. The
Deyo modification of the Charlson index has been adapted for its use in administrative

claims databases'®®. This study uses the Deyo modification of the Charlson index.
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Table 8. ICD-9CM codes for medical conditions included in the Deyo-Charlson
comorbidity index and their corresponding weights

Medical Condition ICD-9 CM Code
Conditions with a weight of 1
Cerebrovascular disease 430-433, 435
Congestive heart failure 398, 402, 428
Dementia 290, 291, 294
Mild liver disease 571,573
Myocardial infarction 410, 412
Peripheral vascular disease 440-447
Rheumatologic disease 710,714,725
Ulcer disease 531-534
Conditions with a weight of 2
Hemiplegia 342,434, 436, 437
Moderate or severe renal disease 403, 404, 580-586
Any tumor 140-195
Diabetes 250
Leukemia 204-208
Lymphoma 200, 202, 203

Conditions with a weight of 3
Moderate or severe liver disease 070, 570, 572

Conditions with a weight of 6
Acquired immune deficiency
syndrome (AIDS) 042-044
Metastatic solid tumor 196-199
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Dependent Variables

Table 9 provides a list of all the dependent variables assessed in the study along
with their operational definitions and are presented by each specific aim in the study.
Operational definition of study outcome for Specific Aims 1 and 2

Specific Aim 1 examines the impact of prescription opioid use compared to no
opioid use on adherence to controller mediations for COPD among a real-world, large
sample of COPD patients after adjusting for other confounders. The outcome measured
in Specific Aim 1 was medication adherence.

For the calculation of medication adherence to COPD maintenance medications
using proportion of days covered (PDC), a technique developed by Choudhry NK et al,
2009 and recommended by the Pharmacy Quality Alliance (PQA)*?%137 was used. The
interval-based technique using the proportion of days during which the patients had at
least one of their medications available to them is useful when calculating medication
adherence in a scenario where patients with chronic conditions such as COPD have
multiple classes of maintenance medications being concurrently prescribed. Using
medication possession ratio (MPR) in such a scenario may overestimate medication
adherence to controller medications, and assessing adherence using PDC to only the
index prescription as done by previous studies may underestimate the actual
medication adherence!?’. Therefore, the interval-based technique for calculation of PDC

was utilized in the study.
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Table 9. Outcomes assessed in the study (dependent variables)

Variable Operational definition
Specific Aim 1
Medication adherence measured using Dichotomized as:

proportion of days covered (PDC)
Adherent if PDC = 80%

Non-adherent if PDC < 80%

Specific Aim 2

Medication adherence measured using Dichotomized as:
proportion of days covered (PDC)
Adherent if PDC = 80%
Non-adherent if PDC < 80%

Specific Aim 3
Severe COPD exacerbations Count variable — number of post-index
severe COPD exacerbations
Moderate and severe COPD Count variable — number of post-index
exacerbations severe and moderate COPD
exacerbations
Specific Aim 4
Total medical costs Continuous variable — post-index all-
cause drug costs + medical costs (USD,
2010)
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The following steps adapted from Naik R et al, 201113 were utilized in the
calculation of PDC as a measure of medication adherence:

For the numerator in the PDC equation, the number of days during which
patients had at least one of their prescribed COPD long-acting maintenance
medications available to them starting from the index date until the latest prescription
date in the follow-up period for any of the maintenance medications they were using
was calculated (Figure 5.)*37. New variables accounting for the number of follow-up
days in the post-index period were created to represent each day in the follow-up
period. Each variable records whether the person did or did not have a fill for a COPD
maintenance medication. If an included person has a COPD maintenance medication
from a particular class on a particular day, he/she is given a value of 1. Whereas, a
value of 0 represents no fill. The numerator then is the sum of all the days in the post-
index period during which the person had a COPD maintenance medication. For
example, for a patient being treated with an inhaled corticosteroid and long-acting beta
agonist, the numerator of the adherence measure is the number of days during which
he/she had either an inhaled corticosteroid or long-acting beta agonist (Figure 6.)*.
Similarly, for the calculation of PDC in the pre-index period the numerator was
considered to be the number of the days the person had a COPD maintenance
medication from the first fill of a maintenance medication in the pre-index period, until
the index-date.

Accounting for oversupply when a patient refills a maintenance medication
prescription early: When a patient refills a COPD maintenance medication before the

last day of the previous dispensing of the same maintenance medication, the new
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Figure 5. Measuring medication adherence to individual medication classes using
the interval-based approach for PDC

Date of Date of last Rx
first Rx in interval
0 X

Days supplied
from last Rx

Numerator = Total days supplied

Denominator = Total days in interval (365 days)

*Adapted from Choudhry NK et al, 2009137

The numerator in the PDC calculation is the total number of days of medication supplied
from all prescriptions in a particular medication class (i.e. x+y days). The denominator in
the PDC calculation is the total number of days in the specified time interval (i.e. t=365
days).
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Figure 6. Using PDC to measure concurrent medication adherence to multiple
classes of COPD maintenance medications

Drug Class 1
A B C

0
¥

Drug Class 2

A

A4

Post-index period

Index Date 365 days

PDC = number of days between A and F with 21 drug available X 100
365

A, represents the index date or the day the prescription for the first COPD
maintenance medication belonging to class 1 was filled

B, represents the last refill date of the first COPD maintenance medication
belonging to class 1

C, represents the last day of supply of the first COPD maintenance medication
belonging to class 1

D, represents the day the first prescription of a COPD maintenance medication
belonging to class 2 was filled

82




E, represents the last refill date of the second COPD maintenance medication
belonging to class 2

F, represents the last day of supply of the second COPD maintenance
medication belonging to class 2

B to C, represents the time when the patients has prescriptions for both the first
and second COPD maintenance medication belonging to the 2 classes
*Adapted from Choudhry NK et al, 2009137
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prescription refill is adjusted to begin the day after the last day of the previous
prescription refill.

Accounting for oversupply when a patient switches to a different maintenance
medication: Unlike oversupply due to early refills, when a patient switches to another
COPD maintenance medication the switch is automatically accounted for in the
calculation of the PDC. As per PDC, medication adherence for each class of COPD
maintenance medication is not calculated rather each day a patient has a controller
medication irrespective of the class of the controller medication is calculated. So,
oversupply when switching to a different class of COPD controller medications is
accounted for in the numerator of the PDC ratio. The length of stay in a hospital, in an
event of a hospitalization, is added to the numerator of the PDC calculation. The
denominator in the calculation of PDC is capped to the number of days in the follow-up
period. For specific aims 1A, 1B, 1C, 1D and 2 the denominators in the PDC calculation
are 90 days, 180 days, 270 days, 365 days, and 365 days, respectfully. The
denominator in the calculation of PDC in the pre-index period is the total number of
days from the first fill of a maintenance medication in the pre-index period until the index
date. A patient was considered adherent if his/her PDC value is 0.8 or higher.
Operational definition of study outcome for Specific Aim 3

Specific Aim 3 examines the impact of long-term prescription opioid use (=290-day
supply in a one-year period) compared to no prescription opioid use on COPD
exacerbations among a real-world, large sample of COPD patients after adjusting for

other confounders. The outcomes measured in specific aim 3A and 3B were COPD-
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related severe exacerbations, and a sum of COPD-related moderate and severe
exacerbations, respectively.

COPD-related moderate exacerbations were defined as having an outpatient or
emergency room visit with an ICD-9CM diagnosis for COPD, followed by a prescription
claim for either a systemic corticosteroid or antibiotic within 7 days of this COPD-related
outpatient or emergency room visit'3%140, COPD-related severe exacerbations were
defined by either having an inpatient hospital stay with a primary diagnosis of COPD or
having an inpatient hospital stay with a secondary diagnosis of COPD but with the
primary diagnosis being respiratory failure (ICD-9CM codes: 518.81, 518.82, 518.84)
139,140 Furthermore, if a moderate exacerbation occurred within 10 days of a severe
exacerbation it was not categorized as a new exacerbation but was considered as a
continuation of the original severe exacerbation!*!. If the same type of exacerbation
occurred within 10 days of the original exacerbation, it was not counted as a new
exacerbation but rather continuation of the original exacerbation4?,

Operational definition of study outcome for Specific Aim 4

Specific aim 4 examines the impact of long-term prescription opioid use
compared to no prescription opioid use on total all-cause healthcare costs among a
real-world, large sample of COPD patients after adjusting for other confounders. The
outcome measured in specific aim 4 was total all-cause healthcare costs.

The total, all-cause healthcare costs included costs associated with claims for
patients’ inpatient visits, emergency room visits, outpatient visits, and all prescription

expenditures during the study period. This study was conducted from the payer’s
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perspective i.e. private insurance plans. All costs were adjusted to 2010 USD using the
Medical Care component of the Consumer Price Index (CPI).
Data Analysis

Descriptive statistics were calculated and presented for sociodemographic
characteristics, indicators of COPD severity, physician characteristics, clinical and prior-
utilization characteristics for COPD patients with and without the evidence of
prescription opioid use. Separate descriptive characteristics were calculated for each
specific aim and sub-group analysis. Frequencies and percentages were calculated for
categorical variables and mean and standard deviation were reported for continuous
variables.
Matching the exposed and the unexposed groups

A sample of prescription opioid users with COPD were matched to a sample of
COPD patients not using prescription opioids, on a 1:1 ratio. Matching was performed
on the variables listed in Table 10. An optimal matching technique, developed by
Rosenbaum 1989, was utilized for matching the exposed group (prescription opioid
users) to the control groups (non-users of prescription opioids)*42.
Statistical analyses for Specific Aim 1

Specific aim 1 examines the impact of prescription opioid use compared to no
opioid use on adherence to maintenance mediations for COPD, over four different time
periods, among a real-world, large sample of COPD patients after adjusting for other

confounders.
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Table 10. Variables for matching the exposed and unexposed groups

Variable Matching criteria
Sex Exact matching:
Male
Female
Age Matching +/- 3 years
Adherent to maintenance Exact matching:

medications in the pre-index period
Yes (PDC=80%)
No (PDC<80%)

Supplemental oxygen use in the Exact matching:
pre-index period

Yes

No
Short-acting beta agonist use in Exact matching:
the pre-index period

Yes

No

Moderate COPD exacerbations in  Exact matching:
the pre-index

IV O

1

Severe COPD exacerbations in the Exact matching:

pre-index
=1

Presence of asthma Exact matching:
Yes
No
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To describe differences between patients who are adherent and non-adherent to
COPD maintenance medications, descriptive statistics were provided for variables for
sociodemographic characteristics, indicators of COPD severity, physician
characteristics, and clinical and prior-utilization characteristics. For categorical
variables, frequencies and percentages were calculated, and for continuous variables
mean and standard deviation was reported. To describe differences in background
characteristics between adherent and non-adherent patients to COPD maintenance
medications, chi-squared test for categorical variables, t-test for continuous variables
and Mann Whitney U tests for total healthcare cost variables were conducted.

Conditional logistic regression was utilized to identify the impact of prescription
opioid use on adherence to maintenance medications for COPD (Table 11).
Independent variables found significant at alpha<0.20 in univariate regression analysis
were considered for inclusion in the multiple regression models. Multiple logistic
regression analysis was conducted using step-wise backwards elimination procedure at
alpha=0.20. Primary independent variable, for Specific Aims 1 was prescription opioid
use and was categorized as no prescription opioid use and any prescription opioid use
in the follow-up period. Primary independent variable, for Specific Aims 1 sub-group
analyses was prescription opioid use and was categorized as no prescription opioid
use, >30-day supply of prescription opioid in the follow-up, and <30-day supply of
prescription opioid in the follow-up period. Other independent variables included in the

analysis are listed in Table 7. The dependent variable was medication adherence to
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Table 11. Specific Aims and corresponding statistical tests

Objective Dependent Measurement Statistical
variable level procedure
Specific aim 1
To compare medication Medication Categorical Conditional
adherence to maintenance adherence (PDC) logistic
medications for COPD regression
between prescription opioid
users and non-users
Specific aim 2
To compare medication Medication Categorical Conditional
adherence to maintenance adherence (PDC) logistic
medications for COPD regression
between long-term
prescription opioid users
(290 days) and non-users
Specific aim 3
(Specific Aim 3A) To Number of severe Count Negative
compare the number of COPD binomial
severe COPD exacerbations exacerbations regression
between long-term
prescription opioid users
(290 days) and non-users
among COPD patients
(Specific Aim 3B) To Total number of Count Negative
compare the total number of moderate and binomial
moderate and severe COPD severe COPD regression
exacerbations between long- exacerbations
term prescription opioid
users (290 days) and non-
users among COPD patients
Specific aim 4
To compare total COPD- Total medical costs Continuous Generalized
related healthcare costs linear model
between long-term with gamma
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Objective Dependent Measurement Statistical

variable level procedure

prescription opioid users distribution

(290 days) and non-users and log-link
function

among COPD patients

*PDC, proportion of days covered
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COPD maintenance medications and was categorized as adherent if PDC = 80% and
non-adherent if PDC < 80%.
Statistical analyses for Specific Aim 2

Specific Aim 2 examines the impact of long-term prescription opioid use (>90-day
supply of prescription opioids in a one-year period) compared to no prescription opioid
use on adherence to maintenance mediations for COPD, among a real-world, large
sample of COPD patients after adjusting for other confounders.

Similar statistical analysis for Specific Aim 1 was conducted for Specific Aim 2.
Conditional logistic regression was used to identify the impact of long-term (>90-day
supply of prescription opioids in a one-year period) compared to no prescription opioid
use on adherence to COPD-related maintenance medications (Table 11). Independent
variables found significant at alpha=0.20 in univariate regression analysis were
considered for inclusion in the multiple regression models. Multiple logistic regression
analysis was conducted using step-wise backwards elimination procedure at
alpha=0.20. The dependent variable, medication adherence to COPD-related
maintenance medications, was categorized as adherent if PDC = 80% and non-
adherent if PDC < 80%. Primary independent variable was dichotomized as long-term
(=90-day supply of prescription opioids in a one-year period) no use of prescription
opioids. Other independent variables included in the analysis are listed in Table 7.
Statistical analyses for specific aim 3

Specific aim 3 examines the impact of long-term prescription opioid use (>90-day
supply of prescription opioids in a one-year period) compared to no prescription opioid

use on COPD exacerbations among a real-world, large sample of COPD patients after
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adjusting for other confounders. The dependent variables measured in Specific Aim 3A
and 3B were the number of COPD severe and sum of severe and moderate
exacerbations, respectively.

Multivariable analysis was performed to examine the impact of long-term
prescription opioid use (>90-day supply of prescription opioids in a one-year period)
versus no prescription opioid use on COPD exacerbations. The independent variables
included in the analysis are listed in Table 7.

Incidence rate ratio were calculated using negative binomial regression analyses
adjusting for independent variables. Independent variables found significant at
alpha=0.20 in univariate regression analysis were considered for inclusion in the
multiple regression models.

Statistical analyses for specific aim 4

Specific aim 4 examines the impact of long-term prescription opioid use (>90-day
supply of prescription opioids in a one-year period) compared to no prescription opioid
use on total, all-cause healthcare costs among a real-world, large sample of COPD
patients after adjusting for other confounders. The total, all-cause healthcare costs
included all costs associated with claims for patients’ inpatient visits, ER visits,
outpatient visits, and prescription fills, during the follow-up period.

The unadjusted mean costs for prescription opioid users and non-users with
COPD were reported. Independent variables found significant at alpha=0.20 in
univariate regression analysis were considered for inclusion in the multiple regression
models. Generalized linear regression model with a gamma distribution and log link

function was utilized to compare to the adjusted healthcare costs between long-term
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prescription opioid users (>90-day supply of prescription opioids in a one-year period)
and non-users with COPD (Table 11).

All statistical analysis and data management were conducted using SAS 9.4
(SAS Institute, Cary, NC). An a priori significance level of alpha = 0.05 was used for all
statistical procedures.

Sample size estimation

For calculation of the required sample size we used Specific Aim 2, to examine
the impact of long-term prescription opioid use (>90-day supply of prescription opioids in
a one-year period) compared to no prescription opioid use on adherence to
maintenance mediations for COPD among a real-world, large sample of COPD patients
after adjusting for other confounders as a reference. The independent variable
considered for the analysis was long-term use of prescription opioids and the dependent
variable was adherence to COPD maintenance medications. The sample size
calculations were performed using G*Power 3.1.9.2.

For estimating the required sample size, the two-tailed alpha value (the
probability of rejecting the null hypothesis) was set as 0.05 and the required power was
set to 0.80. As this is the first study to assess the impact of prescription opioid use on
adherence to COPD maintenance medication, estimates of the required total sample
size were adopted from a previous study among type 2 diabetes patients which reported
rates of adherence to oral antihyperglycemic agents among type 2 diabetes patients
with and without evidence of long-term prescription opioid use®®. As the previous study
was not conducted among COPD patients, the odds ratios were varied over a wide

range of values to calculate the required sample size. Medication adherence rates
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among COPD patients is reported to be around 40%46-8, Sample sizes were calculated
assuming medication adherence rates of 40% and a worst-case scenario of 20%. The
calculated sample sizes are reported in Table 12.

Based on the estimates obtained from the sample size calculation, a minimum
sample size of 308 to a maximum of 4,683 was required to achieve a power of 80%.
IRB approval

Approval from the Institutional Review Board (IRB) at the University of New
Mexico was sought prior to the analyses of the study objectives. The final approval letter

from the Human Research Review Committee in presented in Appendix A.
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Table 12. Sample size calculation for logistic regression

COPD Percentage of Two- Required
Odds | maintenance COPD patients . 9
: Y : L tailed | Power | sample
Ratio medication using prescription .
s alpha size
adherence rate opioids
0.50 40% 25% 0.05 0.8 424
0.60 40% 25% 0.05 0.8 739
0.70 40% 25% 0.05 0.8 1,459
0.782 40% 25% 0.05 0.8 2,940
0.50 40% 33% 0.05 0.8 355
0.60 40% 33% 0.05 0.8 623
0.70 40% 33% 0.05 0.8 1,233
0.782 40% 33% 0.05 0.8 2,487
0.50 40% 50% 0.05 0.8 308
0.60 40% 50% 0.05 0.8 543
0.70 40% 50% 0.05 0.8 1,081
0.782 40% 50% 0.05 0.8 2,187
0.50 20% 25% 0.05 0.8 745
0.60 20% 25% 0.05 0.8 1,250
0.70 20% 25% 0.05 0.8 2,384
0.782 20% 25% 0.05 0.8 4,683
0.50 20% 33% 0.05 0.8 619
0.60 20% 33% 0.05 0.8 1,045
0.70 20% 33% 0.05 0.8 2,003
0.782 20% 33% 0.05 0.8 3,947
0.50 20% 50% 0.05 0.8 526
0.60 20% 50% 0.05 0.8 898
0.70 20% 50% 0.05 0.8 1,737
0.782 20% 50% 0.05 0.8 3,444

2 Effect size obtained from Atreja N, 2016%°
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CHAPTER 4 RESULTS

This chapter provides the results of the study. The chapter begins with the
description of the study sample including the baseline characteristics of the unmatched
and matched sample of exposed (prescription opioid users) and unexposed (non-opioid
users) groups of COPD patients. This is followed by a detailed description of the
baseline characteristics of the unexposed and exposed groups corresponding to each
specific aim of the study. Results of univariate analysis are presented according to each
specific aim, followed by the results of the adjusted multiple regression analysis by
specific aim.

Sample Selection

A total of 22,346,218 unique patients were identified from the Truven Health
MarketScan Commercial Claims and Encounters Database from 2008 to 2010. After
excluding patients without COPD diagnosis and patients with a diagnosis of selected
conditions referred in Table 6, a total of 77,769 patients were left with a diagnosis of
COPD and having at least 1 claim for a long-acting COPD maintenance medication. Of
these patients 48,228 patients had a claim for a prescription opioid and the remaining
29,541 patients did not have a claim for a prescription opioid. Further applying the study
inclusion and exclusion criteria, 5,935 (39.1%) COPD patients were classified as
prescription opioid users and 9,242 (60.9%) COPD patients were classified as non-
opioid users. A total of 5,541 exact matches of non-opioid users were identified for the
prescription opioid group.

Figure 7: Study sample selection flowchart provides a flowchart of the final study

sample after applying the study inclusion and exclusion criteria.
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Figure 7: Study sample selection flowchart

MarketScan CCAE Database from
January 1 2008 to December 31
2010 (N=22,346,218)

Exclude patients without COPD diagnoses (n=22,077,512).
Exclude COPD patients with the following diagnoses: Cancer,
HIV, AIDS, asbestosis, sarcoidosis, pulmonary tuberculosis,
fibrosis due to tuberculosis, cystic fibrosis, pumonary fibrosis,
pneumoconiosis, bronchiectasis, and alpha-1 antitrypsin
(N=190,937)

Y

Patients with COPD diagnoses and
at least 1 claim of maintenance
medications (N=77,769)

A\ 4 A 4

Patients without a prescription

Patients with prescription opioid opioid claims (N=29,541)

claims (N=48,228)

/Excluded: 1. Noclaim for\

prescription opioids during
index period (n=13,405), 2.
Patients with claims for
methadone or
buprenorphine (n=1,220),
3. Non-opioid naive
patients (n=11,322), 4. No
MM on-hand on index date

\ (n=13,243). /

A

Excluded: Patients without at Excluded: Patients without at
least 2 claims of MM, patients least 2 claims of MM, patients
not making the 30 months not making the 30 months
continuous eligibility criteria and continuous eligibility criteria and
not 40 to 64 years on the index not 40 to 64 years old on the
date (n=3,103) index date (n=20,299)

\ 4 A\ 4

Prescription opioid users (N=5,935) Non-users of prescription opioids

(N=9,242)
A 4 A 4
Matched prescription opioid users Matched non-users of prescription
(N=5,541) opioids (N=5,541)
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Baseline characteristics of prescription opioid users and non-users pre-
matching:

Table 13 presents baseline characteristics of COPD patients with and without
prescription opioid use. The mean age of prescription opioid users was significantly
lower than non-opioid users [57.0 £ 5.5 years (users) vs 57.4 £ 5.4 years (non-users),
p<0.0001], and a greater percentage of prescription opioid users were females (56.1%).
Overall, prescription opioid users had higher number of comorbid conditions than non-
opioid users. The mean Deyo-Charlson Comorbidity Index (D-CCI) score among
prescription opioid users was significantly higher compared to non-opioid users (2.0
+1.5vs 1.7 £ 1.1). Similarly, a higher percentage of prescription opioid users had more
than 1 comorbid chronic condition (49.9% vs 33.6%) and comorbid pain conditions
(52.5% vs 24.6%) compared to non-opioid users.

Baseline characteristics of prescription opioid user and non-users post
matching:

Prescription opioid users were matched to non-opioid users on sex, age (3
years), adherence to COPD maintenance medication in the pre-index period,
supplemental oxygen use, SABA use, COPD-related severe and moderate
exacerbations, and comorbid asthma. A total of 5,541 pairs of prescription opioid users
and non-users were included after matching on the chosen variables and presented in
Table 14. No significant differences were found between prescription opioid users and
non-opioid users on the matching variables. MSA and mail-order index medication
variables found significantly different before matching were not significant post-

matching. However, the significant difference between prescription opioid users and
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Table 13: Baseline characteristics of the unmatched study sample

Prescription Opioid

Prescription Opioid

Variable Non-Users (n=9,242) Users (n=5,935) P value
N Col % N Col %
Row % Row %
Sociodemographic
characteristics
Sex Male 4,496 48.6 2,606 43.9 <0.0001
63.3 36.7
Female 4,746 51.4 3,329 56.1
58.8 41.2
Age mean (#sd) 57.4 years (15.4) 57.0 years (£5.5) <0.0001
40 — 49 years 962 104 678 114 0.0002
58.7 41.3
50 — 59 years 4,068 44.0 2,753 46.4
59.6 40.4
260 years 4,212 45.6 2,504 42.2
62.7 37.3
Metropolitan
Statistical Urban 7,465 80.8 4,714 79.4 0.03
Area
61.3 38.7
Rural 1,732 18.7 1,201 20.2
59.1 40.9
Region Northeast 1591 17.2 681 11.5 0.0001
70.0 30.0
North Central 3,279 35.5 2,079 35.0
61.2 38.8
South 3,120 33.8 2,356 39.7
57.0 43.0
West 1,201 13.0 799 135
60.1 40.0
Insurance HMO 1,535 16.6 997 16.8 0.9243
Plan Type
60.6 39.4
PPO 2,451 26.5 1,586 26.7
60.7 39.3
Other 5,191 56.2 3,320 55.9
61.0 39.0
Clinical characteristics
Deyo-
gg;;:gsr%? diry | mean (sd) 1.7 (+1.1) 2.0 (+1.5) <0.0001
Index
Number of
pain 0 2,756 29.8 809 13.6 <0.0001
conditions
77.3 22.7
1 4,214 45.6 2,009 33.9
67.7 32.3
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Prescription Opioid

Prescription Opioid

Variable Non-Users (n=9,242) Users (n=5,935) P value
N Col % N Col %
Row % Row %
>2 2,272 24.6 3,117 52.5
42.2 57.8
Number of
comorbid 0 2,531 27.4 1,003 16.9 <0.0001
conditions
71.6 28.4
1 3,603 39.0 1,973 33.2
64.6 35.4
>2 3,108 33.6 2,959 49.9
51.2 48.8
Type of index
maintenance | ICS+LABA 4,908 53.1 3,225 54.3 0.152
medication
60.3 39.7
LAMA+LABA or
LAMA4ICS 85 0.9 63 1.1
57.4 42.6
ICS+LABA+LAMA 845 9.1 564 9.5
60.0 40.0
ICS or LABA or
LAMA 3,404 36.8 2,083 35.1
62.0 38.0
Mail-order
index
maintenance Yes 3,391 36.7 2,448 41.2 <0.0001
medication
prescription
58.1 41.9
No 5,851 63.3 3,487 58.8
62.7 37.3
Adherence to
COPD-
maintenance | Non-adherent if
medications PDC < 80% 4,377 47.4 1,761 29.7 <0.0001
in the pre-
index period
71.3 28.7
Adherent if PDC =
80% 4,865 52.6 4,174 70.3
53.8 46.2
COPD severity indicators
Supplemental
oxygen use in v, 7,483 81.0 4,675 78.8 0.0009
the pre-index
period
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Prescription Opioid

Prescription Opioid

Variable Non-Users (n=9,242) Users (n=5,935) P value
N Col % N Col %
Row % Row %
61.5 38.5
Yes 1,759 19.0 1,260 21.2
58.3 41.7
SABA use in
the pre-index | No 4,460 48.3 2,773 46.7 0.06
period
61.7 38.3
Yes 4,782 51.7 3,162 53.3
60.2 39.8
COPD-related
severe
exacerbations | 0 8,896 96.3 5,715 96.3 0.91
in the pre-
index period
60.9 39.1
21 346 3.7 220 3.7
61.1 38.9
COPD-related
moderate
exacerbations | 0 8,050 87.1 5,051 85.1 0.0005
in the pre-
index period
61.4 38.6
21 1,192 12.9 884 14.9
57.4 42.6
Physician characteristics
Pulmonologist
visit in the No 6,845 74.1 4,234 71.3 0.0002
pre-index
period
61.8 38.2
Yes 2,397 25.9 1,701 28.7
58.5 41.5
Prior utilization characteristics
Total all-
cause
healthcare 7,896.1 15,684.25
expenditures | Mean (#sd) (+95,445 5) (+122,558.1) <0.0001
in the pre-
index period?
<$2,844 3472 37.6 940 15.8 <0.0001
78.7 21.3
$2,844 - $9,838 4286 46.4 2956 49.8
59.2 40.8
>$9,838 1484 16.1 2039 34.4
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Prescription Opioid

. Prescription Opioid
Variable Non-Users (n=9,242) Usersp(n:5,925) P value
N Col % N Col %
Row % Row %
| 42.1 57.9

*sd denotes standard deviation; Col, column; HMO, health maintenance
organization; PPO, preferred provider organization; ICS, inhaled corticosteroid;

LABA, long-acting beta agonist; LAMA, long-acting muscarinic agent; SABA, short-
acting beta agonist; and PDC, proportion of days covered.

2 adjusted to 2010 US $
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Table 14: Baseline characteristics of the matched study sample

Prescription Opioid

Prescription Opioid

Variable Non-Users (n=5,541) Users (n=5,541) P value
N Col % N Col %
Row % Row %
Sociodemographic
characteristics
Sex Male 2,537 45.8 2,537 45.8 1
50.0 50.0
Female 3,004 54.2 3,004 54.2
50.0 50.0
Age mean (xsd) 57.2 years (£5.4) 57.2 years (£5.4) 0.83
40 — 49 years 604 10.9 609 11.0 0.974
49.8 50.2
50 — 59 years 2,555 46.1 2,544 45.9
50.1 49.9
260 years 2,382 43.0 2,388 43.1
49.9 50.1
Metropolitan
Statistical Urban 4,408 79.6 4,405 79.5 0.84
Area
50.0 50.0
Rural 1,106 20.0 1,116 20.1
49.8 50.2
Region Northeast 910 16.4 614 11.1 <0.0001
59.7 40.3
North Central 2,084 37.6 1,966 35.5
51.5 48.5
South 1,808 32.6 2,202 39.7
45.1 54.9
West 708 12.8 739 13.3
48.9 51.1
Insurance HMO 879 15.9 018 16.6 0.495
Plan Type
48.9 51.1
PPO 3,118 56.3 3,115 56.2
50.0 50.0
Other 1,518 27.4 1,477 26.7
50.7 49.3
Clinical characteristics
Deyo-
Charison Lty | mean (2sd) 1.7 (+1.2) 2.0 (+1.5) <0.0001
Index
Number of
pain 0 1,624 29.3 776 14.0 <0.0001
conditions
67.7 32.3
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Prescription Opioid

Prescription Opioid

Variable Non-Users (n=5,541) Users (n=5,541) P value
N Col % N Col %
Row % Row %
1 2,515 454 1,879 33.9
57.2 42.8
2 1,402 25.3 2,886 52.1
32.7 67.3
Number of
comorbid 0 1,312 23.7 996 18.0 <0.0001
conditions
56.8 43.2
1 2,168 39.1 1,862 33.6
53.8 46.2
2 2,061 37.2 2,683 48.4
43.4 56.6
Type of index
maintenance ICS+LABA 2,904 524 2,999 54.1 0.3034
medication
49.2 50.8
LAMA+LABA or
LAMA+ICS 56 1.0 58 1.0
49.1 50.9
ICS+LABA+LAMA 538 9.7 531 9.6
50.3 49.7
ICS or LABA or
LAMA 2,043 36.9 1,953 35.2
51.1 48.9
Mail-order
index
maintenance Yes 3,353 60.5 3,261 58.9 0.075
medication
prescription
50.7 49.3
No 2,188 39.5 2,280 41.1
49.0 51.0
Adherence to
COPD-
maintenance Non-adherent if
medications in | PDC < 80% 1,734 313 1,734 313 1
the pre-index
period
50.0 50.0
Adherent if PDC =
80% 3,807 68.7 3,807 68.7
50.0 50.0
COPD severity indicators
Supplemental | 4,425 79.9 4,425 79.9 1
0xygen use in
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Prescription Opioid

Prescription Opioid

Variable Non-Users (n=5,541) Users (n=5,541) P value
N Col % N Col %
Row % Row %
the pre-index
period
50.0 50.0
Yes 1,116 20.1 1,116 20.1
50.0 50.0
SABA use in
the pre-index | No 2,590 46.7 2,590 46.7 1
period
50.0 50.0
Yes 2,951 53.3 2,951 53.3
50.0 50.0
COPD-related
severe
exacerbations | 0 5,380 97.1 5,380 97.1 1
in the pre-
index period
50.0 50.0
21 161 2.9 161 2.9
50.0 50.0
COPD-related
moderate
exacerbations | 0 4,777 86.2 4,777 86.2 1
in the pre-
index period
50.0 50.0
21 764 13.8 764 13.8
50.0 50.0
Physician characteristics
Pulmonologist
visit in the No 4,072 735 3,967 71.6 0.03
pre-index
period
50.7 49.3
Yes 1,469 26.5 1,574 28.4
48.3 51.7
Prior utilization characteristics
Total all-
cause
healthcare 6,988.4 12,498.8
expenditures | MeaN (+sd) (+11,358.8) (+19,856) <0.0001
in the pre-
index period®
<$2,844 1874 33.8 895 16.2 <0.0001
67.7 32.3
$2,844 - $9,838 2752 49.7 2790 50.4
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. Prescription Opioid Prescription Opioid
Variable Non—Usgrs (n:5p,541) Usersp(n:5,521) P value
N Col % N Col %
Row % Row %
49.7 50.3
>$9,838 915 16.5 1856 33.5
33.0 67.0

*sd denotes standard deviation; Col, column; HMO, health maintenance
organization; PPO, preferred provider organization; ICS, inhaled corticosteroid;
LABA, long-acting beta agonist; LAMA, long-acting muscarinic agent; SABA, short-
acting beta agonist; and PDC, proportion of days covered.

2 adjusted to 2010 US $
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non-users in terms of the number of comorbid conditions persisted after matching. The
mean D-CCI score among prescription opioid users was significantly higher compared
to non-opioid users (2.0 + 1.5 vs 1.7 + 1.2, p<0.0001) after matching. Similarly, a
significantly higher percentage of prescription opioid users had =1 comorbid chronic
condition (82% vs 76.3%, p<0.0001) and =21 comorbid pain conditions (86% vs 70.7%,
p<0.0001) compared to non-opioid users.

Results for Specific Aim 1

Specific Aim 1 was to examine the impact of prescription opioid use compared to
no prescription opioid use on adherence to COPD maintenance medications, over four
different time periods, among a real-world, large sample of COPD patients after
adjusting for other confounders.

Results for Specific Aim 1A
Baseline characteristics as per specific aim 1A:

Specific aim 1A was to examine the impact of prescription opioid use compared
to no prescription opioid use on adherence to COPD maintenance medications, within
the first 90 days of initiating a prescription opioid, among a real-world, large sample of
COPD patients after adjusting for other confounders. Table 15 provides baseline
characteristics of the included sample of COPD patients and adherence to COPD
maintenance medications in the 90-day follow-up period. Overall, 59.4% of the included
matched sample of COPD patients were adherent (defined as PDC =0.8) to their COPD
maintenance medications in the 90-day follow-up period after the index date. A smaller
percentage of prescription opioid users were adherent to their COPD maintenance

medications in the 90-day follow-up period compared to non-opioid users (49.2% vs
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Table 15: Baseline characteristics for Specific Aim 1A

Variable Non-Adherent in 90 Adherent in 90 days P value
days (n=4,502) (n=6,580)
N Col % N Col %
Row % Row %
Sociodemographic
characteristics
Sex Male 1,977 43.9 3,097 47.1 0.001
39.0 61.0
Female 2,525 56.1 3,483 52.9
42.0 58.0
Age mean (xsd) 56.1 years (£5.8) 57.9 years (¥4.9) <0.0001
40 — 49 years 699 15.5 514 7.8 <0.0001
57.6 42.4
50 — 59 years 2,157 47.9 2,942 44.7
42.3 57.7
=60 years 1,646 36.6 3,124 47.5
34.5 65.5
Metropolitan
Statistical Urban 3,566 79.2 5,247 79.7 0.34
Area
40.5 59.5
Rural 924 20.5 1,298 19.7
41.6 58.4
Region Northeast 568 12.6 956 145 <0.0001
37.3 62.7
North Central 1,466 32.6 2,584 39.3
36.2 63.8
South 1,835 40.8 2,175 33.1
45.8 54.2
West 617 13.7 830 12.6
42.6 574
Insurance HMO 874 19.4 923 14.0 <0.0001
Plan Type
48.6 514
PPO 2,444 54.3 3,789 57.6
39.2 60.8
Other 1,164 25.9 1,831 27.8
38.9 61.1
Clinical characteristics
Prescription |\, yse 1,688 37.5 3,853 58.6 <0.0001
opioid use
30.5 69.5
Use 2,814 62.5 2,727 41.4
50.8 49.2
Prescription |\, yse 1,688 37.5 3,853 58.6 <0.0001
opioid use
30.5 69.5
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Non-Adherent in 90

Adherent in 90 days

Variable days (n=4,502) (n=6,580) P value
N Col % N Col %
Row % Row %
<30 days supply of
prescription 2,492 55.4 2,402 36.5
opioids
50.9 49.1
>30 days supply of
prescription 322 7.2 325 4.9
opioids
49.8 50.2
Deyo-
Charlson bty | mean (s 1.9 (+1.4) 1.8 (+1.3) 0.006
Index
Number of
pain 0 851 18.9 1,549 23.5 <0.0001
conditions
35.5 64.5
1 1696 37.7 2,698 41.0
38.6 61.4
2 1955 43.4 2,333 35.5
45.6 54.4
Number of
comorbid 0 878 19.5 1,430 21.7 0.0008
conditions
38.0 62.0
1 1608 35.7 2,422 36.8
39.9 60.1
2 2016 44.8 2,728 41.5
42.5 57.5
Type of index
maintenance ICS+LABA 2806 62.3 3,097 47.1 <0.0001
medication
47.5 52.5
LAMA+LABA or
LAMA+ICS 31 0.7 83 1.3
27.2 72.8
ICS+LABA+LAMA 295 6.6 774 11.8
27.6 72.4
ICS or LABA or
LAMA 1370 30.4 2,626 39.9
34.3 65.7
Mail-order
index
maintenance No 3599 79.9 3,015 45.8 <0.0001
medication
prescription
54.4 45.6
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Non-Adherent in 90

Adherent in 90 days

Variable days (n=4,502) (n=6,580) P value
N Col % N Col %
Row % Row %
Yes 903 20.1 3,565 54.2
20.2 79.8
Adherence to
COPD-
maintenance Non-adherent if
medications in | PDC < 80% 2344 52.1 1,124 171 <0.0001
the pre-index
period
67.6 32.4
Adherent if PDC 2
80% 2158 47.9 5,456 82.9
28.3 71.7
COPD severity indicators
Supplemental
OXygen use i\, 3744 83.2 5,106 77.6 <0.0001
the pre-index
period
42.3 57.7
Yes 758 16.8 1,474 22.4
34.0 66.0
SABA use in
the pre-index | No 2088 46.4 3,092 47.0 0.53
period
40.3 59.7
Yes 2414 53.6 3,488 53.0
40.9 59.1
COPD-related
severe
exacerbations | 0 4382 97.3 6,378 96.9 0.213
in the pre-
index period
40.7 59.3
21 120 2.7 202 3.1
37.3 62.7
COPD-related
moderate
exacerbations | 0 3894 86.5 5,660 86.0 0.475
in the pre-
index period
40.8 59.2
21 608 13.5 920 14.0
39.8 60.2
Physician characteristics
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Non-Adherent in 90

Adherent in 90 days

Variable days (n=4,502) (n=6,580) P value
N Col % N Col %
Row % Row %
Pulmonologist
‘F’)ztﬁ? dg‘xthe No 3370 74.9 4,669 71.0 <0.0001
period
41.9 58.1
Yes 1132 25.1 1,911 29.0
37.2 62.8
Prior utilization characteristics
Total all-cause
healthcare
%xi:)heeng irt:_res mean (+sd) ( 111% 25471314) (31103522) <0.0001
index period?®
<$2,844 1355 30.1 1414 21.5 <0.0001
48.9 51.1
$2,844 - $9,838 1976 43.9 3566 54.2
35.7 64.3
>$9,838 1171 26.0 1600 24.3
42.3 57.7

*sd denotes standard deviation; Col, column; HMO, health maintenance
organization; PPO, preferred provider organization; ICS, inhaled corticosteroid;

LABA, long-acting beta agonist; LAMA, long-acting muscarinic agent; SABA, short-
acting beta agonist; and PDC, proportion of days covered.

2 adjusted to 2010 US $
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69.5%, p<0.0001). Patients who were non-adherent to their COPD maintenance
medications in the 90-day follow-up period were more likely to be prescription opioid
users than non-opioid users (62.5% vs 37.5%, p<0.0001). A greater percentage of
patients non-adherent to their COPD maintenance medications in the 90-day follow-up
period had comorbid conditions than patients adherent to their COPD maintenance
medications. Non-adherent patients had a significantly higher mean D-CCI score (1.9 £
1.4 vs 1.8 £ 1.3, p=0.006). Non-adherent patients also had a higher percentage of
patients with 21 comorbid chronic conditions (80.5% vs 78.3%, p<0.001) and =1
comorbid pain conditions (81.1% vs 76.5%, p<0.0001).

Specific Aim 1A sub-analysis was to examine the impact of prescription opioid
use (classified as having > 30-day supply of prescription opioids and < 30-day supply of
prescription opioids) compared to no prescription opioid use, within the first 90 days of
initiating a prescription opioid, among a real-world, large sample of COPD patients after
adjusting for other confounders. A significantly lower percentage of prescription opioid
users, either <30-day supply of prescription (49.1% vs 69.5%, p<0.0001) or >30-day
supply of prescription opioids (50.2% vs 69.5%, p<0.0001), were adherent to their
COPD maintenance medications in the 90-day follow-up period compared to non-opioid
users (69.5%) (Table 15).

Unadjusted logistic regression analyses:

Table 16 provides the results of the unadjusted logistic regression analysis of the
odds of being adherent to COPD maintenance medications in the 90-day follow-up
period for Specific Aim 1A. Prescription opioid users were found to have 0.36 times

(95% CI1 0.33-0.40, p<0.0001) significantly lower odds of being adherent to their COPD
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Table 16: Unadjusted logistic regression predicting the odds of being adherent to
COPD maintenance medications in 90 days follow-up

Variable Point Estimate 95% Confidence Interval P-Value

Sociodemographic
characteristics

Metropolitan

Statistical Rural
Area Reference
Urban 1.15 0.99 1.32 0.06
Region Northeast Reference
North Central 0.86 0.73 1.05 0.15
South 0.64 0.53 0.77 <0.0001
West 0.74 0.60 0.93 0.008
Health
Insurance -
Plan Type maintenance
organization Reference
Preferred provider
organization 1.28 1.09 1.71 0.003
Other 1.42 1.18 1.71 <0.001

Clinical characteristics

Prescription

> No use
opioid use Reference
Use 0.36 0.33 0.40 <0.0001
Prescription
> No use
opioid use Reference
<30-day supply of
prescription
opioids 0.37 0.33 0.40 <0.0001
>30-day supply of
prescription
opioids 0.33 0.25 0.44 <0.0001
Deyo-
Charlson
Comorbidity
Index 0.85 0.82 0.89 <0.0001
Number of
pain 0
conditions Reference
1 0.79 0.68 0.93 0.003
2 0.48 0.42 0.57 <0.0001
Number of
comorbid 0
conditions Reference
1 0.93 0.78 1.12 0.46
2 0.68 0.56 0.56 <0.0001
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Variable Point Estimate 95% Confidence Interval P-Value
Type of index
maintenance ICS+LABA
medication Reference
LAMA+LABA or
LAMA+ICS 1.70 0.99 2.94 0.05
ICS+LABA+LAMA 1.78 1.45 2.19 <0.0001
ICS or LABA or
LAMA 1.51 1.33 1.72 <0.0001
Mail-order
index
maintenance | No
medication
prescription Reference
Yes 3.28 2.87 3.75 <0.0001
Physician characteristics
Pulmonologist
visit in the
. No
pre-index
period Reference
Yes 1.05 0.92 1.20 0.48
Prior utilization characteristics
Total all-
cause
healthcare
expenditures
in the pre-
index period? | <$2,844 Reference
$2,844 - $9,838 1.27 1.10 1.46 0.0009
>$9,838 0.73 0.62 0.86 0.0002

* |CS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of
days covered.

@ adjusted to 2010 US $
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maintenance medications in the 90-day follow-up period compared to non-opioid users.
In the sub-group analysis patients with <30-day supply of prescription opioids had 0.37
times (95% CI 0.33-0.40, p<0.0001) significantly lower odds of being adherent to their
COPD maintenance medications in the 90-day follow-up period as compared to non-
opioid users. Similarly, patients with >30-day supply of prescription opioids had 0.33
times (95% CI 0.25-0.44, p<0.0001) significantly lower odds of being adherent to their
COPD maintenance medications in the 90-day follow-up period as compared to non-
opioid users. MSA, region, insurance plan type, D-CCI, number of comorbid pain
conditions, number of comorbid chronic conditions, type of index maintenance
medication, mail-order index maintenance medication, and total all-cause healthcare
expenditures were found significant at p<0.2 and were considered in the adjusted
logistic regression analysis.

Multiple logistic regression analyses:

Table 17 provides the results of the adjusted multiple logistic regression analysis
of the odds of being adherent to COPD maintenance medications in the 90-day follow-
up period, for Specific Aim 1A. The overall model was statistically significant (Wald’s
x?=593.75, df=13, p<0.0001). The significant impact of prescription opioid use in the
unadjusted logistic regression analysis persisted in the multiple logistic regression
analysis, after adjusting for other factors. Prescription opioid users were found to have
0.29 times (95% CI 0.26-0.37, p<0.0001) significantly lower odds of being adherent to
their COPD maintenance medications in the 90-day follow-up period compared to non-
opioid users, independent of other factors. Region, D-CCI, number of pain conditions,

type of index maintenance medication, mail-order index maintenance medication and
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Table 17: Multiple logistic regression predicting the odds of being adherent to
COPD maintenance medications in 90 days follow-up

Variable Point Estimate 95% Confidence Interval P-Value
Sociodemographic
characteristics
Region Northeast Reference
North Central 1.03 0.82 1.29 0.82
South 0.94 0.75 1.19 0.61
West 1.31 0.98 1.73 0.06
Clinical characteristics
Prescription
> No use
opioid use Reference
Use 0.29 0.26 0.37 <0.0001
Deyo-
Charlson
Comorbidity
Index 0.91 0.85 0.96 0.001
Number of
pain 0
conditions Reference
1 0.90 0.74 1.09 0.26
2 0.82 0.67 1.01 0.06
Type of
index ICS+LABA
maintenance
medication Reference
LAMA+LABA or
LAMA+ICS 1.87 0.93 3.73 0.07
ICS+LABA+LAMA 1.76 1.35 2.30 <0.0001
ICS or LABA or
LAMA 1.60 1.36 1.88 <0.0001
Mail-order Reference
index
maintenance | No
medication
prescription
Yes 456 3.84 5.42 <0.0001
Prior utilization characteristics
Total all- Reference
cause
healthcare
expenditures | <$2,844
in the pre-
index
period?
$2,844 - $9,838 1.81 1.5 2.18 <0.0001
>$9,838 1.53 1.21 1.92 0.0003
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* ICS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-acting
muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of days
covered.

2 adjusted to 2010 US $
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total all-cause healthcare expenditures were retained in the backwards elimination
model at p<0.20.
Multiple logistic regression analyses, sub-group analysis:

Table 18 provides the results of the adjusted multiple logistic regression analysis
of the odds of being adherent to COPD maintenance medications in the 90-day follow-
up period, for Specific Aim 1A sub-group analysis. The overall model was statistically
significant (Wald’s x?=593.56, df=14, p<0.0001). The significant impact of prescription
opioid use (<30-day and >30-day supply of prescription opioids) in the unadjusted
logistic regression analysis persisted in the multiple logistic regression analysis after
adjusting for other factors. In the sub-group analysis patients with <30-day supply of
prescription opioids had 0.30 times (95% CI 0.26-0.34, p<0.0001) significantly lower
odds of being adherent to their COPD maintenance medications in the 90-day follow-up
period as compared to non-opioid users independent of other factors. Similarly, patients
with >30-day supply of prescription opioids had 0.32 times (95% CI 0.23-0.44,
p<0.0001) significantly lower odds of being adherent to their COPD maintenance
medications in the 90-day follow-up period as compared to non-opioid users
independent of other factors. Region, D-CCI, number of pain conditions, type of index
maintenance medication, mail-order index maintenance medication and total all-cause

healthcare expenditures were retained in the backwards elimination model at p<0.20.
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Table 18: Multiple logistic regression predicting the odds of being adherent to
COPD maintenance medications in 90 days follow-up (sub-group analysis)

Variable Point Estimate 95% Confidence Interval P-Value
Sociodemographic
characteristics
Region Northeast Reference
North Central 1.03 0.82 1.29 0.83
South 0.94 0.75 1.19 0.61
West 1.30 0.98 1.73 0.07
Clinical characteristics
Prescription | No use Reference
opioid use
<30-day supply of 0.30 0.26 0.34 <0.0001
prescription
opioids
>30-day supply of 0.32 0.23 0.44 <0.0001
prescription
opioids
Deyo- 0.90 0.85 0.96 0.001
Charlson
Comorbidity
Index
Number of 0 Reference
pain
conditions
1 0.90 0.74 1.09 0.27
2 0.82 0.67 1.01 0.06
Type of ICS+LABA Reference
index
maintenance
medication
LAMA+LABA or 1.87 0.93 3.74 0.08
LAMA+ICS
ICS+LABA+LAMA 1.76 1.35 2.30 <0.0001
ICS or LABA or 1.60 1.36 1.89 <0.0001
LAMA
Mail-order No Reference
index
maintenance
medication
prescription
Yes 4.57 3.85 5.42 <0.0001
Prior utilization characteristics
Total all- Reference
cause <$2,844
healthcare
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Variable Point Estimate 95% Confidence Interval P-Value
expenditures
in the pre-
index period?
$2,844 - $9,838 1.81 1.5 2.18 <0.0001
>%$9,838 1.52 1.21 1.92 0.0004

* |CS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of

days covered.
2 adjusted to 2010 US $
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Results for Specific Aim 1B
Baseline characteristics as per specific aim 1B:

Specific Aim 1B was to examine the impact of prescription opioid use compared
to no prescription opioid use on adherence to COPD maintenance medications, within
the first 180 days of initiating a prescription opioid, among a real-world, large sample of
COPD patients after adjusting for other confounders. Table 19 provides baseline
characteristics of the included sample of COPD patients and adherence to COPD
maintenance medications in the 180-day follow-up period. Nearly half (50.9%) of the
included matched sample of COPD patients were adherent (defined as PDC =0.8 PDC)
to their COPD maintenance medications in the 180-day follow-up period after the index
date. A smaller percentage of prescription opioid users were adherent to their COPD
maintenance medications in the 180-day follow-up period as compared to non-opioid
users (45.3% vs 56.6%, p<0.0001). Patients who were non-adherent to their COPD
maintenance medications in the 180-day follow-up period were more likely to be
prescription opioid users than non-opioid users (55.8% vs 44.2%, p<0.0001). A greater
percentage of patients non-adherent to their COPD maintenance medications in the
180-day follow-up period had comorbid conditions than patients adherent to their COPD
maintenance medications. Non-adherent patients had a significantly higher mean D-CCI
score (1.9 +1.4vs 1.8 £ 1.3, p=0.0018). Non-adherent patients also had a higher
percentage of patients with 21 comorbid chronic conditions (80.5% vs 77.9%, p=0.0004)

and =1 comorbid pain conditions (79.6% vs 77.1%, p<0.0001).
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Table 19: Baseline characteristics for Specific Aim 1B

Non-Adherent in 180

Adherent in 180 days

Variable days (n=5,436) (n=5,646) P value
N Col % N Col %
Row % Row %
Sociodemographic
characteristics
Sex Male 2,395 44.1 2,679 47.4 0.0003
47.2 52.8
Female 3,041 55.9 2,967 52.6
50.6 49.4
Age mean (xsd) 56.3 years (£5.8) 58 years (#4.9) <0.0001
40 — 49 years 797 14.7 416 7.4 <0.0001
65.7 34.3
50 — 59 years 2,619 48.2 2,480 43.9
514 48.6
=60 years 2,020 37.2 2,750 48.7
42.3 57.7
Metropolitan
Statistical Urban 4,323 79.5 4,490 79.5 0.85
Area
49.1 50.9
Rural 1,095 20.1 1,127 20.0
49.3 50.7
Region Northeast 693 12.7 831 14.7 <0.0001
45.5 54.5
North Central 1,850 34.0 2,200 39.0
45.7 54.3
South 2,130 39.2 1,880 33.3
53.1 46.9
West 741 13.6 706 12.5
51.2 48.8
Insurance HMO 989 18.2 808 14.3 <0.0001
Plan Type
55.0 45.0
PPO 3,024 55.6 3,209 56.8
48.5 51.5
Other 1,392 25.6 1,603 284
46.5 53.5
Clinical characteristics
Prescription |\, yse 2,404 44.2 3,137 55.6 <0.0001
opioid use
43.4 56.6
Use 3,032 55.8 2,509 44.4
54.7 45.3
Prescription |\, yse 2,404 44.2 3,137 55.6 <0.0001
opioid use
43.4 56.6
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Non-Adherent in 180

Adherent in 180 days

Variable days (n=5,436) (n=5,646) P value
N Col % N Col %
Row % Row %
<30-day supply of
prescription 2,513 46.2 2,072 36.7
opioids
54.8 45.2
>30-day supply of
prescription 519 9.5 437 7.7
opioids
54.3 45.7
Deyo-
Charlson Lty | mean (2sd) 1.9 (+1.4) 1.8 (+1.3) 0.0018
Index
Number of
pain 0 1,107 20.4 1,293 22.9 <0.0001
conditions
46.1 53.9
1 2,063 38.0 2,331 41.3
47.0 53.0
2 2,266 41.7 2,022 35.8
52.8 47.2
Number of
comorbid 0 1,059 19.5 1,249 22.1 0.0004
conditions
45.9 54.1
1 1,963 36.1 2,067 36.6
48.7 51.3
2 2,414 44.4 2,330 41.3
50.9 49.1
Type of index
maintenance ICS+LABA 3,378 62.1 2,525 44.7 <0.0001
medication
57.2 42.8
LAMA+LABA or
LAMA+ICS 36 0.7 78 1.4
31.6 68.4
ICS+LABA+LAMA 356 6.5 713 12.6
33.3 66.7
ICS or LABA or
LAMA 1,666 30.6 2,330 41.3
41.7 58.3
Mail-order
index No 3,812 70.1 2,802 49.6 <0.0001
maintenance
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Non-Adherent in 180

Adherent in 180 days

Variable days (n=5,436) (n=5,646) P value
N Col % N Col %
Row % Row %
medication
prescription
57.6 42.4
Yes 1,624 29.9 2,844 50.4
36.3 63.7
Adherence to
COPD-
maintenance Non-adherent if
medications in | PDC < 80% 2,629 48.4 839 14.9 <0.0001
the pre-index
period
75.8 24.2
Adherent if PDC 2
80% 2,807 51.6 4,807 85.1
36.9 63.1
COPD severity indicators
Supplemental
OXygeN Use I i 4,563 83.9 4,287 75.9 <0.0001
the pre-index
period
51.6 48.4
Yes 873 16.1 1,359 24.1
39.1 60.9
SABA use in
the pre-index | No 2,567 47.2 2,613 46.3 0.32
period
49.6 50.4
Yes 2,869 52.8 3,033 53.7
48.6 51.4
COPD-related
severe
exacerbations | 0 5,306 97.6 5,454 96.6 0.002
in the pre-
index period
49.3 50.7
21 130 2.4 192 3.4
40.4 59.6
COPD-related
moderate
exacerbations | 0 4,741 87.2 4,813 85.2 0.003
in the pre-
index period
49.6 50.4
21 695 12.8 833 14.8
45.5 54.5
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Non-Adherent in 180

Adherent in 180 days

Variable days (n=5,436) (n=5,646) P value
N Col % N Col %
| Row % Row %
Physician characteristics
Pulmonologist
visit in the No 4,072 74.9 3,967 70.3 <0.0001
pre-index
period
50.7 49.3
Yes 1,364 25.1 1,679 29.7
44.8 55.2
Prior utilization characteristics
Total all-
cause
healthcare 9,827.7 9,662.6
expenditures mean (+sd) (£17,555.5) (£15,222) <0.0001
in the pre-
index period?®
<$2,844 1645 30.3 1124 19.9 <0.0001
59.4 40.6
$2,844 - $9,838 2440 44.9 3102 54.9
44.0 56.0
>$9,838 1351 24.9 1420 25.2
48.8 51.2

*sd denotes standard deviation; Col, column; HMO, health maintenance
organization; PPO, preferred provider organization; ICS, inhaled corticosteroid,;

LABA, long-acting beta agonist; LAMA, long-acting muscarinic agent; SABA, short-
acting beta agonist; and PDC, proportion of days covered.
2 adjusted to 2010 US $
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Specific Aim 1B sub-analysis was to examine the impact of prescription opioid
use (classified as having > 30-day supply of prescription opioids and < 30-day supply of
prescription opioids) compared to no prescription opioid use, within the first 180 days of
initiating a prescription opioid, among a real-world, large sample of COPD patients after
adjusting for other confounders. A significantly lower percentage (p<0.0001) of
prescription opioid users, either <30-day supply of prescription (45.2%) or >30-day
supply of prescription opioids (45.7%), were adherent to their COPD maintenance
medications in the 180-day follow-up period as compared to nonopioid users (56.6%)
(Table 19).

Unadjusted logistic regression analyses:

Table 20 provides the results of the unadjusted logistic regression analysis of the
odds of being adherent to COPD maintenance medications in the 180-day follow-up
period, for specific aim 1B. Prescription opioid users were found to have 0.59 times
(95% CI 0.54-0.64, p<0.0001) significantly lower odds of being adherent to their COPD
maintenance medications in the 180-day follow-up period compared to non-opioid
users. In the sub-group analysis patients with <30-day supply of prescription opioids
had 0.59 times (95% CI 0.54-0.64, p<0.0001) significantly lower odds of being adherent
to their COPD maintenance medications in the 180-day follow-up period as compared to
non-opioid users. Similarly, patients with >30-day supply of prescription opioids had
0.61 times (95% CI 0.40-0.75, p<0.0001) significantly lower odds of being adherent to
their COPD maintenance medications in the 180-day follow-up period as compared to
non-opioid users. Region, insurance plan type, D-CCI, number of comorbid pain

conditions, number of comorbid chronic conditions, type of index maintenance
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Table 20: Unadjusted logistic regression predicting the odds of being adherent to
COPD maintenance medications in 180 days follow-up

Variable Point Estimate 95% Confidence Interval P-Value

Sociodemographic
characteristics

Metropolitan

Statistical Rural
Area Reference
Urban 0.96 0.83 1.10 0.57
Region Northeast Reference
North Central 0.83 0.69 0.99 0.04
South 0.68 0.57 0.82 <0.0001
West 0.70 0.57 0.89 0.002
Health
Insurance .
Plan Type maintenance
organization Reference
Preferred provider
organization 1.13 0.96 1.33 0.142
Other 1.37 1.14 1.64 0.0008

Clinical characteristics

Pr_es_cnptlon No use
opioid use Reference

Use 0.59 0.54 0.64 <0.0001

Prescription
o No use
opioid use Reference

<30-day supply of
prescription
opioids 0.59 0.54 0.64 <0.0001

>30-day supply of
prescription

opioids 0.61 0.40 0.75 <0.0001
Deyo-
Charlson
Comorbidity
Index 0.86 0.83 0.90 <0.0001
Number of
pain 0
conditions Reference
1 0.89 0.77 1.04 0.14
2 0.68 0.59 0.79 <0.0001
Number of
comorbid 0
conditions Reference
1 0.91 0.76 1.08 0.28
2 0.69 0.57 0.84 <0.001
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Variable Point Estimate 95% Confidence Interval P-Value
Type of index
maintenance | ICS+LABA
medication Reference
LAMA+LABA or
LAMA+ICS 1.90 1.10 3.28 0.02
ICS+LABA+LAMA 1.91 1.56 2.33 <0.0001
ICS or LABA or
LAMA 1.67 1.47 1.89 <0.0001
Mail-order
index
maintenance | No
medication
prescription Reference
Yes 1.66 1.47 1.87 <0.0001
Physician characteristics
Pulmonologist
visit in the
. No
pre-index
period Reference
Yes 1.09 0.95 1.24 0.22
Prior utilization characteristics
Total all-
cause
healthcare
expenditures
in the pre-
index period? | <$2,844 Reference
$2,844 - $9,838 1.39 1.21 1.61 <0.0001
>$9,838 0.95 0.81 1.12 0.52

* |ICS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of
days covered.

2 adjusted to 2010 US $
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medication, mail-order index maintenance medication, and total all-cause healthcare
expenditures were found significant at p<0.2 and were considered in the adjusted
logistic regression analysis.

Multiple logistic regression analyses:

Table 21 provides the results of the adjusted multiple logistic regression analysis
of the odds of being adherent to COPD maintenance medications in the 180-day follow-
up period, for Specific Aim 1B. The overall model was statistically significant (Wald’s
x?=317.98, df=10, p<0.0001). The significant impact of prescription opioid use in the
unadjusted logistic regression analysis persisted in the multiple logistic regression
analysis after adjusting for other factors. Prescription opioid users were found to have
0.55 times (95% CI 0.50-0.61, p<0.0001) significantly lower odds of being adherent to
their COPD maintenance medications in the 180-day follow-up period as compared to
non-opioid users, independent of other predictors. Insurance plan type, D-CCI, type of
index maintenance medication, mail-order index maintenance medication and total all-
cause healthcare expenditures were retained in the backwards elimination model at
p<0.20.

Multiple logistic regression analyses, sub-group analysis:

Table 22 provides the results of the adjusted multiple logistic regression analysis
of the odds of being adherent to COPD maintenance medications in the 180-day follow-
up period, for Specific Aim 1B sub-group analysis. The overall model was statistically
significant (Wald’s x>=318.03, df=11, p<0.0001). The significant impact of prescription
opioid use (<30-day and >30-day supply of prescription opioids) in the unadjusted

logistic regression analysis persisted in the multiple logistic regression analysis after
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Table 21: Multiple logistic regression predicting the odds of being adherent to
COPD maintenance medications in 180 days follow-up

Variable Point Estimate 95% Confidence Interval P-Value
Sociodemographic
characteristics
Health
Insurance X
Plan Type maintenance
organization Reference
Preferred provider
organization 1.00 0.84 1.20 0.99
Other 1.21 0.99 1.48 0.06
Clinical characteristics
Prescription
= No use
opioid use Reference
Use 0.55 0.50 0.61 <0.0001
Deyo-
Charlson
Comorbidity
Index 0.88 0.83 0.92 <0.0001
Type of
index ICS+LABA
maintenance
medication Reference
LAMA+LABA or
LAMA+ICS 2.31 1.27 4.18 0.006
ICS+LABA+LAMA 1.87 1.50 2.33 <0.0001
ICS or LABA or
LAMA 1.76 1.53 2.02 <0.0001
Mail-order
index
maintenance | No
medication
prescription Reference
Yes 1.63 1.43 1.86 <0.0001
Prior utilization characteristics
Total all-
cause
healthcare
expenditures <$2,844
in the pre-
index period Reference
$2,844 - $9,838 1.78 1.51 2.09 <0.0001
>%$9,838 1.54 1.26 1.88 <0.0001

* |CS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of
days covered.

@ adjusted to 2010 US $
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Table 22: Multiple logistic regression predicting the odds of being adherent to
COPD maintenance medications in 180 days follow-up (sub-group analysis)

Variable Point Estimate 95% Confidence Interval P-Value
Sociodemographic
characteristics
Health
Insurance Plan -
Type mamt_enapce
organization Reference
Preferred provider
organization 1.00 0.84 1.20 0.99
Other 1.21 0.99 1.48 0.06
Clinical characteristics
Prescription
O No use
opioid use Reference
<30-day supply of
prescription
opioids 0.55 0.50 0.61 <0.0001
>30-day supply of
prescription
opioids 0.58 0.46 0.72 <0.0001
Deyo-Charlson
Comorbidity
Index 0.88 0.83 0.92 <0.0001
Type of index
maintenance ICS+LABA
medication Reference
LAMA+LABA or
LAMA+ICS 2.30 1.27 4.17 0.006
ICS+LABA+LAMA 1.87 1.50 2.33 <0.0001
ICS or LABA or
LAMA 1.76 1.53 2.02 <0.0001
Mail-order
index
maintenance No
medication
prescription Reference
Yes 1.63 1.43 1.87 <0.0001
Prior utilization characteristics
Total all-cause
healthcare
expenditures in
the pre-index
period <$2,844 Reference
$2,844 - $9,838 1.78 1.51 2.09 <0.0001
>$9,838 1.54 1.26 1.87 <0.0001
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* ICS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of
days covered.

2 adjusted to 2010 US $
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adjusting for other factors. In the sub-group analysis patients with <30-day supply of
prescription opioids had 0.55 times (95% CI 0.50-0.61, p<0.0001) significantly lower
odds of being adherent to their COPD maintenance medications in the 180-day follow-
up period as compared to non-opioid users independent of other factors. Similarly,
patients with >30-day supply of prescription opioids had 0.58 times (95% CI 0.46-0.72,
p<0.0001) significantly lower odds of being adherent to their COPD maintenance
medications in the 180-day follow-up period compared to non-opioid users independent
of other factors. Insurance plan type, D-CCI, type of index maintenance medication,
mail-order index maintenance medication and total all-cause healthcare expenditures
were retained in the backwards elimination model at p<0.20.

Results for Specific Aim 1C

Baseline characteristics as per Specific Aim 1C:

Specific aim 1C was to examine the impact of prescription opioid use compared
to no prescription opioid use on adherence to COPD maintenance medications, within
the first 270 days of initiating a prescription opioid, among a real-world, large sample of
COPD patients after adjusting for other confounders. Table 23 provides baseline
characteristics of the included sample of COPD patients and adherence to COPD
maintenance medications in the 270 days follow-up period. Less than half (47.3%) of
the included matched sample of COPD patients were adherent (defined as PDC 20.8)
to their COPD maintenance medications in the 270-day follow-up period after the index
date. A smaller proportion of prescription opioid users were adherent to their COPD
maintenance medications in the 270-day follow-up period as compared to non-opioid

users (43.3% vs 51.2%, p<0.0001). Patients who were non-adherent to their COPD
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Table 23: Baseline characteristics for Specific Aim 1C

Non-Adherent in 270

Adherent in 270 days

Variable days (n=5,845) (n=5.237) P value
N Col % N Col %
Row % Row %
Sociodemographic
characteristics
Sex Male 2,547 43.6 2,527 48.3 <0.0001
50.2 49.8
Female 3,298 56.4 2,710 51.7
54.9 45.1
Age mean (xsd) 56.3 years (£5.8) 58.1 years (¥4.8) <0.0001
40 — 49 years 849 14.5 364 7.0 <0.0001
70.0 30.0
50 — 59 years 2,799 47.9 2,300 43.9
54.9 45.1
260 years 2,197 37.6 2,573 49.1
46.1 53.9
Metropolitan
Statistical Urban 4,665 79.8 4,148 79.2
Area 0.54
52.9 47.1
Rural 1,160 19.8 1,062 20.3
52.2 47.8
Region Northeast 776 13.3 748 14.3 <0.0001
50.9 49.1
North Central 1,996 34.1 2,054 39.2
49.3 50.7
South 2,260 38.7 1,750 33.4
56.4 43.6
West 789 13.5 658 12.6
54.5 45.5
Insurance
Plan Type HMO 1,046 17.9 751 14.3 <0.0001
58.2 41.8
PPO 3,266 55.9 2,967 56.7
52.4 47.6
Other 1,494 25.6 1,501 28.7
49.9 50.1
Clinical characteristics
E;?;g”f;ﬁ” No use 2,703 46.2 2,838 54.2 <0.0001
48.8 51.2
Use 3,142 53.8 2,399 45.8
56.7 43.3
s;?;(cj”lf;:’” No use 2,703 46.2 2,838 54.2 <0.0001
48.8 51.2
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Non-Adherent in 270

Adherent in 270 days

Variable days (n=5,845) (n=5.237) P value
N Col % N Col %
Row % Row %
<30-day supply of
prescription 2,467 42.2 1,881 35.9
opioids
56.7 43.3
>30-day supply of
prescription 675 115 518 9.9
opioids
56.6 43.4
Deyo-
Charlson bty | mean s 1.9 (+1.4) 1.8 (+1.2) 0.0003
Index
Number of
pain 0 1,196 20.5 1,204 23.0
conditions <0.0001
49.8 50.2
1 2,236 38.3 2,158 41.2
50.9 49.1
2 2,413 41.3 1,875 35.8
56.3 43.7
Number of
comorbid 0 1,137 19.5 1,171 22.4
conditions <0.0001
49.3 50.7
1 2,098 35.9 1,932 36.9
52.1 47.9
2 2,610 44.7 2,134 40.7
55.0 45.0
Type of index
maintenance ICS+LABA 3,590 61.4 2,313 44.2
medication <0.0001
60.8 39.2
LAMA+LABA or
LAMA+ICS 39 0.7 75 1.4
34.2 65.8
ICS+LABA+LAMA 384 6.6 685 13.1
35.9 64.1
ICS or LABA or
LAMA 1,832 31.3 2,164 41.3
45.8 54.2
Mail-order
index
maintenance No 4,012 68.6 2,602 49.7
medication
prescription <0.0001
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Non-Adherent in 270

Adherent in 270 days

Variable days (n=5,845) (n=5.237) P value
N Col % N Col %
Row % Row %
60.7 39.3
Yes 1,833 31.4 2,635 50.3
41.0 59.0
Adherence to
COPD-
maintenance Non-adherent if
medications in | PDC < 80% 2,754 4rl 714 13.6
the pre-index
period <0.0001
79.4 20.6
Adherent if PDC 2
80% 3,091 52.9 4,523 86.4
40.6 59.4
COPD severity indicators
Supplemental
OXygen use in 1y, 4,931 84.4 3,919 74.8
the pre-index
period <0.0001
55.7 44.3
Yes 914 15.6 1,318 25.2
40.9 59.1
SABA use in
the pre-index No 2,764 47.3 2,416 46.1
period 0.224
53.4 46.6
Yes 3,081 52.7 2,821 53.9
52.2 47.8
COPD-related
severe
exacerbations | O 5,700 97.5 5,060 96.6
in the pre-
index period 0.005
53.0 47.0
=1 145 25 177 3.4
45.0 55.0
COPD-related
moderate
exacerbations | 0 5,095 87.2 4,459 85.1
in the pre-
index period 0.002
53.3 46.7
=1 750 12.8 778 14.9
49.1 50.9
Physician characteristics
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Non-Adherent in 270

Adherent in 270 days

Variable days (n=5,845) (n=5.237) P value
N Col % N Col %
Row % Row %
Pulmonologist
visit in the No 4,389 75.1 3,650 60.7
pre-index
period <0.0001
54.6 45.4
Yes 1,456 24.9 1,587 30.3
47.8 52.2
Prior utilization characteristics
Total all-
cause
healthcare mean (2sd) 9,724.9 9,764.5
expenditures - (+17,360.4) (+15,275.8)
in the pre-
index period? <0.0001
<$2,844 1751 30.0 1018 19.4 <0.0001
63.2 36.8
$2,844 - $9,838 2654 45.4 2888 55.1
47.9 52.1
>$9,838 1440 24.6 1331 254
52.0 48.0

*sd denotes standard deviation; Col, column; HMO, health maintenance
organization; PPO, preferred provider organization; ICS, inhaled corticosteroid,;

LABA, long-acting beta agonist; LAMA, long-acting muscarinic agent; SABA, short-
acting beta agonist; and PDC, proportion of days covered.
2 adjusted to 2010 US $
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maintenance medications in the 270-day follow-up period were more likely to be
prescription opioid users than non-opioid users (53.8% vs 46.2%, p<0.0001). A greater
percentage of patients non-adherent to their COPD maintenance medications in the
270-day follow-up period had comorbid conditions than patients adherent to their COPD
maintenance medications. Non-adherent patients had a significantly higher mean D-CCI
score (1.9 +1.4vs 1.8 £ 1.2, p=0.0003). Non-adherent patients also had a percentage
of patients with =1 comorbid chronic conditions (80.5% vs 77.6%, p<0.0001) and =1
comorbid pain conditions (79.5% vs 77%, p<0.0001).

Specific Aim 1C sub-analysis was to examine the impact of prescription opioid
use (classified as having > 30-day supply of prescription opioids and < 30-day supply of
prescription opioids) compared to no prescription opioid use, within the first 270 days of
initiating a prescription opioid, among a real-world, large sample of COPD patients after
adjusting for other confounders. A significantly lower percentage of prescription opioid
users (p<0.0001), either <30-day supply of prescription (43.3%) or >30-day supply of
prescription opioids (43.4%), were adherent to their COPD maintenance medications in
the 270-day follow-up period as compared to non-users of prescription opioid users
(51.2%) (Table 23).

Unadjusted logistic regression analyses:

Table 24 provides the results of the unadjusted logistic regression analysis of the
odds of being adherent to COPD maintenance medications in the 270-day follow-up
period, for Specific Aim 1C. Prescription opioid users were found to have 0.69 times
(95% CI 0.63-0.74, p<0.0001) significantly lower odds of being adherent to their COPD

maintenance medications in the 270-day follow-up period as compared to non-opioid
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Table 24: Unadjusted logistic regression predicting the odds of being adherent to
COPD maintenance medications in 270 days follow-up

Variable Point Estimate 95% Confidence Interval P-Value

Sociodemographic
characteristics

Metropolitan

Statistical Rural
Area Reference
Urban 0.94 0.83 1.08 0.37
Region Northeast Reference
North Central 0.93 0.78 1.18 0.45
South 0.78 0.65 0.93 0.006
West 0.82 0.65 1.02 0.07
Health
Insurance :
Plan Type maintenance
organization Reference
Preferred provider
organization 1.14 0.97 1.35 0.0002
Other 1.42 1.18 1.71 0.12

Clinical characteristics

Pr_es_cnptlon No use
opioid use Reference

Use 0.69 0.63 0.74 <0.0001

Prescription
o No use
opioid use Reference

<30-day supply of
prescription
opioids 0.68 0.62 0.75 <0.0001

>30-day supply of
prescription

opioids 0.70 0.59 0.84 <0.0001
Deyo-
Charlson
Comorbidity
Index 0.85 0.81 0.89 <0.0001
Number of
pain 0
conditions Reference
1 0.88 0.76 1.03 0.12
2 0.71 0.61 0.83 <0.001
Number of
comorbid 0
conditions Reference
1 0.90 0.74 1.08 0.24
2 0.66 0.55 0.80 <0.0001
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Variable Point Estimate 95% Confidence Interval P-Value
Type of index
maintenance | ICS+LABA
medication Reference
LAMA+LABA or
LAMA+ICS 2.02 1.14 3.58 0.02
ICS+LABA+LAMA 1.93 1.58 2.37 <0.0001
ICS or LABA or
LAMA 1.62 1.42 1.84 <0.0001
Mail-order
index
maintenance | No
medication
prescription Reference
Yes 1.61 1.42 1.82 <0.0001
Physician characteristics
Pulmonologist
VISIt'In the Other
pre-index
period Reference
Pulmonologist 1.07 0.93 1.22 0.35
Prior utilization characteristics
Total all-
cause
healthcare
expenditures
in the pre-
index period® | <$2,844 Ref
$2,844 - $9,838 1.36 1.18 1.58 <0.0001
>$9,838 0.96 0.81 1.14 0.66

* |ICS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of
days covered.

2 adjusted to 2010 US $
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users. Patients with <30-day supply of prescription opioids had 0.68 times (95% ClI
0.62-0.75, p<0.0001) significantly lower odds of being adherent to their COPD
maintenance medications in the 270-day follow-up period as compared to non-opioid
users. Similarly, patients with >30-day supply of prescription opioids had 0.70 times
(95% CI 0.59-0.84, p<0.0001) significantly lower odds of being adherent to their COPD
maintenance medications in the 270-day follow-up period as compared to non-opioid
users. Region, insurance plan type, D-CCI, number of comorbid pain conditions,
number of comorbid chronic conditions, type of index maintenance medication, mail-
order index maintenance medication, and total all-cause healthcare expenditures were
found significant at p<0.2 and were considered in the adjusted logistic regression
analysis.

Multiple logistic regression analyses:

Table 25 provides the results of the adjusted multiple logistic regression analysis
of the odds of being adherent to COPD maintenance medications in the 270-day follow-
up period, for specific aim 1C. The overall model was statistically significant (Wald’s
x?=248.29, df=10, p<0.0001). The significant impact of prescription opioid use in the
unadjusted logistic regression analysis persisted in the multiple logistic regression
analysis after adjusting for other factors. Prescription opioid users were found to have
0.66 times (95% CI 0.60-0.73, p<0.0001) significantly lower odds of being adherent to
their COPD maintenance medications in the 270-day follow-up period as compared to
non-opioid users, independent of other predictors. Insurance plan type, D-CCI, type of

index maintenance medication, mail-order index maintenance medication and total all-
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Table 25: Multiple logistic regression predicting the odds of being adherent to
COPD maintenance medications in 270 days follow-up

Variable Point Estimate 95% Confidence Interval P-Value
Sociodemographic
characteristics
Insurance Health Reference
Plan Type maintenance
organization
Preferred provider 1.04 0.87 1.25 0.68
organization
Other 1.29 1.05 1.57 0.01
Clinical characteristics
Prescription | No use Reference
opioid use
Use 0.66 0.60 0.73 <0.0001
Deyo- 0.85 0.81 0.90 <0.0001
Charlson
Comorbidity
Index
Type of ICS+LABA Reference
index
maintenance
medication
LAMA+LABA or 2.33 1.26 4.29 0.006
LAMA+ICS
ICS+LABA+LAMA 1.90 1.52 2.36 <0.0001
ICS or LABA or 1.66 1.45 1.91 <0.0001
LAMA
Mail-order No Reference
index
maintenance
medication
prescription
Yes 1.57 1.38 1.79 <0.0001
Prior utilization characteristics
Total all- <$2,844 Reference
cause
healthcare
expenditures
in the pre-
index
period?
$2,844 - $9,838 1.64 1.4 1.93 <0.0001
>$9,838 1.46 1.2 1.79 0.0002

* |ICS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of
days covered.

2 adjusted to 2010 US $
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cause healthcare expenditures were retained in the backwards elimination model at
p<0.20.

Multiple logistic regression analyses, sub-group analysis:

Table 26 provides the results of the adjusted multiple logistic regression analysis
of the odds of being adherent to COPD maintenance medications in the 270-day follow-
up period, for Specific Aim 1C sub-group analysis. The overall model was statistically
significant (Wald’s x?=248.34, df=11, p<0.0001). The significant impact of prescription
opioid use (<30-day and >30-day supply of prescription opioids) in the unadjusted
logistic regression analysis persisted in the multiple logistic regression analysis after
adjusting for other factors. In the sub-group analysis patients with <30-day supply of
prescription opioids had 0.66 times (95% CI 0.59-0.73, p<0.0001) significantly lower
odds of being adherent to their COPD maintenance medications in the 270-day follow-
up period as compared to non-opioid users independent of other factors. Similarly,
patients with >30-day supply of prescription opioids had 0.68 times (95% CI 0.56-0.83,
p<0.0001) significantly lower odds of being adherent to their COPD maintenance
medications in the 270-day follow-up period as compared to non-opioid users
independent of other factors. Insurance plan type, D-CCI, type of index maintenance
medication, mail-order index maintenance medication and total all-cause healthcare

expenditures were retained in the backwards elimination model at p<0.20.
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Table 26: Multiple logistic regression predicting the odds of being adherent to
COPD maintenance medications in 270 days follow-up (sub-group analysis)

Variable Point Estimate 95% Confidence Interval P-Value
Sociodemographic
characteristics
Insurance Health Reference
Plan Type maintenance
organization
Preferred provider 1.04 0.87 1.25 0.68
organization
Other 1.29 1.05 1.57 0.01
Clinical characteristics
Prescription | No use Reference
opioid use
<30-day supply of 0.66 0.59 0.73 <0.0001
prescription
opioids
>30-day supply of 0.68 0.56 0.83 0.0001
prescription
opioids
Deyo- 0.85 0.81 0.90 <0.0001
Charlson
Comorbidity
Index
Type of ICS+LABA Reference
index
maintenance
medication
LAMA+LABA or 2.33 1.26 4.29 0.007
LAMA+ICS
ICS+LABA+LAMA 1.90 1.52 2.36 <0.0001
ICS or LABA or 1.66 1.45 1.91 <0.0001
LAMA
Mail-order No Reference
index
maintenance
medication
prescription
Yes 1.57 1.38 1.80 <0.0001
Prior utilization characteristics
Total all- <$2,844 Reference
cause
healthcare
expenditures
in the pre-
index
period?®
$2,844 - $9,838 1.64 1.4 1.93 <0.0001
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Variable

Point Estimate

95% Confidence Interval

P-Value

[ >$9,838

1.46

1.19 | 179

0.0002

* |CS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of

days covered.
2 adjusted to 2010 US $
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Results for Specific Aim 1D
Baseline characteristics as per Specific Aim 1D:

Specific Aim 1D was to examine the impact of prescription opioid use compared
to no prescription opioid use on adherence to COPD maintenance medications, within
the first 365 days of initiating a prescription opioid, among a real-world, large sample of
COPD patients after adjusting for other confounders. Table 27 provides baseline
characteristics of the included sample of COPD patients and adherence to COPD
maintenance medications in the 365 days follow-up period. Less than half (45.9%) of
the included matched sample of COPD patients were adherent (defined as PDC =0.8)
to their COPD maintenance medications in the 365-day follow-up period after the index
date. A smaller percentage of prescription opioid users were adherent to their COPD
maintenance medications in the 365-day follow-up period as compared to their non-user
counterparts (42.1% vs 49.7%, p<0.0001). Patients who were non-adherent to their
COPD maintenance medications in the 365-day follow-up period were more likely to be
prescription opioid users than non-opioid users (53.6% vs 46.4%, p<0.0001). A greater
percentage of patients non-adherent to their COPD maintenance medications in the
365-day follow-up period had comorbid conditions than patients adherent to their COPD
maintenance medications. Non-adherent patients had a significantly higher mean D-CCI
score (1.9 +1.4vs 1.8 £ 1.2, p=0.0006). Non-adherent patients also had a percentage
of patients with =21 comorbid chronic conditions (80.8% vs 77.3%, p<0.0001) and =1
comorbid pain conditions (79.7% vs 76.8%, p<0.0001).

Specific Aim 1D sub-analysis was to examine the impact of prescription opioid

use (classified as having >30-day supply of prescription opioids and <30-day supply of
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Table 27: Baseline characteristics for Specific Aim 1D

Non-Adherent in 365

Adherent in 365 days

Variable days (n=5,996) (n=5,086) P value
N Col % N Col %
Row % Row %
Sociodemographic
characteristics
Sex Male 2,630 43.9 2,444 48.1 <0.0001
51.8 48.2
Female 3,366 56.1 2,642 51.9
56.0 44.0
Age mean (xsd) 56.4 years (£5.7) 59.1 years (¥4.8) <0.0001
40 — 49 years 861 14.4 352 6.9 <0.0001
71.0 29.0
50 — 59 years 2,880 48.0 2,219 43.6
56.5 43.5
260 years 2,255 37.6 2,515 49.4
47.3 52.7
Metropolitan
Statistical Urban 4,769 79.5 4,044 79.5
Area 0.95
54.1 45.9
Rural 1,204 20.1 1,018 20.0
54.2 45.8
Region Northeast 807 135 717 14.1 <0.0001
53.0 47.0
North Central 2,044 34.1 2,006 39.4
50.5 49.5
South 2,316 38.6 1,694 33.3
57.8 42.2
West 802 13.4 645 12.7
55.4 44.6
Insurance
Plan Type HMO 1,062 17.7 735 145 <0.0001
59.1 40.9
PPO 3,340 55.7 2,893 56.9
53.6 46.4
Other 1,555 25.9 1,440 28.3
51.9 48.1
Clinical characteristics
E;?;g”f;ﬁ” No use 2,785 46.4 2,756 54.2 <0.0001
50.3 49.7
Use 3,211 53.6 2,330 45.8
57.9 42.1
s;?;(cj”lf;:’” No use 2,785 46.4 2,756 54.2 <0.0001
50.3 49.7
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Non-Adherent in 365

Adherent in 365 days

Variable days (n=5,996) (n=5,086) P value
N Col % N Col %
Row % Row %
<30-day supply of
prescription 2,408 40.2 1,762 34.6
opioids
57.7 42.3
>30-day supply of
prescription 803 134 568 11.2
opioids
58.6 41.4
Deyo-
Charlson bty | mean s 1.9 (+1.4) 1.8 (+1.2) 0.0006
Index
Number of
pain 0 1,219.00 20.3 1,181 23.2
conditions <0.0001
50.8 49.2
1 2,296.00 38.3 2,098 41.3
52.3 47.7
2 2,481.00 41.4 1,807 35.5
57.9 42.1
Number of
comorbid 0 1,154 19.2 1,154 22.7
conditions <0.0001
50.0 50.0
1 2,167 36.1 1,863 36.6
53.8 46.2
2 2,675 44.6 2,069 40.7
56.4 43.6
Type of index
maintenance ICS+LABA 3,658 61.0 2,245 44.1
medication <0.0001
62.0 38.0
LAMA+LABA or
LAMA+ICS 42 0.7 72 1.4
36.8 63.2
ICS+LABA+LAMA 406 6.8 663 13.0
38.0 62.0
ICS or LABA or
LAMA 1,890 315 2,106 41.4
47.3 52.7
Mail-order
index
maintenance No 4,083 68.1 2,531 49.8
medication
prescription <0.0001
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Non-Adherent in 365

Adherent in 365 days

Variable days (n=5,996) (n=5,086) P value
N Col % N Col %
Row % Row %
61.7 38.3
Yes 1,913 31.9 2,555 50.2
42.8 57.2
Adherence to
COPD-
maintenance Non-adherent if
medications in | PDC < 80% 2,188 46.5 680 13.4
the pre-index
period <0.0001
80.4 19.6
Adherent if PDC 2
80% 3,208 53.5 4,406 86.6
42.1 57.9
COPD severity indicators
Supplemental
OXygen use in 1y, 5,054 84.3 3,796 74.6
the pre-index
period <0.0001
57.1 42.9
Yes 942 15.7 1,290 25.4
42.2 57.8
SABA use in
the pre-index | No 2,834 47.3 2,346 46.1
period 0.231
54.7 45.3
Yes 3,162 52.7 2,740 53.9
53.6 46.4
COPD-related
severe
exacerbations | 0 5,844 97.5 4,916 96.7
in the pre-
index period 0.012
54.3 45.7
21 152 25 170 3.3
47.2 52.8
COPD-related
moderate
exacerbations | 0 5,238 87.4 4,316 84.9
in the pre-
index period 0.0001
54.8 45.2
21 758 12.6 770 15.1
49.6 50.4
Physician characteristics
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Non-Adherent in 365

Adherent in 365 days

Variable days (n=5,996) (n=5,086) P value
N Col % N Col %
Row % Row %
Pulmonologist
visit in the No 4,465 74.5 3,574 70.3
pre-index
period <0.0001
55.5 44.5
Yes 1,531 25.5 1,512 29.7
50.3 49.7
Prior utilization characteristics
Total all-
cause
healthcare 9,739.9 9,748
expenditures mean (<sd) (+17,164.6) (+15,469.4) <0.0001
in the pre-
index period?®
<$2,844 1765 29.4 1004 19.7 <0.0001
63.7 36.3
$2,844 - $9,838 2736 45.6 2806 55.2
49.4 50.6
>$9,838 1495 24.9 1276 25.1
54.0 46.0

*sd denotes standard deviation; Col, column; HMO, health maintenance
organization; PPO, preferred provider organization; ICS, inhaled corticosteroid,;

LABA, long-acting beta agonist; LAMA, long-acting muscarinic agent; SABA, short-
acting beta agonist; and PDC, proportion of days covered.
2 adjusted to 2010 US $
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prescription opioids) compared to no prescription opioid use, within the first 365 days of
initiating a prescription opioid, among a real-world, large sample of COPD patients after
adjusting for other confounders. A significantly lower percentage (p<0.0001) of
prescription opioid users, either <30-day supply of prescription (42.3%) or >30-day
supply of prescription opioids (41.4%), were adherent to their COPD maintenance
medications in the 365-day follow-up period as compared to non-users of prescription
opioid users (49.7%) (Table 27).

Unadjusted logistic regression analyses:

Table 28 provides the results of the unadjusted logistic regression analysis of the
odds of being adherent to COPD maintenance medications in the 365-day follow-up
period for Specific Aim 1D. Prescription opioid users were found to have 0.69 times
(95% CI1 0.64-0.75, p<0.0001) significantly lower odds of being adherent to their COPD
maintenance medications in the 365-day follow-up period as compared to non-opioid
users. In the sub-group analysis patients with <30-day supply of prescription opioids
had 0.69 times (95% CI 0.63-0.76, p<0.0001) significantly lower odds of being adherent
to their COPD maintenance medications in the 365-day follow-up period as compared to
non-opioid users. Similarly, patients with >30-day supply of prescription opioids had
0.69 times (95% CI 0.58-0.81, p<0.0001) significantly lower odds of being adherent to
their COPD maintenance medications in the 365-day follow-up period as compared to
non-opioid users. Region, insurance plan type, D-CCI, number of comorbid pain
conditions, number of comorbid chronic conditions, type of index maintenance

medication, mail-order index maintenance medication, and total all-cause healthcare
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Table 28: Unadjusted logistic regression predicting the odds of being adherent to
COPD maintenance medications in 365 days follow-up

Variable Point Estimate 95% Confidence Interval P-Value
Sociodemographic
characteristics
Metropolitan
Statistical Rural
Area Reference
Urban 0.96 0.83 1.11 <0.61
Region Northeast Reference
North Central 0.92 0.77 1.11 0.39
South 0.76 0.63 0.91 0.003
West 0.81 0.65 1.01 0.06
Health
Insurance ;
Plan Type mamtgna_nce
organization Reference
Preferred provider
organization 1.15 0.97 1.36 0.0006
Other 1.38 1.15 1.67 0.11
Clinical characteristics
Prescription
= No use
opioid use Reference
Use 0.69 0.64 0.75 <0.0001
Prescription
= No use
opioid use Reference
<30-day supply of
rescription opioids 0.69 0.63 0.76 <0.0001
>30-day supply of
prescription
opioids 0.69 0.58 0.81 <0.0001
Deyo-
Charlson
Comorbidity
Index 0.86 0.82 0.90 <0.0001
Number of
pain 0
conditions Reference
1 0.85 0.73 1.00 0.05
2 0.66 0.57 0.77 <0.0001
Number of
comorbid 0
conditions Reference
1 0.83 0.69 0.99 0.04
2 0.63 0.52 0.76 <0.0001
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Variable Point Estimate 95% Confidence Interval P-Value
Type of index
maintenance | ICS+LABA
medication Reference
LAMA+LABA or
LAMA+ICS 1.95 1.15 3.31 0.014
ICS+LABA+LAMA 1.83 1.48 2.25 <0.0001
ICS or LABA or
LAMA 1.49 1.31 1.70 <0.0001
Mail-order
index
maintenance | No
medication
prescription Reference
Yes 1.54 1.36 1.74 <0.0001
Physician characteristics
Pulmonologist
visit in the
. No
pre-index
period Reference
Yes 1.05 0.92 1.19 0.52
Prior utilization characteristics
Total all-
cause
healthcare
expenditures
in the pre-
index period® | <$2,844 Reference
$2,844 - $9,838 1.28 1.11 1.48 0.0007
>$9,838 0.92 0.78 1.09 0.33

* |CS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of
days covered.

@ adjusted to 2010 US $
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expenditures were found significant at p<0.2 and were considered in the adjusted
logistic regression analysis.
Multiple logistic regression analyses:

Table 29 provides the results of the adjusted multiple logistic regression analysis
of the odds of being adherent to COPD maintenance medications in the 365-day follow-
up period, for Specific Aim 1D. The overall model was statistically significant (Wald’s
x?=221.03, df=12, p<0.0001). The significant impact of prescription opioid use in the
unadjusted logistic regression analysis persisted in the multiple logistic regression
analysis after adjusting for other factors. Prescription opioid users were found to have
0.69 times (95% CI 0.63-0.76, p<0.0001) significantly lower odds of being adherent to
their COPD maintenance medications in the 365-day follow-up period as compared to
non-opioid users, independent of other predictors. Insurance plan type, D-CCI, number
of pain conditions, type of index maintenance medication, mail-order index maintenance
medication and total all-cause healthcare expenditures were retained in the backwards
elimination model at p<0.20.

Multiple logistic regression analyses, sub-group analysis:

Table 30 provides the results of the adjusted multiple logistic regression analysis
of the odds of being adherent to COPD maintenance medications in the 365-day follow-
up period, for Specific Aim 1D sub-group analysis. The overall model was statistically
significant (Wald’s x?=221.07, df=13, p<0.0001). The significant impact of prescription
opioid use (<30-day and >30-day supply of prescription opioids) in the unadjusted
logistic regression analysis persisted in the multiple logistic regression analysis after

adjusting for other factors. In the sub-group analysis patients with <30-day supply of
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Table 29: Multiple logistic regression predicting the odds of being adherent to
COPD maintenance medications in 365 days follow-up

Variable Point Estimate 95% Confidence Interval P-Value
Sociodemographic characteristics
Insurance Plan Health Reference
Type maintenance
organization
Preferred provider 1.06 0.88 1.27 0.54
organization
Other 1.25 1.03 1.55 0.02
Clinical characteristics
Prescription No use Reference
opioid use
Use 0.69 0.63 0.76 <0.0001
Deyo-Charlson 0.87 0.83 0.92 <0.0001
Comorbidity
Index
Number of pain | O Reference
conditions
1 0.86 0.73 1.01 0.07
2 0.80 0.67 0.95 0.01
Type of index ICS+LABA Reference
maintenance
medication
LAMA+LABA or 2.19 1.24 3.86 0.006
LAMA+ICS
ICS+LABA+LAMA 1.81 1.45 2.25 <0.0001
ICS or LABA or 1.52 1.33 1.75 <0.0001
LAMA
Mail-order index | No Reference
maintenance
medication
prescription
Yes 1.51 1.32 1.72 <0.0001
Prior utilization characteristics
Total all-cause <$2,844 Reference
healthcare
expenditures in
the pre-index
period?
$2,844 - $9,838 1.57 1.34 1.84 <0.0001
>$9,838 1.42 1.16 1.74 0.0006
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* ICS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of
days covered.

2 adjusted to 2010 US $
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Table 30: Multiple logistic regression predicting the odds of being adherent to
COPD maintenance medications in 365 days follow-up (sub-group analysis)

Variable Point Estimate 95% Confidence Interval P-Value
Sociodemographic characteristics
Insurance Health maintenance Reference
Plan Type organization
Preferred provider 1.06 0.88 1.27 0.53
organization
Other 1.26 1.03 1.55 0.02
Clinical characteristics
Prescription No use Reference
opioid use
<30-day supply of 0.69 0.62 0.77 <0.0001
prescription opioids
>30-day supply of 0.71 0.59 0.85 0.0003
prescription opioids
Deyo- 0.87 0.83 0.92 <0.0001
Charlson
Comorbidity
Index
Number of 0 Reference
pain
conditions
1 0.86 0.73 1.01 0.07
2 0.79 0.66 0.95 0.01
Type of index | ICS+LABA Reference
maintenance
medication
LAMA+LABA or 2.19 1.25 3.87 0.007
LAMA+ICS
ICS+LABA+LAMA 1.81 1.45 2.25 <0.0001
ICS or LABA or 1.52 1.33 1.75 <0.0001
LAMA
Mail-order No
index
maintenance
medication
prescription
Yes 151 1.32 1.72 <0.0001
Prior utilization characteristics
Total all- <$2,844 Reference
cause
healthcare
expenditures
in the pre-
index period?
$2,844 - $9,838 1.57 1.34 1.84 <0.0001
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Variable

Point Estimate

95% Confidence Interval

P-Value

[ >$9,838

1.42

1.16 | 174

0.0006

* |CS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of

days covered.
2 adjusted to 2010 US $
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prescription opioids had 0.69 times (95% CI1 0.62-0.77, p<0.0001) significantly lower
odds of being adherent to their COPD maintenance medications in the 365-day follow-
up period compared to non-opioid users independent of other factors. Similarly, patients
with >30-day supply of prescription opioids had 0.71 times (95% CI 0.59-0.85,
p<0.0003) significantly lower odds of being adherent to their COPD maintenance
medications in the 365-day follow-up period compared to non-opioid users independent
of other factors. Insurance plan type, D-CCI, number of pain conditions, type of index
maintenance medication, mail-order index maintenance medication and total all-cause
healthcare expenditures were retained in the backwards elimination model at p<0.20.
Sample for Specific Aims 2,3 and 4

Specific Aims 2, 3 and 4 were answered using long-term prescription opioid
users and non-opioid users among COPD patients. Baseline characteristics of long-
term prescription opioid users and non-users among COPD patients are presented in
Table 31.

A total of 566 COPD patients on maintenance medications were classified as
long-term prescription opioid users, representing 10.2% of all the matched prescription
opioid users. Long-term prescription opioid users were similar to non-opioid users in
terms of baseline sex, age, MSA, insurance plan type, type of index maintenance
medication, mail-order index maintenance medication, adherence in the pre-index
period, pre-index moderate COPD exacerbations, and pulmonary physician visit. Similar
to prescription opioid users, long-term prescription opioid users had significantly higher
number of mean comorbid conditions compared to non-opioid users. The mean D-CCI

score among long-term prescription opioid users was significantly higher compared to
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Table 31: Baseline characteristics of long-term and non-users of prescription
opioids in one-year follow-up period for Specific Aims 2, 3, and 4

Non-Opioid u

Sers

Long-term opioid users

Variable (n=5,541) (n=566) P value
N Col % N Col % Row
Row % %
Sociodemographic
characteristics
Sex Male 2,537 45.8 267 47.2 0.53
90.5 9.5
Female 3,004 54.2 299 52.8
90.9 9.1
Age mean (xsd) 57.2 years (£5.4) 57.3 years (£5.2) 0.73
40 — 49 years 604 10.9 50 8.8 0.31
92.4 7.6
50 — 59 years 2,555 46.1 269 475
90.5 9.5
260 years 2,382 43.0 247 43.6
90.6 9.4
Metropolitan
Statistical Urban 4,408 79.6 441 77.9 0.32
Area
90.9 9.1
Rural 1,106 20.0 123 21.7
90.0 10.0
Region Northeast 910 16.4 52 9.2 <0.0001
94.6 5.4
North Central 2,084 37.6 232 41.0
90.0 10.0
South 1,808 32.6 213 37.6
89.5 10.5
West 708 12.8 67 11.8
91.4 8.6
Insurance HMO 879 15.9 92 16.3 0.96
Plan Type
90.5 9.5
PPO 1,518 27.4 153 27.0
90.8 9.2
Other 3118 56.3 319 56.4
90.7 9.3
Clinical characteristics
Deyo-
ggﬁ:fr%? Lty | mean (2sd) 1.7 (+1.2) 2.4 (+1.8) <0.0001
Index
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Non-Opioid users

Long-term opioid users

Variable (n=5.541) (n=566) P value
N Col % N Col % Row
Row % %
Number of
pain 0 1624 29.3 37 6.5 <0.0001
conditions
97.8 2.2
1 2,515 454 116 20.5
95.6 4.4
2 1,402 25.3 413 73.0
77.2 22.8
Number of
comorbid 0 1,312 23.7 76 13.4 <0.0001
conditions
94.5 5.5
1 2,168 39.1 169 29.9
92.8 7.2
2 2,061 37.2 321 56.7
86.5 13.5
Type of index
maintenance ICS+LABA 2,904 52.4 284 50.2 0.3
medication
91.1 8.9
LAMA+LABA or
LAMA+ICS 56 1.0 10 1.8
84.8 15.2
ICS+LABA+LAMA 538 9.7 60 10.6
90.0 10.0
ICS or LABA or
LAMA 2043 36.9 212 375
90.6 9.4
Mail-order
index
maintenance No 3,353 60.5 324 57.2 0.13
medication
prescription
91.2 8.8
Yes 2,188 39.5 242 42.8
90.0 10.0
Adherence to
COPD-
maintenance Non-adherent if
medications in | PDC < 80% 1,734 313 170 30.0 0.54
the pre-index
period
91.1 8.9
Adherent if PDC =
80% 3,807 68.7 396 70.0
90.6 9.4
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Non-Opioid users

Long-term opioid users

Variable (n=5.541) (n=566) P value
N Col % N Col % Row
Row % %
COPD severity indicators
Supplemental
OXygen use in | i, 4,425 79.9 407 71.9 <0.0001
the pre-index
period
91.6 8.4
Yes 1,116 20.1 159 28.1
87.5 12.5
SABA use in
the pre-index | No 2,590 46.7 232 41.0 0.009
period
91.8 8.2
Yes 2,951 53.3 334 59.0
89.8 10.2
COPD-related
severe
exacerbations | 0 5,380 97.1 536 94.7 0.002
in the pre-
index period
90.9 9.1
21 161 2.9 30 5.3
84.3 15.7
COPD-related
moderate
exacerbations | 0 4,777 86.2 473 83.6 0.08
in the pre-
index period
91.0 9.0
21 764 13.8 93 16.4
89.1 10.9
Physician characteristics
Pulmonologist
visit in the No 4,072 73.5 406 71.7 0.37
pre-index
period
90.9 9.1
Yes 1,469 26.5 160 28.3
90.2 9.8
Prior utilization characteristics
Total all-
cause mean (xsd)
healthcare [median 6,988.4 [4,059 15,427.4 [7,774 <0.0001
expenditures | : : (£11,358.8) (5059)] (£27,780.0) | (11,074)] '
in the pre- interquartile range]
index period?
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Non-Opioid users

Long-term opioid users

Variable (n=5.541) (n=566) P value
N Col % N Col % Row

Row % %

<$2,844 1874 33.8 70 12.4 <0.0001
96.4 3.6
$2,844 - $9,838 2752 49.7 269 47.5
91.1 8.9
>$9,838 915 16.5 227 40.1
80.1 19.9

*sd denotes standard deviation; Col, column; HMO, health maintenance
organization; PPO, preferred provider organization; ICS, inhaled corticosteroid;

LABA, long-acting beta agonist; LAMA, long-acting muscarinic agent; SABA, short-
acting beta agonist; and PDC, proportion of days covered.

2 adjusted to 2010 US $
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non-users of prescription opioids (2.4 £ 1.8 vs 1.7 £ 1.2, p<0.0001). Similarly, a higher
proportion of long-term prescription opioid users had presence of one or more comorbid
chronic conditions (86.6% vs 76.3%, p<0.0001) and comorbid pain conditions (93.5% vs
70.7%, p<0.0001). Also, significantly higher percentage of long-term prescription opioid
users had pre-index supplemental oxygen use (28.1% vs 20.1%, p<0.0001), SABA use
(59% vs 53.3%, p<0.009), severe COPD exacerbations (5.3% vs 2.9%, p=0.002), and
higher mean total all-cause healthcare costs (Table 31).

Results for Specific Aim 2

Baseline characteristics as per Specific Aim 2:

Specific Aim 2 was to examine the impact of long-term prescription opioid use
(=90-day supply in a one-year period) compared to no-opioid use on adherence to
COPD maintenance medications among a real-world, large sample of COPD patients
after adjusting for other confounders. Table 32 provides baseline characteristics of the
included sample of long-term and non-opioid users among COPD patients according to
adherence to COPD maintenance medications in one-year follow-up period. Overall,
49.1% of the included sample of COPD patients were adherent (defined as PDC =0.8)
to their COPD maintenance medications in the one-year follow-up period after the index
date. A smaller percentage of long-term prescription opioid users were adherent to their
COPD maintenance medications as compared to non-opioid users (42.6% vs 49.7%,
p=0.001). A higher percentage of patients who had comorbid conditions were non-
adherent to their COPD maintenance medications than patients who did not have

comorbid conditions. A significantly higher percentage of non-adherent patients had
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Table 32: Baseline characteristics for specific aim 2

Non-Adherent in 365

Adherent in 365

Comorbidity Index

Variable days (n=3,110) days (n=2,997) P value
N Col % N Col %
Row % Row %
Sociodemographic characteristics
Sex Male 1,372 44.1 1,432 47.8 0.004
48.9 51.1
Female 1,738 55.9 1,565 52.2
52.6 47.4
Age mean (xsd) 56.4 years (£5.7) 58.1 years (£4.9) <0.0001
40 — 49 years 434 14.0 220 7.3 <0.0001
66.4 33.6
50 — 59 years 1,526 49.1 1,298 43.3
54.0 46.0
=60 years 1,150 37.0 1,479 49.3
43.7 56.3
Metropolitan Urban 2,471 79.5 2,378 79.3 0.97
Statistical Area
51.0 49.0
Rural 627 20.2 602 20.1
51.0 49.0
Region Northeast 492 15.8 470 15.7 <0.0001
51.1 48.9
North Central 1,086 34.9 1,230 41.0
46.9 53.1
South 1,113 35.8 908 30.3
55.1 44.9
West 403 13.0 372 12.4
52.0 48.0
Insurance Plan HMO 546 17.6 425 14.2 0.001
Type
56.2 43.8
PPO 1,723 55.4 1,714 57.2
50.1 49.9
Other 823 26.5 848 28.3
49.3 50.7
Clinical characteristics
Prescription Non user 2785 89.5 2756 92.0 0.001
opioid use
50.3 49.7
Long-term user 325 10.5 241 8.0
57.4 42.6
Deyo-Charlson 1 o (esd) 1.8 (+1.3) 1.7 (+1.2) 0.297
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Non-Adherent in 365

Adherent in 365

Variable days (n=3,110) days (n=2,997) P value
N Col % N Col %
Row % Row %
Number of pain 0 814 26.2 847 283 | <0.0001
conditions
49.0 51.0
1 1,264 40.6 1,367 45.6
48.0 52.0
2 1,032 33.2 783 26.1
56.9 43.1
Number of
comorbid 0 654 21.0 734 24.5 0.004
conditions
47.1 52.9
1 1,203 38.7 1,134 37.8
51.5 48.5
2 1,253 40.3 1,129 37.7
52.6 47.4
Type of index
maintenance ICS+LABA 1,871 60.2 1317 43.9 <0.0001
medication
58.7 41.3
LAMA+LABA or
LAMA+ICS 19 0.6 47 1.6
28.8 71.2
ICS+LABA+LAMA 203 6.5 395 13.2
33.9 66.1
ICS or LABA or
LAMA 1017 32.7 1238 41.3
45.1 54.9
Mail-order index
maintenance No 2,172 69.8 1,505 50.2 | <0.0001
medication
prescription
59.1 40.9
Yes 938 30.2 1,492 49.8
38.6 61.4
Adherence to
COPD- )
maintenance Non-adherent if 1,487 47.8 417 139 | <0.0001
" . PDC < 80%
medications in the
pre-index period
78.1 21.9
Adherent if PDC =
80% 1,623 52.2 2,580 86.1
38.6 61.4
COPD severity indicators
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Non-Adherent in 365

Adherent in 365

Variable days (n=3,110) days (n=2,997) P value
N Col % N Col %
Row % Row %
Supplemental
oxygen use inthe | No 2,609 83.9 2,223 74.2 <0.0001
pre-index period
54.0 46.0
Yes 501 16.1 774 25.8
39.3 60.7
SABAuseinthe |, 1,427 45.9 1,395 46.5 0.6
pre-index period
50.6 49.4
Yes 1,683 54.1 1,602 53.5
51.2 48.8
COPD-related
severe
exacerbations in 0 3,025 97.3 2,891 96.5 0.07
the pre-index
period
51.1 48.9
21 85 2.7 106 3.5
44.5 55.5
COPD-related
moderate
exacerbations in 0 2,703 86.9 2,547 85.0 0.03
the pre-index
period
51.5 48.5
21 407 13.1 450 15.0
47.5 52.5
Physician characteristics
Pulmonologist visit
in the pre-index No 2,359 75.9 2,119 70.7 <0.0001
period
52.7 47.3
No 751 24.1 878 29.3
46.1 53.9
Prior utilization characteristics
Total all-cause
healthcare mean (+sd) 7,672.5 [3,847 | 7,872.4 | [4,678
expenditures in [median = L ; ' o : <0.0001
the pre-index interquartile range] (£15,023.7) | (5,545)] | (*12,731) | (5,393]]
period?
<$2,844 1153 37.1 791 26.4 <0.0001
59.3 40.7
$2,844 - $9,838 1396 44.9 1625 54.2
46.2 53.8
>$9,838 561 18.0 581 19.4
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Non-Adherent in 365

Adherent in 365

Variable days (n=3,110) days (n=2,997) P value
N Col % N Col %
Row % Row %
| 49.1 50.9

*sd denotes standard deviation; Col, column; HMO, health maintenance
organization; PPO, preferred provider organization; ICS, inhaled corticosteroid;
LABA, long-acting beta agonist; LAMA, long-acting muscarinic agent; SABA, short-

acting beta agonist; and PDC, proportion of days covered.

2 adjusted to 2010 US $
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comorbid chronic conditions (79% vs 75.5%, p<0.001) and comorbid pain conditions
(73.8% vs 71.7%, p<0.0001). However, the mean D-CCI scores were not significantly
different between adherent and non-adherent COPD patients (1.8 + 1.3 vs 1.7 + 1.2,
p=0.297).

Unadjusted logistic regression analyses:

Table 33 provides the results of the unadjusted logistic regression analysis of the
odds of being adherent to COPD maintenance medications in one-year follow-up period
for Specific Aim 2. In the unadjusted logistic regression analysis, long-term prescription
opioid users were found to have 0.68 times (95% CI 0.52-0.88, p=0.003) significantly
lower odds of being adherent to their COPD maintenance medications in the one-year
follow-up period as compared to non-opioid users. D-CCI, number of comorbid pain
conditions, and total all-cause healthcare expenditures were found significant at p<0.2
and were considered in the multiple logistic regression analysis.

Multiple logistic regression analyses:

Table 34 provides the results of the adjusted multiple logistic regression analysis
of the odds of being adherent to COPD maintenance medications in one-year follow-up
period, for Specific Aim 2. The overall model was statistically significant (Wald’s
x?=26.3, df=7, p=0.0004). The significant impact of long-term prescription opioid use in
the unadjusted logistic regression analysis persisted in the multiple logistic regression
analysis after adjusting for other factors. Long-term prescription opioid users were found
to have 0.63 times (95% CI 0.46-0.88, p=0.005) significantly lower odds of being
adherent to their COPD maintenance medications in one-year follow-up period as

compared to non-opioid users, independent of other predictors. D-CCI, type of index
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Table 33: Unadjusted logistic regression predicting the odds of being adherent to
COPD maintenance medications in one-year follow-up

Variable Point Estimate 95% Confidence Interval P-Value
Sociodemographic characteristics
Metropolitan Rural Reference
Statistical
Area
Urban 0.79 0.51 1.21 0.28
Region Northeast Reference
North Central 0.79 0.45 1.39 0.41
South 0.71 0.40 1.23 0.22
West 0.55 0.26 1.20 0.22
Insurance Health maintenance Reference
Plan Type organization
Preferred provider 0.80 0.46 1.38 0.42
organization
Other 1.30 0.71 2.40 0.4
Clinical characteristics
Prescription No use Reference
opioid use
Long-term 0.68 0.52 0.88 0.003
Deyo- 0.88 0.77 1.00 0.05
Charlson
Comorbidity
Index
Number of 0 Reference
pain
conditions
1 1.05 0.64 1.74 0.84
2 0.70 0.44 1.12 0.14
Number of 0 Reference
comorbid
conditions
1 0.86 0.49 1.51 0.6
2 0.79 0.44 1.42 0.43
Type of index | ICS+LABA Reference
maintenance
medication
LAMA+LABA or 2.42 0.56 10.50 0.24
LAMA+ICS
ICS+LABA+LAMA 211 1.13 3.97 0.02
ICS or LABA or 2.02 1.31 3.10 0.001
LAMA
Mail-order No Reference
index

170




Variable Point Estimate 95% Confidence Interval P-Value
maintenance
medication
prescription
Yes 1.12 0.77 1.63 0.56
Physician characteristics
Type of Other Reference
physician
visited in the
pre-index
period
Pulmonologist 1.28 0.83 1.98 0.27
Prior utilization characteristics
Total all-cause | <$2,844 Reference
healthcare
expenditures
in the pre-
index period?
$2,844 - $9,838 1.32 0.83 2.11 0.19
>$9,838 0.87 0.52 1.46 0.6

* |CS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of
days covered.

2 adjusted to 2010 US $
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Table 34: Multiple logistic regression predicting the odds of being adherent to
COPD maintenance medications in one-year follow-up

Variable Point Estimate 95% Confidence Interval P-Value
Clinical characteristics
Prescription No use Reference
opioid use
Long-term use 0.63 0.46 0.88 0.005
Deyo- 0.89 0.76 1.04 0.14
Charlson
Comorbidity
Index
Type of index | ICS+LABA Reference
maintenance
medication
LAMA+LABA or 3.33 0.68 16.42 0.14
LAMA+ICS
ICS+LABA+LAMA 2.37 1.21 4.61 0.01
ICS or LABA or 2.18 1.39 3.42 0.0007
LAMA
Prior utilization characteristics
Total all-cause | <$2,844 Reference
healthcare
expenditures
in the pre-
index period?®
$2,844 - $9,838 2.03 1.18 3.5 0.01
>$9,838 1.64 0.85 3.16 0.14

* |ICS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of
days covered.

a adjusted

to 2010 US $
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maintenance medication, and total all-cause healthcare expenditures were retained in
the backwards elimination model at p<0.20.

COPD patients having an index fill of ICS+LABA+LAMA combination had 2.37
times (95% Cl 1.21-4.61, p=0.01) higher odds of being adherent to COPD maintenance
medications compared to having an index fill of ICS+LABA combination, independent of
other factors. Similarly, patients having an index fill of either ICS or LABA or LAMA
alone had 2.18 times (95% CI 1.39-3.42, p=0.0007) significantly higher odds of being
adherent to COPD maintenance medications compared to patients having an index fill
of ICS+LABA combination, independent of other factors. Having pre-index all cause
healthcare expenditures between $2,844 to $9,838 was associated with 2.0 times (95%
CI1.18-3.5, p=0.01) higher odds of being adherent to COPD maintenance medications
compared to having pre-index all cause healthcare expenditures less than $2,844,
independent of other factors.

Results for Specific Aim 3

Specific Aim 3 was to examine the impact of long-term prescription opioid use
(=90-day supply in a one-year period) compared to no prescription opioid use on COPD
exacerbations among a real-world, large sample of COPD patients after adjusting for
other confounders.

Results for Specific Aim 3 A
Baseline characteristics as per Specific Aim 3A:

Specific Aim 3A was to examine the impact of long-term prescription opioid use

(290-day supply in a one-year period) compared to no-opioid use on the number of

severe COPD exacerbations among a real-world, large sample of COPD patients after
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Table 35: Baseline characteristics for Specific Aim 3A

Severe COPD

No severe COPD

Severe COPD

Variable exacerbations exacerbations (n=5,842) exacerbations (n=265) P value
Col % Row Col % Row
mean (xsd) N % N %
Sociodemographic characteristics
Sex Male 0.05 (+0.28) 2,700 46.2 104 39.2 0.03
96.3 3.7
Female 0.06 (+0.28) 3,142 53.8 161 60.8
95.1 49
Age mean (sd) 57.1 years (£5.4) 58.6 years (+4.7) <0.0001
40 — 49 years 0.02 (+0.15) 643 11.0 11 4.2 <0.0001
98.3 1.7
50 — 59 years 0.05 (+0.28) 2,719 46.5 105 39.6
96.3 3.7
>60 years 0.07 (x0.3) 2,480 425 149 56.2
94.3 5.7
'\S"t‘;tt';gfi’g:faAr;ea Urban 0.05 (+0.28) 4,648 79.6 201 75.8 015
95.9 4.1
Rural 0.06 (+0.27) 1,166 20.0 63 23.8
94.9 5.1
Region Northeast 0.06 (+0.28) 918 15.7 44 16.6 0.032
95.4 4.6
North Central 0.06 (+0.29) 2,197 37.6 119 44.9
94.9 5.1
South 0.05 (+0.27) 1,942 33.2 79 29.8
96.1 3.9
West 0.03 (+0.28) 753 12.9 22 8.3
97.2 2.8
Insurance Plan
Type HMO 0.04 (+0.28) 936 16.0 35 13.2 0.41
96.4 3.6
PPO 0.05 (+0.28) 3,280 56.1 157 59.2
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Severe COPD

No severe COPD

Severe COPD

Variable exacerbations exacerbations (n=5,842) exacerbations (n=265) P value
Col % Row Col % Row
mean (xsd) N % N %
95.4 4.6
Other 0.06 (+0.29) 1,601 27.4 70 26.4
95.8 4.2
Clinical characteristics
E;ie;g”lﬁ’;g’” No use 0.05 (+0.26) 5,321 91.1 220 83.0 0.0001
96.0 4.0
Long-term use 0.11 (x0.41) 521 8.9 45 17.0
92.0 8.0
Deyo-Charlson
Comorbidity mean (xsd) 1.7 (£1.2) 2.3 (x1.4) <0.0001
Index
Number of pain | 0.01 (£0.08) 1,650 28.2 11 4.2
conditions ) - ' ' ' <0.0001
99.3 0.7
1 0.06 (+0.29) 2,488 42.6 143 54.0
94.6 5.4
2 0.08 (+0.35) 1,704 29.2 111 41.9
93.9 6.1
Number of
comorbid 0 0.03 (+0.19) 1,351 23.1 37 14.0
conditions <0.0001
97.3 2.7
1 0.03 (+0.20) 2,272 38.9 65 24.5
97.2 2.8
2 0.09 (+0.36) 2,219 38.0 163 61.5
93.2 6.8
Type of index
maintenance ICS+LABA 0.04 (x0.22) 3,069 52.5 119 449
medication 0.08
96.3 3.7
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Severe COPD

No severe COPD

Severe COPD

Variable exacerbations exacerbations (n=5,842) exacerbations (n=265) Pvalue
0, 0,
mean (2sd) N Col &Row N Col &Row
LAMA+LABA or
LAMA+ICS 0.09 (+0.38) 62 11 4 15
93.9 6.1
ICS+LABA+LAMA 0.07 (x0.32) 565 9.7 33 12.5
94.5 5.5
ICS or LABA or LAMA 0.06 (x0.33) 2,146 36.7 109 41.1
95.2 4.8
Mail-order index
maintenance No 0.05 (+0.28) 3,536 60.5 141 53.2
medication
prescription 0.02
96.2 3.8
Yes 0.06 (+0.27) 2,306 39.5 124 46.8
94.9 5.1
Adherence to
COPD-
maintenance Non-adherent if PDC
medications in < 80% 0.04 (+0.24) 1,831 313 73 27.5
the pre-index
period 0.19
96.2 3.8
Adherent if PDC =
80% 0.06 (+£0.29) 4,011 68.7 192 72.5
95.4 4.6
COPD severity indicators
Supplemental
OXygen use in No 0.03 (+0.17) 4,722 80.8 110 41.5
the pre-index
period <0.0001
97.7 2.3
Yes 0.16 (£0.49) 1,120 19.2 155 58.5
87.8 12.2
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Severe COPD

No severe COPD

Severe COPD

Variable exacerbations exacerbations (n=5,842) exacerbations (n=265) P value
Col % Row Col % Row
mean (xsd) N % N %
Sfiﬁ dlfxep'gr}g‘g No 0.03 (+0.23) 2,741 46.9 81 30.6 0.0001
97.1 2.9
Yes 0.07 (#0.32) 3,101 53.1 184 69.4
94.4 5.6
COPD-related
severe
exacerbationsin | 0 0.05 (+0.26) 5,686 97.3 230 86.8
the pre-index
period <0.0001
96.1 3.9
>1 0.26 (+0.63) 156 2.7 35 13.2
81.7 18.3
COPD-related
moderate
exacerbationsin | 0 0.04 (+0.23) 5,063 86.7 187 70.6
the pre-index
period <0.0001
96.4 3.6
>1 0.13 (+0.48) 779 13.3 78 29.4
90.9 9.1
Physician characteristics
Pulmonologist
visit in the pre- No 0.05 (+0.26) 4,312 73.8 166 62.6
index period <0.0001
96.3 3.7
Yes 0.08 (+0.33) 1,530 26.2 99 37.4
93.9 6.1
Prior utilization characteristics
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Severe COPD

No severe COPD

Severe COPD

Variable exacerbations exacerbations (n=5,842) exacerbations (n=265) P value
Col % Row Col % Row
mean (xsd) N % N %
Total all-cause
healthcare
expenditures in mean (xsd) ( +I’35§g'262) ( +1129’858;'9'82) <0.0001
the pre-index T R
period?
<$2,844 0.03 (#0.21) 1,891 32.4 53 20.0 <0.0001
97.3 2.7
$2,844 - $9,838 0.05 (+0.25) 2,893 49.5 128 48.3
95.8 4.2
>$9,838 0.1 (£0.40) 1,058 18.1 84 31.7
92.6 7.4

*sd denotes standard deviation; Col, column; HMO, health maintenance organization; PPO, preferred provider

organization; ICS, inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-acting muscarinic agent; SABA,
short-acting beta agonist; and PDC, proportion of days covered.
@ adjusted to 2010 US $
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adjusting for other confounders. Table 35 provides baseline characteristics of the
included sample of long-term and non-opioid users among COPD patients as per
evidence of severe COPD exacerbation in a one-year follow-up period. Overall, 4.3% of
the included sample of COPD patients experienced a severe COPD exacerbation in a
one-year follow-up period after the index date. A higher percentage of long-term
prescription opioid users experienced a severe COPD exacerbation in a one-year
follow-up period compared to non-opioid users (8% vs 4%, p<0.0001). Also, long-term
prescription opioid users had a higher mean number of severe COPD exacerbation
compared to non-opioid users (0.11 + 0.41 vs 0.05 £ 0.26, p<0.001). A greater
proportion of females, patients older than 50 years, patients having a mail-order index
maintenance medication, patients who used supplemental oxygen, had previous SABA
use, had pre-index severe or moderate exacerbations, had visited a pulmonologist, and
had higher baseline healthcare costs experienced a severe COPD exacerbation in one-
year follow-up period. A higher proportion of patients who had comorbid conditions
experienced a severe COPD exacerbation in one-year follow-up period than patients
who did not have comorbid conditions. Patients who experienced a severe COPD
exacerbation in a one-year follow-up period had higher mean D-CCI scores compared
to patients who did not experience a severe COPD exacerbation (2.3 +1.4vs 1.7 £ 1.2,
p<0.0001). A greater percentage of patients who had comorbid chronic (p>0.0001) or
comorbid pain conditions (p>0.0001) experienced a severe COPD exacerbation in one-
year follow-up period compared to patients who did not have comorbid chronic or pain

conditions.
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Negative binomial regression: Number of severe COPD exacerbation in one-year
follow-up:

In the univariate negative binomial regression analysis, long-term prescription
opioid users were found to have 2.0 times (95% CI, 1.45-2.76, p<0.0001) significantly
higher rate of severe COPD exacerbations in one-year follow-up period. Age group,
sex, metropolitan statistical area, region of residence, comorbid pain and chronic
conditions, type of index COPD maintenance medication, mail-order index maintenance
medication, pulmonologist visit, D-CCI, cost quartile, supplemental oxygen use, SABA
use, and pre-index moderate and severe exacerbation variables were found significantly
associated with the number of severe COPD exacerbation in one-year follow up period
at p<0.2 and were included in the final adjusted multiple negative binomial regression
analysis.

Table 36 presents the results of the final adjusted multiple negative binomial
regression analysis model. After adjusting for other covariates, long-term prescription
opioid use was not significantly associated with number of severe COPD exacerbations
in one-year follow-up period (incidence rate ratio 1.32, 95% CI 0.93-1.87, p=0.12).
Patients 260 years old had 2.06 times (95% CI 1.10-3.85, p=0.02) higher rate of severe
COPD exacerbations compared to patients who were 40-49 years old. Patients residing
in the west had 0.57 times (95% CI 0.34-0.96, p=0.04) lower rate of severe COPD
exacerbations compared to patients who resided in the northeast. Patients having 1 or
=2 number of comorbid pain conditions had 6.0 times (95% CI 3.13-11.47, p<0.0001)
and 6.09 times (95% CI 3.13-11.85, p<0.0001) higher rate of severe COPD

exacerbations compared to patients who did not have any comorbid pain conditions,
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Table 36: Adjusted negative binomial regression
exacerbation in one-year follow-up

: Number of severe COPD

Variable Incidence Rate Ratios | 95% Confidence Interval P value
Sociodemographic
characteristics
Sex Male Reference
Female 1.13 0.87 1.45 0.36
Age 40 — 49 years Reference
50 — 59 years 1.48 0.79 2.79 0.22
260 years 2.06 1.10 3.85 0.02
Metropolitan
Statistical Rural
Area Reference
Urban 0.85 0.64 1.13 0.26
Region Northeast Reference
North Central 0.95 0.67 1.34 0.76
South 0.78 0.54 1.14 0.21
West 0.57 0.34 0.96 0.04
Clinical characteristics
Prescription
= No use
opioid use Reference
Long-term use 1.32 0.93 1.87 0.12
Deyo-
Charlson
Comorbidity
Index 1.04 0.95 1.14 0.43
Number of
pain 0
conditions Reference
1 6.00 3.13 11.47 <0.0001
2 6.09 3.13 11.85 <0.0001
Number of
comorbid 0
conditions Reference
1 0.95 0.63 1.43 0.81
2 1.65 1.10 2.47 0.02
Type of index
maintenance ICS+LABA
medication Reference
LAMA+LABA or
LAMA+ICS 1.04 0.38 2.85 0.94
ICS+LABA+LAMA 1.02 0.69 1.51 0.92
ICS or LABA or
LAMA 1.14 0.87 1.48 0.34
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Variable Incidence Rate Ratios | 95% Confidence Interval P value
|
COPD severity indicators
Supplemental
oxygen use in No
the pre-index
period Reference
Yes 3.55 2.71 4.65 <.0001
SABA use in
the pre-index | No
period Reference
Yes 1.50 1.15 1.97 0.003
COPD-related
severe
exacerbations | 0
in the pre-
index period Reference
21 2.21 1.45 3.37 0.0002
COPD-related
moderate
exacerbations | 0
in the pre-
index period Reference
21 1.45 1.09 1.94 0.01
Physician characteristics
Pulmonologist
visit in the
. No
pre-index
period Reference
Yes 1.09 0.84 1.43 0.51
Prior utilization characteristics
Total all-
cause
healthcare
expenditures
in the pre-
index period® | <$2,844 Reference
$2,844 - $9,838 0.79 0.57 1.11 0.18
>$9,838 0.56 0.37 0.87 0.009

* ICS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of
days covered.

@ adjusted to 2010 US $
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respectively. Patients having 22 number of comorbid chronic conditions had 1.6 times
(95% CI 1.10-2.47, p=0.02) higher rate of severe COPD exacerbations compared to
patients who did not have any comorbid chronic conditions. Patients who had
supplemental oxygen use had 3.55 times (95% CI 2.71-4.65, p<0.0001) higher rate of
severe COPD exacerbations as patients who did not have any supplemental oxygen
use in the pre-index period. Patients who had SABA use had 1.5 times (95% CI 1.15-
1.97, p=0.003) higher rate of severe COPD exacerbations as patients who did not have
any SABA use in the pre-index period. Patients who had high pre-index total healthcare
costs (>$9,838) had 0.56 times (95% CI 0.37-0.8, p=0.009) lower rate of severe COPD
exacerbations as patients who lowest pre-index total healthcare costs (<$2,844) in the
pre-index period. Presence of pre-index COPD exacerbation either severe or moderate
was associated with 2.21 times (95% CI 1.45-3.37, p=0.0002) and 1.45 times (95% CI
1.09-1.94, p=0.01) significantly higher rate of severe COPD exacerbations in the one-
year follow-up compared to not having a pre-index severe or moderate COPD
exacerbation, respectively.

Results for Specific Aim 3B

Baseline characteristics as per Specific Aim 3B:

Specific Aim 3B was to examine the impact of long-term prescription opioid use
(290-day supply in a one-year period) compared to no prescription opioid use on the
number of moderate and severe COPD exacerbations among a real-world, large
sample of COPD patients after adjusting for other confounders. Table 37 provides
baseline characteristics of the included sample of long-term and non-opioid users

among COPD patients according to total moderate and severe COPD exacerbations in
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Table 37: Baseline characteristics for specific aim 3B

Variable Total COPD No COPD exacerbations Total COPD exacerbations P value
exacerbations (n=4,881) (n=1,226)
mean (xsd) N Col % Row N Col % Row
% %
Sociodemographic characteristics
Sex Male 0.29 (+0.84) 2,296 47.0 508 41.4 0.0004
81.9 18.1
Female 0.35 (+0.87) 2,585 53.0 718 58.6
78.3 21.7
Age mean (xsd) 57.0 years (£5.5) 57.9 years (£5.0) <0.0001
40 — 49 years 0.20 (+0.55) 559 11.5 95 7.7 <0.0001
85.5 14.5
50 — 59 years 0.32 (+0.86) 2,270 46.5 554 45.2
80.4 19.6
260 years 0.36 (£0.90) 2,052 42.0 577 47.1
78.1 21.9
Metropolitan Urban 0.32 (x0.86) 3,896 79.8 953 7.7 0.14
Statistical Area
80.3 19.7
Rural 0.34 (+0.85) 964 19.8 265 21.6
78.4 21.6
Region Northeast 0.32 (+0.88) 779 16.0 183 14.9 0.08
81.0 19.0
North Central 0.35 (0.89) 1,824 37.4 492 40.1
78.8 21.2
South 0.32 (+0.87) 1,612 33.0 409 33.4
79.8 20.2
West 0.30 (+0.66) 642 13.2 133 10.8
82.8 17.2
Insurance Plan HMO 0.32 (+0.85) 780 16.0 191 15.6 0.67
Type
80.3 19.7
PPO 0.32 (+0.82) 2,735 56.0 702 57.3
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Variable Total COPD No COPD exacerbations Total COPD exacerbations P value
exacerbations (n=4,881) (n=1,226)
mean (xsd) N Col % Row N Col % Row
% %
79.6 20.4
Other 0.33 (£0.86) 1,347 27.6 324 26.4
80.6 19.4
Clinical characteristics
Prescription No use 0.31 (x0.82) 4,465 91.5 1,076 87.8 <0.0001
opioid use
80.6 19.4
Long-term use 0.50 (#1.14) 416 8.5 150 12.2
73.5 26.5
Deyo-Charlson mean (xsd) 1.7 (x1.2) 1.9 (x1.3) 0.0002
Comorbidity
Index
Number of pain 0 0.16 (x0.50) 1,461.00 29.9 200 16.3 <0.0001
conditions
88.0 12.0
1 0.36 (£0.85) 2,033.00 41.7 598 48.8
77.3 22.7
2 0.43 (£1.07) 1,387.00 28.4 428 34.9
76.4 23.6
Number of 0 0.24 (x0.70) 1,166 23.9 222 18.1 <0.0001
comorbid
conditions
84.0 16.0
1 0.27 (£0.73) 1,917 39.3 420 34.3
82.0 18.0
2 0.42 (£1.02) 1,798 36.8 584 47.6
75.5 24.5
Type of index ICS+LABA 0.28 (+0.71) 2,592 53.1 596 48.6 0.03
maintenance
medication
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Variable Total COPD No COPD exacerbations Total COPD exacerbations P value
exacerbations (n=4,881) (n=1,226)
mean (xsd) N Col % Row N Col % Row
% %
81.3 18.7
LAMA+LABA or 0.53 (+1.08) 49 1.0 17 1.4
LAMA+ICS
74.2 25.8
ICS+LABA+LAMA 0.42 (+1.09) 466 9.5 132 10.8
77.9 22.1
ICS or LABA or LAMA 0.36 (+0.95) 1,774 36.3 481 39.2
78.7 21.3
Mail-order index | No 0.33 (x0.88) 2,949 60.4 728 59.4 0.51
maintenance
medication
prescription
80.2 19.8
Yes 0.32 (+0.80) 1,932 39.6 498 40.6
79.5 20.5
Adherence to Non-adherent if PDC 0.27 (z0.70) 1,547 31.7 357 29.1 0.08
COPD- < 80%
maintenance
medications in
the pre-index
period
81.3 18.8
Adherent if PDC = 0.35 (+0.91) 3,334 68.3 869 70.9
80%
79.3 20.7
COPD severity indicators
Supplemental No 0.20 (£0.58) 4,112 84.2 720 58.7 <0.0001
oxygen use in
the pre-index
period
85.1 14.9
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Variable Total COPD No COPD exacerbations Total COPD exacerbations P value
exacerbations (n=4,881) (n=1,226)
mean (xsd) N Col % Row N Col % Row
% %
Yes 0.78 (+1.40) 769 15.8 506 41.3
60.3 39.7
SABA use inthe | No 0.22 (+0.65) 2,401 49.2 421 34.3 <0.0001
pre-index period
85.1 14.9
Yes 0.41 (x0.99) 2,480 50.8 805 65.7
75.5 24.5
COPD-related 0 0.31 (+0.80) 4,775 97.8 1,141 93.1 <0.0001
severe
exacerbations in
the pre-index
period
80.7 19.3
21 1.20 (£1.77) 106 2.2 85 6.9
55.5 44.5
COPD-related 0 0.22 (+0.60) 4,396 90.1 854 69.7 <0.0001
moderate
exacerbations in
the pre-index
period
83.7 16.3
=1 0.94 (£1.60) 485 9.9 372 30.3
56.6 43.4
Physician characteristics
Pulmonologist No 0.29 (+0.80) 3,625 74.3 853 69.6 0.0009
visit in the pre-
index period
81.0 19.0
Yes 0.41 (x0.98) 1,256 25.7 373 30.4
77.1 22.9
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Variable Total COPD No COPD exacerbations Total COPD exacerbations P value
exacerbations (n=4,881) (n=1,226)
mean (xsd) N Col % Row N Col % Row
| % %
Prior utilization characteristics
Total all-cause mean (xsd) 7,397.7 9,255.1 <0.0001
healthcare (x13,872.3) (+14,139.3)
expenditures in
the pre-index
period?®
<$2,844 0.22 (+0.57) 1,618 33.1 326 26.6 <0.0001
83.2 16.8
$2,844 - $9,838 0.31 (+0.84) 2,437 49.9 584 47.6
80.7 19.3
>$9,838 0.54 (x1.19) 826 16.9 316 25.8
72.3 27.7

*sd denotes standard deviation; Col, column; HMO, health maintenance organization; PPO, preferred provider
organization; ICS, inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-acting muscarinic agent; SABA,
short-acting beta agonist; and PDC, proportion of days covered.

2 adjusted to 2010 US $
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a one-year follow-up period. Overall, 20.1% of the included sample of COPD patients
experienced either a moderate or severe COPD exacerbation in a one-year follow-up
period after the index date. A higher percentage of long-term prescription opioid users
experienced a moderate or severe COPD exacerbation in a one-year follow-up
compared to non-opioid users (26.5% vs 19.4%, p<0.0001). Long-term prescription
opioid users had a higher mean number of moderate and severe COPD exacerbations
compared to non-opioid users (0.50+1.14 vs 0.31+0.82, p=0.0003). A higher percentage
of females, patients older than 50 years, patients who used supplemental oxygen, had
previous SABA use, had pre-index severe or moderate exacerbations, had visited a
pulmonologist, and had higher baseline healthcare costs experienced a moderate or
severe COPD exacerbation in one-year follow-up period. A higher proportion of patients
who had comorbid conditions experienced a moderate or severe COPD exacerbation in
one-year follow-up period than patients who did not have comorbid conditions. Patients
who experienced a moderate or severe COPD exacerbation in a one-year follow-up had
higher mean D-CCI scores compared to patients who did not experience a moderate or
severe COPD exacerbation (1.9 £ 1.3 vs 1.7 £ 1.2, p=0.0002). A higher percentage of
patients who had comorbid chronic (p>0.0001) or comorbid pain conditions (p>0.0001)
experienced a moderate or severe COPD exacerbation in one-year follow-up period
compared to patients who did not have comorbid chronic or pain conditions.
Negative binomial regression: Number of moderate and severe COPD
exacerbations in one-year follow-up

In the univariate negative binomial regression analysis, long-term prescription

opioid users were found to have 1.36 times (95% ClI, 1.15-1.62, p=0.0004) higher
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number of moderate and severe COPD exacerbations in one-year follow-up period. Age
group, sex, metropolitan statistical area, comorbid pain and chronic conditions, type of
index COPD maintenance medication, pulmonologist visit, D-CCI, cost quartile, pre-
index maintenance medication adherence, supplemental oxygen use, SABA use, and
pre-index moderate and severe exacerbation variables were found statistically
significantly associated with number of moderate and severe COPD exacerbation in
one-year follow up at p<0.2. These variables were included in the final adjusted multiple
negative binomial regression analysis.

Table 38 presents the results of the final multiple negative binomial regression
analysis model. After adjusting for other covariates, long-term prescription opioid use
was not significantly associated with number of moderate and severe COPD
exacerbations in one-year follow-up period (incidence rate ratio 1.12, 95% CI 0.93-1.35,
p=0.23). Patients having 1 or 22 number of comorbid pain conditions had 1.53 times
(95% CI 1.30-1.81, p<0.0001) and 1.51 times (95% CI 1.26-1.82, p<0.0001) higher rate
of moderate and severe COPD exacerbations as patients who did not have any
comorbid pain conditions, respectively. Patients having 22 number of comorbid chronic
conditions had 1.34 times (95% CI 1.12-1.60, p=0.002) higher rate of moderate and
severe COPD exacerbations as patients who did not have any comorbid chronic
conditions. Patients who had supplemental oxygen use had 2.12 times (95% CI 1.87-
2.41, p<0.0001) higher rate of moderate and severe COPD exacerbations as patients
who did not have any supplemental oxygen use in the pre-index period. Patients who
had SABA use had 1.35 times (95% CI 1.20-1.53, p<0.0001) higher rate of moderate

and severe COPD exacerbations as patients who did not have any SABA use in the
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Table 38: Adjusted negative binomial regression: Number of moderate and severe
COPD exacerbation in one-year follow-up

Variable Incidence Rate Ratios Confidence Interval P value

Sociodemographic
characteristics

Sex Male Reference
Female 1.09 0.97 1.23 0.15
Age 40 — 49 years Reference
50 — 59 years 1.14 0.91 1.42 0.25
=60 years 1.22 0.98 1.53 0.08
Metropolitan Rural Reference
Statistical
Area
Urban 0.96 0.84 1.11 0.6
Clinical characteristics
Prescription No use Reference
opioid use
Long-term use 1.12 0.93 1.35 0.23
Deyo- 0.97 0.92 1.02 0.2
Charlson
Comorbidity
Index
Number of 0 Reference
pain
conditions
1 1.53 1.30 1.81 <.0001
2 1.51 1.26 1.82 <.0001
Number of 0 Reference
comorbid
conditions
1 1.07 0.91 1.27 0.4
2 1.34 1.12 1.60 0.002
Type of index | ICS+LABA Reference
maintenance
medication
LAMA+LABA or 1.06 0.65 1.73 0.8
LAMA+ICS
ICS+LABA+LAMA 0.98 0.81 1.19 0.83
ICS or LABA or 1.09 0.96 1.23 0.17
LAMA

COPD severity indicators

Supplemental | No Reference
oxygen use in
the pre-index
period
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Variable Incidence Rate Ratios Confidence Interval P value

Yes 2.12 1.87 2.41 <.0001
SABA use in No Reference
the pre-index
period
Yes 1.35 1.20 1.53 <.0001
COPD-related | 0 Reference
severe
exacerbations
in the pre-
index period
>1 1.21 0.95 1.55 0.13
COPD-related | O Reference
moderate
exacerbations
in the pre-
index period
21 2.03 1.78 2.32 <.0001

Physician characteristics

Pulmonologist | No Reference
visit in the pre-
index period
Yes 0.94 0.83 1.07 0.36

Prior utilization characteristics

Total all-cause | <$2,844 Reference

healthcare

expenditures

in the pre-

index period?®
$2,844 - $9,838 0.85 0.73 0.98 0.02
>$9,838 0.82 0.68 0.99 0.04

* |ICS denotes inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-
acting muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of
days covered.

@ adjusted to 2010 US $
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pre-index period. Patients who had moderate ($2,844-$9,838) and high (>$9,838) pre-
index total healthcare costs had 0.85 times (95% CI 0.73-0.98, p=0.02) and 0.82 times
(95% CI 0.68-0.99, p=0.04) lower rate of moderate and severe COPD exacerbations as
patients who lowest pre-index total healthcare costs (<$2,844) in the pre-index period.
Patients who had pre-index moderate COPD exacerbation were associated with 2.03
times (95% CI 1.78-2.32, p<0.0001) higher rate of moderate and severe COPD
exacerbations in the one-year follow-up compared to patients not having a pre-index
moderate COPD exacerbation.

Results for Specific Aim 4

Specific Aim 4 was to examine the impact of long-term prescription opioid use
(=90-day supply in a one-year period) compared to no prescription opioid use on all-
cause total healthcare costs (prescription medication and medical costs) among a real-
world, large sample of COPD patients after adjusting for other confounders. Table 40
provides the unadjusted all-cause total healthcare costs for long-term prescription opioid
users and non-opioid users. The unadjusted costs for long-term prescription opioid
users were significantly higher than non-opioid users (p<0.0001).

In the unadjusted univariate regression analysis type of health insurance plan,
number of comorbid pain and chronic conditions, type of index maintenance medication,
whether mail-order index maintenance medication, D-CCI, visit to a pulmonologist, cost
quartiles, age groups, pre-index adherence to maintenance medications, supplemental
oxygen use, SABA use, and history of severe and moderate COPD exacerbations were

found significant at p<0.20 and were included in the multiple regression analysis.
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Table 39: Unadjusted all-cause total healthcare costs for long-term prescription

opioid users and non-opioid users

Non-opioid user Long-term opioid p-value
user
Mean (SD) 14,686.09 37,402.29 <0.0001
(21,229.42) (40,537.40)
Median (IQR) 9,794 24,501.50 <0.0001
(10,283) (28,956)
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Generalized linear model with a gamma distribution and a log link function was used to
calculate adjusted all-cause total healthcare costs for long-term prescription opioid
users and non-opioid users. The adjusted all-cause total healthcare costs were
significantly higher for long-term prescription opioid users compared to non-opioid users
[23,996 (1,106.22) vs 13,947 (512.67), p<0.0001]. Results of adjusted regression

analysis for all-cause total healthcare costs are presented in Table 41.
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Table 40: Adjusted all-cause total healthcare costs using generalized linear model
with a gamma distribution and log-link function

Variable Coefficient Confidence Interval P value
Sociodemographic
characteristics
Sex Male Reference
Female
Age 40 — 49 years Reference
50 — 59 years 0.11 0.0468 0.1687 0.0005
=60 years 0.14 0.0760 0.2011 <0.0001
Metropolitan Rural Reference
Statistical
Area
Urban
Insurance HMO Reference
Plan Type
PPO -0.01 -0.0650 0.0375 0.60
Other 0.06 0.0053 0.1191 0.03
Clinical characteristics
Prescription No use Reference
opioid use
Long-term use 0.57 0.5034 0.6345 <0
0001
Deyo- 0.11 0.0926 0.1285 <0.0001
Charlson
Comorbidity
Index
Number of 0 Reference
pain
conditions
1 0.18 0.1365 0.2261 <0.0001
2 0.32 0.2646 0.3679 <0.0001
Number of 0 Reference
comorbid
conditions
1 0.15 0.1049 0.2003 <0.0001
2 0.40 0.3444 0.4540 <0.0001
Type of index | ICS+LABA Reference
maintenance
medication
LAMA+LABA or 0.24 0.0621 0.4104 0.008
LAMA+ICS
ICS+LABA+LAMA 0.01 -0.0580 0.0680 0.88
ICS or LABA or -0.00 -0.0397 0.0379 0.96
LAMA
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Variable Coefficient Confidence Interval P value

Mail-order No Reference
index
maintenance
medication

Yes 0.10 0.0605 0.1376 <0.0001
COPD severity indicators
Supplemental | No Reference
oxygen use in
the pre-index
period

Yes 0.31 0.27 0.36 <0.0001
Adherent to No Reference
maintenance
medication in
the pre-index
period

Yes 0.07 0.03 0.11 0.0006
SABA use in No Reference
the pre-index
period

Yes 0.05 0.01 0.08 0.009
COPD-related | 0 Reference
severe
exacerbations
in the pre-
index period

>1 -0.26 -0.37 -0.15 <0.0001
COPD-related | 0 Reference
moderate
exacerbations
in the pre-
index period

>1 0.02 -0.03 0.08 0.38
Physician characteristics
Pulmonologist | No Reference
visit in the pre-
index period

Yes 0.04 -0.0032 0.0807 0.07
Prior utilization characteristics
Total all-cause | <$2,844 Reference
healthcare
expenditures
in the pre-
index period?

$2,844 - $9,838 0.33 0.2885 0.3728 <0.0001
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Variable Coefficient Confidence Interval P value
| >$9,838 0.76 0.698 | 0.8180 <0.0001

* HMO denotes health maintenance organization; PPO, preferred provider organization;
ICS, inhaled corticosteroid; LABA, long-acting beta agonist; LAMA, long-acting

muscarinic agent; SABA, short-acting beta agonist; and PDC, proportion of days
covered.

2 adjusted to 2010 US $
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CHAPTER 5 DISCUSSION

This chapter provides a discussion on the findings of the study. Results of the
study are discussed as per the specific aims. The discussion of the results is followed
by the limitations of the study along with proposals on how future studies should be
conducted based on the strengths and limitations of the current study. Finally, the
implications and final conclusions of the study results are discussed.

Discussion for Specific Aim 1

Prescription opioid users and non-users differed significantly in terms of their
baseline characteristics prior to matching. The mean age of prescription opioid users
was significantly lower than non-opioid users (Table 13), and a greater percentage of
prescription opioid users were females. The variables sex, age, metropolitan statistical
area (MSA), region, Deyo-Charlson Comorbidity Index (D-CCI), number of pain and
chronic comorbid conditions, mail-order index maintenance medications, adherence to
maintenance medications in the pre-index period, supplemental oxygen use, moderate
COPD exacerbations, pulmonologist visits in the pre-index period and pre-index total
all-cause healthcare expenditures were all statistically significantly different between
prescription opioid users and non-users prior to matching (Table 13).

After matching, the matched variables, age, sex, adherence to maintenance
medications in the pre-index period, supplemental oxygen use, SABA use, moderate
and severe COPD exacerbations, and comorbid asthma were similar between
prescription opioid users and non-users (Table 14). Most of the baseline characteristics
were equally distributed between matched groups of prescription opioid users and non-

users among COPD patients. However, there were certain important difference between
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prescription opioid users and non-users after matching. The significant difference
between prescription opioid users and non-users in terms of the number of comorbid
conditions persisted after matching. The mean D-CCI score among prescription opioid
users was significantly higher compared to non-opioid users (2.0 +1.5vs 1.7 £ 1.2,
p<0.0001) after matching (Table 14). Higher mean D-CCI score signifies that
prescription opioid users had higher number of comorbid conditions at baseline
compared to non-opioid users. Similarly, a significantly higher percentage of
prescription opioid users had =1 comorbid chronic condition (82% vs 76.3%, p<0.0001)
and =1 comorbid pain condition (86% vs 70.7%, p<0.0001) compared to non-opioid
users. Higher mean number of comorbid conditions may signify that prescription opioid
users were overall more complex patients and these differences may translate into poor
health care outcomes such as higher healthcare resource utilization and its associated
costs, and higher mortality as compared to non-opioid users. Significantly different
variables between prescription opioid users and non-users, after matching, were
considered in the multiple regression models for all specific aims to adjust for their
impact on the study outcomes.

Specific Aim 1 was to examine the impact of prescription opioid use compared to
no prescription opioid use on adherence to COPD maintenance medications, over four
different time periods, among a real-world, large sample of COPD patients after
adjusting for other confounders. Adherence to COPD maintenance medications was
assessed over 90 days, 180 days, 270 days and 365 days follow-up periods.

Overall, 59.4% of the included matched sample of COPD patients were adherent

(defined as PDC =0.8) to their COPD maintenance medications in the 90-day follow-up
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period after the index date. However, as the follow-up period increased from 90 days up
to 365 days the number of people adherent to their COPD maintenance medications
decreased. Nearly half (50.9%) of the included matched sample of COPD patients were
adherent to their COPD maintenance medications in the 180-day follow-up period after
the index date. In the 270-day follow-up period, this number decreased to less than half
(47.3%) of the included matched sample of all COPD patients. About 54% of the
included matched sample of COPD patients were found to be non-adherent to COPD
maintenance medications in the 365-day follow-up period after the index date which is
high, however not surprising. This means that about 54% of COPD patients were not
receiving optimal long-term controller medication therapy to manage their COPD
symptoms. Previous studies have reported that about 60% of COPD patients exhibit
poor adherence to COPD treatment and even more do not use their inhalers correctly*6-
48,143,144 Thus, the high non-adherence to controller medication among COPD patients
observed in the current study is comparable to previous studies among COPD patients.
Also, COPD patients commonly have chronic comorbidities which may lower the
adherence to COPD maintenance medications®4445, Similarly, in the current study
about 79% of the overall COPD patients had at least one comorbid chronic condition.

In the current study, prescription opioid users were found to have lower
adherence to COPD maintenance medications compared to non-opioid users in all the
four follow-up time periods (Table 41) and the differences were statistically significant.
As the follow-up time increased from 90 days up to 365 days the adherence levels

decreased for both prescription opioid users and non-opioid users. When prescription
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Table 41: Adherence to COPD maintenance medications among prescription
opioid users and non-opioid users among COPD patients in the four different

follow-up periods

Adherent to COPD Maintenance Medications

(PDC=0.8)
Follow-up period Prescription Non-opioid user P-Value
opioid user (n=5,541)
(n=5,541)
90-day follow-up period 49.2% 69.5% <0.0001
180-day follow-up period 45.3% 56.6% <0.0001
270-day follow-up period 43.3% 51.2% <0.0001
365-day follow-up period 42.1% 49.7% <0.0001
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opioid use was further classified as >30-day supply of prescription opioids and <30-day
supply of prescription opioids (sub-group analyses), the adherence levels for both the
groups of prescription opioid users remained lower than non-opioid users in all the four
follow-up time periods (Table 42). The classification of prescription opioid use as >30-
day supply and <30-day supply has been utilized in a previously published peer-review
study conducted among a sample of VA patients4®,

In the multivariate regression analyses, prescription opioid users were found to
have significantly lower odds of being adherent to their COPD maintenance medications
in the 90-day follow-up period as compared to non-opioid users, independent of other
predictors. This association remained significant when other follow-up times were
assessed as well (Table 43). Similar results were observed in the sub-group analyses
for Specific Aim 1 where use of prescription opioids was further classified as > 30-day
supply of prescription opioids and < 30-day supply of prescription opioids (Table 44).

Although we matched prescription opioid users and non-opioid users on various
confounders reported in Table 10, it is important to consider that there were certain
baseline characteristics that varied significantly between prescription opioid users and
non-opioid users. Prescription opioid users and non-opioid users differed significantly on
the presence of baseline comorbidities. Overall, a higher percentage of prescription
opioid users were found to have comorbidities as compared to non-opioid users. The
mean D-CCI score among prescription opioid users was significantly higher compared
to non-opioid users (2.0 £ 1.5 vs 1.7 £ 1.2, p<0.0001). Significantly different baseline

characteristics between prescription opioid users and non-users among COPD patients
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Table 42: Adherence to COPD maintenance medications among prescription
opioid users and non-opioid users among COPD patients in the four different

follow-up periods as per Specific Aim 1 sub group analyses

Adherent to COPD Maintenance Medications (PDC20.8)

period

Follow-up period < 30-day > 30-day Non- P-
supply of supply of opioid Value
prescription prescription user
opioids opioids

90-day follow-up period 49.1% 50.2% 69.5% <0.0001
180-day follow-up 45.2% 45.7% 56.6% <0.0001
period

270-day follow-up 43.3% 43.4% 51.2% <0.0001
period

365-day follow-up 42.3% 41.4% 49.7% <0.0001
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Table 43: Summary of the logistic regression results of the odds of being
adherent to COPD maintenance medications among prescription opioid users
and non-opioid users among COPD patients in the four different follow-up

periods
Prescription Opioid use Point estimate 95% Confidence P-Value
interval

No Use Reference

Use in the following periods:

90-day follow-up period 0.29 (0.26 — 0.37) <0.0001
180-day follow-up period 0.55 (0.50-0.61) <0.0001
270-day follow-up period 0.66 (0.60 -0.73) <0.0001
365-day follow-up period 0.69 (0.63-0.76) <0.0001

*Adjusted for other covariates
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Table 44: Summary of the logistic regression results of the odds of being
adherent to COPD maintenance medications among prescription opioid users
and non-opioid users among COPD patients in the four different follow-up
periods as per Specific Aim 1 sub group analyses

Prescription Opioid Point estimate 95% Confidence P-Value
use interval
No Use Reference
Use in the following
periods:
90-day follow-up < 30-day supply of 0.30 (0.26 — 0.34) <0.0001
period prescription opioids
> 30-day supply of 0.32 (0.23 - 0.44) <0.0001
prescription opioids
180-day follow-up < 30-day supply of 0.55 (0.50 - 0.61) <0.0001
period prescription opioids
> 30-day supply of 0.58 (0.46 —0.72) <0.0001
prescription opioids
270-day follow-up < 30-day supply of 0.66 (0.59 —0.73) <0.0001
period prescription opioids
> 30-day supply of 0.68 (0.56 — 0.83) 0.0001
prescription opioids
365-day follow-up < 30-day supply of 0.69 (0.62 —0.77) <0.0001
period prescription opioids
> 30-day supply of 0.71 (0.59 —0.85) 0.0003
prescription opioids

*Adjusted for other covariates

206




were adjusted in the multivariate regression analyses.

Similarly, a significantly higher percentage of prescription opioid users had =1
comorbid chronic condition (82% vs 76.3%, p<0.0001) and =1 comorbid pain condition
(86% vs 70.7%, p<0.0001) compared to non-opioid users. Having a higher number of
comorbid chronic conditions and specifically pain conditions could translate into higher
need for prescription opioids to alleviate pain among these patients. In the 2015
Medicare Payment Advisory Commission report, the committee reported that concurrent
use of prescription opioids may have adverse effects including unintentional overdoses
which may interfere with treatment of comorbid conditions#6. Along with having a high
number of comorbid conditions and use of prescription opioids for treatment of pain
conditions the use of prescription opioids may translate into lower adherence among
COPD patients using prescription opioids as observed in this study.

In summary, concurrent prescription opioid use among COPD patients using
maintenance medications was found to be associated with lower medication adherence
to COPD-related maintenance medications compared to non-opioid users. This
association was significant in all the four follow-up time periods (90 days, 180 days, 270
days, and 365 days).

Discussion for Specific Aim 2

Specific Aim 2 was to examine the impact of long-term prescription opioid use
(290-day supply in a one-year period) compared to no prescription opioid use on
adherence to COPD maintenance medications among a real-world, large sample of
COPD patients after adjusting for other confounders. For Specific Aims 2 to 4, only

long-term prescription opioid users among COPD patients were included in the

207



analyses, and COPD patients with <90-day supply of prescription opioids in a one-year
follow-up period were excluded. The control group of non-opioid users among COPD
patients however, remained the same.

Although long-term prescription opioid users had similar characteristics as overall
prescription opioid users among COPD patients there were certain characteristics which
differed between long-term prescription opioid users and non-opioid users which were
not significantly different in the matched sample of overall prescription opioid users and
non-opioid users. Supplemental oxygen use, SABA use and severe COPD
exacerbations in the pre-index period which were similar between overall prescription
opioid users and non-opioid users among COPD patients were however, significantly
different between long-term prescription opioid user and non-opioid users among COPD
patients (Table 31). A higher percentage of long-term prescription opioid users had
supplemental oxygen use (28.1% vs 20.1%, p<0.0001), SABA use (59% vs 53.3%,
p=0.009), and severe COPD exacerbations (5.3% vs 2.9%, p=0.002) compared to non-
opioid users among COPD patients.

Similar to any prescription opioid users, long-term prescription opioid users had a
significantly higher number of mean comorbid conditions compared to non-opioid users.
The mean D-CCI score among long-term prescription opioid users was significantly
higher compared to non-users of prescription opioids (2.4 £ 1.8 vs 1.7 + 1.2, p<0.0001).
Similarly, a higher proportion of long-term prescription opioid users had presence of one
or more comorbid chronic conditions (86.6% vs 76.3%, p<0.0001) and comorbid pain

conditions (93.5% vs 70.7%, p<0.0001).
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Similar to any prescription opioid users in Specific Aim 1, a smaller percentage of
long-term prescription opioid users were adherent to their COPD maintenance
medications as compared to non-opioid users (42.6% vs 49.7%, p=0.001) (Table 32).
Long-term prescription opioid users were found to have 0.63 times (95% CI 0.46-0.88,
p=0.005) significantly lower odds of being adherent to their COPD maintenance
medications in one-year follow-up period as compared to non-opioid users, independent
of other predictors (Table 34).

Rose A et al, 2009 conducted a study among patients with diabetes mellitus to
assess the impact of chronic prescription opioid use versus no use of prescription
opioids on clinical end-points associated with treatment of diabetes!4’. Older diabetes
patients were identified from the Veteran Affairs (VA) Medicare database from 2004.
The authors defined chronic prescription opioid use as 2 6 fills of prescription opioid in a
one-year period. Rose A and colleagues reported that diabetes patients using
prescription opioids on a chronic basis had 0.90 (95% ClI, 0.84 — 0.96) significantly
lower odds of having glycosylated hemoglobin (A1C) control compared to diabetes
patients who had not received any prescription opioids*4’. Similarly, the odds of low-
density lipoprotein cholesterol (LDL-C) control was also statistically significantly lower
(OR 0.87; 95% CI, 0.82 — 0.94) among diabetes patients using prescription opioids on a
chronic basis compared to diabetes patients not using prescription opioids. The authors
believed that diabetes patients concurrently using prescription opioids on a chronic
basis are likely to be distracted and concerned about their use of prescription opioids
which may affect their diabetes performance4’. Their reasoning was based on a

previous study by Krein et al which showed that presence of chronic pain among patient
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with diabetes may distract them from adhering to medications'*®. Although Rose A et al,
2009 study did not assess the impact of prescription opioid use on adherence to
diabetes medications, the association of long-term prescription opioid use and poor
medication adherence among COPD patients, as observed in the current study, may
likely be explained by distraction due to prescription opioid use as proposed by Krein et
al and Rose A et al'47:148,

Jeevanjee S and colleagues conducted a study to identify the association
between prescription opioid use and misuse and adherence to antiretrovirals (ARV)
among HIV-infected patients!4°. The authors interviewed 258 HIV-infected patients and
classified opioid use as self-reported use of physician prescribed opioids and further
identified misuse of prescription opioids. Adherence to ARVs was reported in the 7 days
before the study interview. The authors reported that receipt of prescription opioids
among HIV-infected patients was not significantly associated with adherence to ARVSs.
However, misuse of prescription opioids was associated with statistically significantly
higher odds (OR 1.47; 95% CI 1.06 — 2.03; p 0.022) of suboptimal adherence to
ARVs!# 1t is important to consider that study was conducted among lower income HIV
patients recruited from homeless shelters, free meal program and single room
occupancy hotels. Medication adherence was reported and measure over a period of 7
days. The current study was conducted among commercially insured patients enrolled
in employer sponsored healthcare plans and adherence to COPD maintenance
medications was assessed over 365-day follow-up period after the initiation of
prescription opioids. Due to the administrative claims nature of the data utilized in the

current study prescription opioid misuse could not be assessed. Also, patients are more
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likely to misuse prescription opioids when taken on a long-term basis as assessed in the
current study?’. COPD patients taking prescription opioids on a long-term basis may
likely misuse prescription opioids which may explain the non-adherence to COPD
maintenance medications observed in the study.

Although there is established validity for the use of prescription opioids acutely,
there is little evidence for their use on a long-term basis for conditions other than
cancer'?-15, A Cochrane literature review of studies assessing safety, efficacy and
effectiveness of long-term prescription opioid use in chronic non-cancer pain (CNCP)
patients reported that there was very limited evidence for clinically meaningful amount
of alleviation of pain associated with long-term use of prescription opioids'3. Despite
lacking evidence for effectiveness, the use of prescription opioids on a long-term basis
is highly prevalent in the US population. Overall, about 11 million people in 2005 were
prescribed long-term prescription opioid therapy?’. In the current study, a total of 566
COPD patients on maintenance medications were classified as long-term prescription
opioid users, representing 10.2% of all matched COPD prescription opioid users.
Vozoris et al, 2016 have warned that COPD patients using prescription opioids may
suffer from adverse respiratory effects from opioid use expressed through various
mechanisms such as “respiratory depression, reduced mucous clearance through
cough suppression, and immunosuppressive effects”®*.

In the current study long-term use of prescription opioids was found to be
significantly associated with lower adherence to COPD maintenance medications,
independent of other factors. This association could be explained due to various

theories mentioned above. Use of prescription opioids on a long-term basis may distract
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patients from adhering to COPD maintenance medications as hypothesized by Krein et
al and Rose A et al among diabetes patients using prescription opioids!4”:148, COPD
patients taking prescription opioids on a long-term basis may likely misuse prescription
opioids, as reported by Jeevanjee S et al among HIV patients, which may explain the
non-adherence to COPD maintenance medications observed in the study!4°. Also,
COPD patients taking prescription opioids on a long-term basis may suffer from adverse
respiratory effects from opioid use expressed through various mechanisms such as
“respiratory depression, reduced mucous clearance through cough suppression, and
immunosuppressive effects” which may impact their medication adherence®. As this is
the first study to assess the impact of prescription opioid use and long-term prescription
opioid use on adherence to COPD maintenance medications among a sample of COPD
patients, future studies are needed to replicate the methods from the current study in
other COPD populations to test the reproducibility of the results in other COPD patient
populations.
Discussion for Specific Aim 3

Specific Aim 3 was to examine the impact of long-term prescription opioid use
(=90-day supply in a one-year period) compared to no prescription opioid use on COPD
exacerbations among a real-world, large sample of COPD patients after adjusting for
other confounders. Only about 4.3% (n=265) of the included sample of COPD patients
using maintenance medications in specific aim 3 experienced a severe COPD
exacerbation in a one-year follow-up period. About 20.1% (n=1,226) of the overall
sample of COPD patients using maintenance medications experienced either a severe

or moderate COPD exacerbation in a one-year follow-up period. The low rates of COPD
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exacerbations observed in the current study are comparable to rates reported in
published studies. A study by Stanford RH and colleagues in 2016 which used a similar
set of criteria for identification of severe and moderate COPD exacerbations as the
current study, found incidence of COPD exacerbation rates similar to rates found in the
current study*4°. About 13.8% of COPD patients were classified as having one or more
moderate COPD exacerbations and 8.5% were classified as having one or more severe
COPD exacerbation in a one-year follow-up period#!. Patients having either a moderate
or severe COPD exacerbations were 22.3% in the Stanford RH et al study compared to
20.1% in this study*°.

The mean number of severe exacerbations in the overall sample of COPD
patients using maintenance medications was 0.05 (+ 0.28) in a one-year follow-up
period. When both severe and moderate exacerbations were measured the mean
increased to 0.20 (+ 0.40). It is however, important to consider that many COPD
exacerbations experienced by COPD patients cannot be captured when using
secondary datasets such as administrative claims which require patients to have an
interaction with the healthcare system. Studies in the past have shown that nearly 50%
of COPD exacerbations go unreported as COPD patients may not always interact with
healthcare systems when experiencing exacerbations of their COPD symptoms!47:148,
These unreported exacerbations are identified only when assessment of patients’
recording of COPD symptoms in daily diaries are analyzed!43. Wedzicha J, et al 2003
suggest that COPD patients commonly experience changes in symptoms, and along
with having comorbid symptoms of depression and anxiety COPD patients accept their

symptoms as part of their disease and do not seek treatment4’-150 Previously published
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studies have reported the mean rate of exacerbations among COPD patients to range
from 0.6 to 3.0 annually 148151-153 However, these studies varied from the current study
on various parameters such as patients maintaining a daily diary to report symptoms,
studies including mostly older COPD patients >65 years old, and combining mild,
moderate and severe COPD exacerbations, utilization of various methods of classifying
exacerbations, variable follow-up times, and study samples belonging to various
countries.

A significantly higher percentage of long-term prescription opioid users
experienced severe exacerbations (8% vs. 4%, p<0.0001; Table 35) in a one-year
follow-up period compared to non-opioid users. Long-term prescription opioid users also
had a higher mean number of severe COPD exacerbation compared to non-opioid
users (0.11 £ 0.41 vs 0.05 + 0.26, p<0.001; Table 35). Similarly, a significantly higher
percentage of long-term prescription opioid users experienced either a severe or
moderate exacerbation (26.5% vs 19.4%, p<0.0001; Table 37) in a one-year follow-up
period compared to non-opioid users. Long-term prescription opioid users also had a
significantly higher mean number of moderate and severe COPD exacerbations
compared to non-opioid users (0.50+1.14 vs 0.31+0.82, p=0.0003; Table 37).

After adjusting for confounders, the impact of long-term prescription opioid use
on the number of the severe COPD exacerbations in a one-year follow-up period was
not found to be significant (Table 36). The non-significant result persisted when the sum
of moderate and severe COPD exacerbations was evaluated (Table 38). In separate
analysis the impact of long-term prescription opioid use versus no use was assessed on

the likelihood of having a severe COPD exacerbation and either moderate or severe
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COPD exacerbation using conditional logistic regression analysis (not reported here).
The non-significant results from Specific Aims 3A and 3B persisted in the conditional
logistic regression analysis. History of COPD exacerbations has been established as a
significant predictor of future COPD exacerbations’®. After adjusting for the effect of pre-
index COPD exacerbations the impact of long-term prescription opioid use was not
significant on adherence to COPD controller medications.

Vozoris N et al, 2016 conducted a study to identify the impact of prescription
opioid use on adverse respiratory outcomes, including exacerbations, among COPD
patients®*. Vozoris N et al, 2016 study reported no significant association between
incident prescription opioid use and COPD-related hospitalizations (hazard ratio 1.08,
95% CI1 1.00 — 1.29; p=0.15), which translate into severe COPD exacerbations in the
current study. Similarly, in the current study long-term use of prescription opioids was
not significantly associated with severe COPD exacerbations (Table 36). However, the
authors found that incident prescription opioid use was associated with decreased
outpatient COPD exacerbations (hazard ratio 0.88, 95% CI1 0.83 — 0.94; p<0.001). When
the analysis was conducted among users of more potent opioid-only agents, the use of
opioids was associated with significantly increased outpatient COPD exacerbations
(hazard ratio 1.27, 95% CIl 1.14 — 1.41; p<0.0001). The current study combined
moderate and severe COPD exacerbations in Specific Aim 3B and found no association
between long-term prescription opioid use and the sum of severe and moderate COPD
exacerbations.

There are however various differences between the current study and the

Vozoris N et al, 2016 study which should be considered when comparing the results
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from the two studies. Vozoris N et al, 2016 measured only outpatient COPD
exacerbations which corresponds to moderate COPD exacerbations in the current
study. However, in the current study emergency room visits were also included in the
classification of moderate COPD exacerbations whereas Vozoris N et al, 2016 excluded
emergency COPD visits in the classification of outpatient COPD exacerbations. In the
current study moderate COPD exacerbation were not assessed stand-alone as an
outcome variable, as in the Vozoris N et al, 2016 study, but were combined with severe
COPD-exacerbations. In the Vozoris N et al, 2016 study outpatient COPD
exacerbations and COPD-related hospitalizations were measured only within 30 days of
incident prescription opioid use compared to the current study in which COPD
exacerbations were measured in a one-year follow-up period. The Vozoris N et al, 2016
study was conducted only among older COPD patients above 65 years old (mean age
77.0 £ 7.0 years) whereas the current study included COPD patients between 40 to 64
years old (mean age 57.2 £ 5.4 years). The Vozoris N et al, 2016 study was conducted
among a sample of Canadian COPD patients whereas the current study included COPD
patients residing the US.

In summary, the current study did not find any association between long-term
prescription opioid use and severe and moderate COPD exacerbations among COPD
patients, after adjusting for other confounders.

Discussion for Specific Aim 4
Specific Aim 4 was to examine the impact of long-term prescription opioid use
(=90-day supply in a one-year period) compared to no prescription opioid use on all-

cause total healthcare costs (prescription medication and medical costs) among a real-
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world, large sample of COPD patients after adjusting for other confounders. The
adjusted mean all-cause total healthcare costs were significantly higher for long-term
prescription opioid users compared to non-opioid users [$23,996 (+ $1,106.22) vs.
$13,947 (+ $512.67), p<0.0001] (Table 40).

The adjusted prescription drug costs among long-term prescription opioid users
was statistically significantly higher [$7,782 (£ $301) vs. $6,686 (+ $205), p<0.0001]
compared to non-opioid users. The higher adjusted prescription drug costs among long-
term prescription opioid users despite having statistically significantly lower medication
adherence to COPD maintenance medications compared to non-opioid users is not
surprising. Long-term prescription opioid users had significantly higher mean number of
comorbid medical conditions as compared to non-opioid users. With higher mean
comorbid conditions, long-term prescription opioid users may fill higher number of
prescriptions attributed to conditions other than COPD. Also, the costs associated with
using prescription opioids may be reflected in the higher total prescription drug costs
among long-term prescription opioid users. The significantly higher all-cause total
healthcare costs among long-term prescription opioid users as compared to non-opioid
users is likely driven by higher total medical costs (sum of costs associated with
inpatient, outpatient and emergency room visits). The adjusted total medical costs
among long-term prescription opioid users was statistically significantly higher [$15,684
(£ $1,197) vs. $6,679 (+ $401), p<0.0001] compared to non-opioid users.

This is the first study to assess the impact of prescription opioid use on
healthcare costs among patients with COPD. It is important to consider that the current

study assessed all-cause total healthcare costs among COPD patients. This higher all-
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cause total healthcare costs among COPD patients may be related to higher healthcare
resource utilization associated with management of COPD or higher healthcare
utilization associated with management of other comorbid conditions among COPD
patients. The current study however, did not assess COPD-related costs independently,
but rather assessed all-cause total healthcare costs. It was found that long-term
prescription opioid users had significantly higher number of mean comorbid conditions
compared to non-opioid users (Table 31). The mean D-CCI score among long-term
prescription opioid users was significantly higher compared to non-users of prescription
opioids (2.4 £ 1.8 vs 1.7 + 1.2, p<0.0001). Similarly, a higher proportion of long-term
prescription opioid users had presence of one or more comorbid chronic conditions
(86.6% vs 76.3%, p<0.0001) and comorbid pain conditions (93.5% vs 70.7%,
p<0.0001). D-CCI score, number of comorbid conditions and number of comorbid pain
conditions were all significantly associated with higher all-cause total healthcare costs
among COPD patients in the generalized linear model with a gamma distribution and
log-link function (Table 40). These differences in the presence of comorbidities among
long-term prescription opioid users and non-opioid users could translate into higher all-
cause total healthcare costs among COPD patients.

In summary, long-term prescription opioid use was significantly associated with
all-cause total healthcare costs among COPD patients, after adjusting for other
confounders. Long-term prescription opioid use may be associated with higher all-cause
total healthcare costs among COPD patients. As this is the first study to assess the

impact of long-term prescription opioid use on healthcare costs among COPD patients,
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future studies are needed to provide evidence on the reproducibility of these results
among similar or different population of COPD patients.
Study limitations

Limitations associated with the use of administrative claims database are
applicable to this study'®’. Medication adherence when assessed using administrative
claims data is unable to ascertain whether the patient is taking the right prescribed
guantity of dose or whether the doses were taken in a timely prescribed manner.
Patients may refill their prescriptions on time but may be non-adherent to their regimen
by not taking their medications as prescribed and this is not captured in the analysis.
However, filling a prescription is a necessary step which leads to utilization of the
prescribed drug and PDC has been utilized on a wide scale by researchers, and
validated and recommended by the Pharmacy Quality Alliance (PQA) and the National
Quality Forum (NQF) as a measure of medication adherence!?!.

Just observing a refill of a prescription in an administrative claims data may not
be a good indicator of medication adherence. Patients in the study may also have other
sources of acquiring medications which may not be captured by the dataset. Including
only patients who have a prescription fill for a COPD maintenance medication has the
potential to exclude patients who do not fill any prescribed maintenance medications,
thus missing on important non-adherent patients. When a patient discontinues a therapy
for COPD maintenance medication, it is possible that the patient discontinued the
therapy due to physician’s recommendations, however according to the PDC method

the patient is assumed to be non-adherent.
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Many factors may have an impact on medication adherence such as social
support, perceived susceptibility to adverse events and others; however, these factors
are not captured in the dataset and thus cannot be adjusted for their impact on
medication adherence. Medication adherence is also impacted by the severity of a
disease®®®1%9, Proxy values for the severity of COPD such as history of COPD-related
moderate or severe exacerbations, use of short acting beta agonists, oral
corticosteroids, and oxygen therapy were used in the analyses. These measures
although predictive of future COPD exacerbation and health care utilization may not
always accurately predict the level of airflow limitation and may be subject to
measurement bias. As administrative datasets do not capture clinical information,
spirometry information cannot be measured and therefore COPD exacerbations history
are used as proxy measures for COPD symptom severity.

An important limitation of the study relates to the inability to identify diagnosis
associated with the use of prescription opioids among COPD patients. COPD patients
who use prescription opioids for chronic non-cancer pain (CNCP) may have significantly
different characteristics compared to patients using prescription opioids for dyspnea or
patients using opioids for acute pain conditions. Although, baseline characteristics were
adjusted in the multiple regression analyses there may be certain unobservable factors
such as diet, exercise, smoking status, not captured due to the administrative claims
nature of the Truven MarketScan Commercial Claims and Encounters database which
may introduce bias in the studied outcomes.

Certain factors are related to the use of prescription opioids such as the daily

dosage of prescription opioids measured using morphine equivalent dosing, use of
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either long-acting or short-acting prescription opioids, and long-term or short-term use of
prescription opioids. As these factors are exclusively applicable only to patients who use
prescription opioids and not applicable to non-opioid users, they cannot be adjusted for
in the analyses as they are not present in the unexposed group (non-opioid users) of
COPD patients.

A major limitation of the study is based on the lack of a method to identify
adverse drug-related behaviors (ADRB) using administrative claims data. One of the
rationales for the study is associated with the idea that the use of prescription opioids
has an ability to induce psychological behaviors such as ADRB. ADRB may influence
the patients to rely heavily on prescription opioids to provide immediate symptoms relief
and possibly overlook the use of long-term maintenance medications for COPD.
However, identification of ADRB is challenging with the use of administrative claims
data. Although ADRB could not be identified in the study a previously published study
has provided evidence that patients taking prescription opioids both on a long-term and
acute basis have a statistically significantly higher likelihood of developing ADRB?’.
Future studies may look at identifying ADRB and their effect on medication adherence
and healthcare resource utilization among patients with COPD.

The study only includes information on privately insured patients in the age range
of 40 to 64 years. The results of the study are only generalizable to the study
population. The results of the study therefore may not applicable to patients who are not
privately insured such as patients with Medicare, Medicaid, or patients without any
health insurance coverage, or patients below 40 years of age or older patients 65 years

of age and above. Middle-aged patients as included in the current study are more likely
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to be employed than older patients. Use of prescription opioids among employed
patients may limit their ability to work and therefore these patients may likely use more
discretion when using prescription opioids. As older patients are more likely to be retired
then middle-aged patients the use of prescription opioids among this population may be
different.
Future research

Future research could benefit by improving on the limitations of the study
highlighted above. Future research could develop methods to identify the presence of
adverse drug related behaviors (ADRB) associated with the use of prescription opioids.
ADRB could impact patients’ behaviors associated with prescription opioid use and may
mediate the effect of the use of prescription opioids on adherence to COPD
maintenance medications and total all-cause healthcare costs.

Future studies could also benefit by identifying the reasons (diagnosis) or
indications for which opioids were prescribed. For example, patients using prescription
opioids for acute pain or pain associated with post-surgical procedures may exhibit
different characteristics than patients who receive prescription opioids for chronic non-
cancer pain (CNCP) conditions. Stratified analyses in these different groups of patients
may help explain whether the impact of prescription opioid use on adherence to
maintenance medications and total all-cause healthcare costs persists in both the
groups of patients.

Future studies could also assess characteristics associated with the use of
prescription opioids such as the daily dosage of prescription opioids measured using

morphine equivalent dosing, use of either long-acting or short-acting prescription
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opioids, and combination or opioid only agents. Quantifying prescription opioids in these
categories may help facilitate a better picture of the association of prescription opioid
use and adherence to COPD maintenance medications among COPD patients.

Future research could also assess if the use of prescription opioids has an
impact of healthcare resource utilization such as inpatient visits, emergency room visits,
and outpatient visits associated with COPD. Such analyses could help better identify the
impact of prescription opioid use on healthcare resource utilization and could facilitate in
guantifying the burden of prescription opioid use among COPD patients.

Since the results of the current study are generalizable only to privately insured
patients in the age range of 40 to 64 years, future studies could replicate the study
among older COPD patients and also among patients belonging to other healthcare
plans such as Medicare Medicaid, and also uninsured COPD patients.

As this is the first study to assess the impact of prescription opioid use on
adherence to COPD maintenance medications, COPD exacerbation, and total all-cause
healthcare costs among COPD patients, future studies are needed to provide evidence
on the reproducibility of these results among similar or different population of COPD
patients.

Study implications and conclusions

The results of the study show that the use of prescription opioids among patients
with COPD is significantly associated with lower adherence to COPD maintenance
medications. This finding suggests improving the management of COPD patients to
address non-adherence to maintenance therapy. Although the study results did not find

prescription opioid use to have an impact on moderate or severe COPD exacerbations
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the impact of prescription opioid use on healthcare resource utilization such as inpatient
visits, emergency room visits, and outpatient visits was not studied, and future research
could help identify such impact. Also, the study results indicate higher healthcare costs
for the management of COPD patients concurrently taking prescription opioids. Proper
identification and management of prescription opioid therapy along with efforts to
improve COPD-related adherence could potentially decrease the total healthcare costs
of management of COPD patients.

Early identification of concurrent prescription opioid use and management of poor
adherence to maintenance medications for COPD may lead to improved COPD
symptoms and lower total healthcare costs. For COPD patients taking maintenance
medications, identification of concurrent prescription opioid use might be an effective
gauge of potential poor medication adherence in the future and may advocate for
improved surveillance and management to attain optimum medication adherence. The
results from the study could facilitate designing effective interventions that would help
reduce non-adherence to maintenance medications for COPD and further help control
total healthcare costs leading to better allocation of limited healthcare resources among
COPD patients. The results of the current study could encourage future research to
identify the effects of concurrent prescription opioid use on adherence to medications

for other chronic conditions.
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