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Résumé

L’adhésion aux médicaments chez les patients présentant un asthme ou une maladie pulmonaire
obstructive chronique (MPOC) est reconnue pour étre faible. Pour intervenir efficacement, les
médecins de famille doivent évaluer de maniére précise I'adhésion aux médicaments. Ne pas détecter
la non-adhésion peut réduire davantage la maitrise de la maladie, entrainer une intensification non-
nécessaire du traitement, mener a des schémas pharmacologiques plus complexes et colteux et par
conséquent, augmenter le risque d’événements indésirables. La présente thése vise a approfondir les
connaissances sur |'usage secondaire des données médico-administratives afin d’optimiser 'adhésion
et 'usage des médicaments chez les patients atteints de maladies respiratoires chronique, au moyen
d’une approche méthodologique mixte de recherche. Plusieurs questions méthodologiques cruciales

concernant I’étude de l'intensification du traitement en asthme ont également été abordées.

Le premier axe porte sur le développement de I'outil e-MEDRESP, qui s’appuie sur les
renouvellements d’ordonnances et qui est concu pour donner rapidement accés aux médecins de
famille a une mesure objective et facilement interprétable de I'adhésion aux médicaments utilisés dans
le traitement de I'asthme et de la MPOC. L'outil a été développé en collaboration avec des médecins
de famille et des patients a I'aide de groupes de discussion et d’entrevues individuelles. Dans le cadre
d’une étude de faisabilité, I'outil e-MEDRESP a été par la suite implanté dans les dossiers médicaux
électroniques de plusieurs cliniques de médecine familiale au Québec (346 patients, 19 médecins). Les
résultats ont montré que l'intégration de d’e-MEDRESP dans le flux de travail des médecins était
faisable. Les médecins ont indiqué que l'outil leur a permis de: 1) mieux évaluer I'adhésion aux
médicaments de leurs patients (cote moyenne et écart-type sur une échelle de Likert a 5 points
[perception d’accord] de 4,8+0,7); et 2) ajuster les traitements prescrits (4,8+0,7 et 4.3+0,9). Une
analyse pré-post n’a pas révélé d’amélioration au niveau de lI'adhésion aux médicaments chez les
patients dont le médecin a consulté e-MEDRESP lors d’une visite médicale. Toutefois, une amélioration
statistiquement significative a été observée chez les patients dont le niveau d’adhésion était inférieur
a 80% au cours de la période de six mois précédant la visite et qui étaient traités par des
corticostéroides inhalés (Proportion of days covered (PDC) = 26,4 % (IC a 95 % : 14,3-39,3 %) ou des

antagonistes muscariniques a action prolongée (PDC = 26,9 % (IC a 95 % : 12,4-40,2 %)).

Le deuxiéme axe présente des travaux préparatoires a la conduite d’'une cohorte qui sera

réalisée a partir de bases de données médico-administratives et qui aura comme objectif d’estimer



I’association entre "adhésion aux médicaments et l'intensification du traitement de I'asthme, une
question peu explorée a ce jour. Avant de débuter une telle étude, il est important de s’assurer que les
bases de données médico-administratives peuvent étre utilisées pour identifier de maniere adéquate
les patients asthmatiques et l'intensification du traitement. Dans un premier temps, une revue
systématique a été effectuée pour identifier les données probantes disponibles concernant la validité
des algorithmes permettant d’identifier les patients asthmatiques dans les bases de données médico-
administratives. L’algorithme qui a été développé par Gershon et coll. (Revue canadienne de
pneumologie, 2009; vol. 16, no 6, p. 183-188), qui comprenait deux visites médicales ambulatoires ou
une hospitalisation pour asthme sur deux ans, présentait le meilleur compromis entre la sensibilité
(84 %) et la spécificité (77 %). Dans un second temps, une définition opérationnelle de I'intensification
du traitement a été élaborée dans le cadre d’une étude Delphi qui incorporait un processus consensuel
d’experts. Cette définition comprend sept étapes et s’inspire des lignes directrices 2020 de l'initiative
mondiale de lutte contre I'asthme. Les définitions obtenues a partir de ces deux études seront intégrées

dans I’étude de cohorte.

Les études constituant cette thése démontrent I'importance de développer des outils qui
permettent aux médecins d’évaluer I'adhésion aux médicaments dans leur pratique clinique, en plus
d’enrichir la littérature scientifique médicale sur l'intensification du traitement chez les patients

asthmatiques.

Mots clés: Adhésion aux médicaments, asthme, MPOC, dossiers médicaux électroniques,

intensification du traitement, recherche sur les méthodologiques mixtes



Abstract

Medication adherence in patients with asthma and chronic obstructive pulmonary disease (COPD) is
notoriously low and is associated with suboptimal therapeutic outcomes. To intervene effectively,
family physicians need to assess medication adherence efficiently and accurately. Otherwise, failure to
detect nonadherence may further reduce patient disease control and result in unnecessary treatment
escalation that can increase the risk of adverse events and lead to more complex and costly drug
regimens. The overarching goal of this thesis was to investigate how the use of secondary healthcare
data can be leveraged to optimize medication adherence in clinical practice. Methodological
considerations to facilitate our understanding of treatment escalation in asthma using secondary

healthcare data were also examined.

In the first part of my doctoral research program, | led a project which aimed at developing e-
MEDRESP, a novel web-based tool built from pharmacy claims data that provides to family physicians
with objective and easily interpretable information on patient adherence to asthma/COPD
medications. This tool was developed in collaboration with family physicians and patients using a
framework inspired by user-centered design principles. As part of a feasibility study, e-MEDRESP was
subsequently implemented in electronic medical records across several family medicine clinics in
Quebec (346 patients, 19 physicians). Findings showed that its integration within physician workflow
was feasible. Physicians reported that the tool helped to: 1) better evaluate their patients’ medication
adherence; and 2) adjust prescribed therapies, with mean + sd ratings (5-point Likert scale) of 4.8+0.7
and 4.310.9, respectively. A pre-post analysis did not reveal improvement in adherence among patients
whose physician consulted e-MEDRESP during a medical visit. However, significant improvements in
adherence for inhaled corticosteroids (Proportion of days covered (PDC): 26.4% (95% Cl: 14.3-39.3%))
and long-acting muscarinic agents (PDC: 26.4% (95% Cl: 12.4-40.2%)) were observed among patients

whose adherence level was less than 80% in the 6-month period prior to the medical visit.

The second part of this research program consisted of two studies which laid the groundwork
to estimate the association between medication adherence and treatment escalation in asthma using
Canadian healthcare administrative data, a phenomenon that is currently under-explored in the
literature. Prior to embarking in this study, it is important to ensure that healthcare administrative
databases can be used to identify asthma patients and treatment escalations in an adequate manner.

First, a systematic review was conducted to obtain an overview of the available evidence supporting



the validity of algorithms to identify asthma patients in healthcare administrative databases. The
algorithm developed by Gershon et al. (Canadian Respiratory Journal, 2009;16(6):183-188) comprising
22 ambulatory medical visits or 21 hospitalization for asthma over two years had the best trade-off
between sensitivity (84 %) and specificity (77%). Second, an operational definition of treatment
escalation was developed through a Delphi study that incorporated an expert consensus process. This
definition includes 7 steps and was inspired by the 2020 Global for Initiative for Asthma treatment
guidelines. | plan to integrate the definitions obtained from these two studies in a future cohort study
which aims to examine the association between medication adherence and treatment escalation in

asthma.

My research provides compelling evidence on the importance of developing and evaluating the
feasibility of implementing tools which can aid physicians in assessing medication adherence in clinical

practice and extends the literature on treatment escalation in asthma.

Keywords: Medication adherence, asthma, COPD, electronic medical records, pharmacy claims

database, Treatment escalation, mixed-methods research
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. CHAPTER 1: INTRODUCTION

“Drugs don't work in patients who don't take them.”

C. Everett Koop, Former US Surgeon General

Asthma and chronic obstructive pulmonary disease (COPD) are leading causes of chronic morbidity and
mortality that pose substantial economic and social burdens worldwide.! Globally, asthma affects over
350 million people? and approximately 174 million people have moderate-to-severe COPD.? In Canada,
nearly 9.5% of the total population is living with asthma* and it is estimated that between 10-25% of
Canadians over 35 years old will develop COPD in their lifetime.>® Despite a plethora of effective
treatments, the medication adherence level® in patients with asthma and COPD is notoriously low, often
falling below 50%.”° Nonadherence is associated with low disease control, increases in emergency
department (ED) visits, and hospitalizations, as well as rising healthcare costs.>'!2 Although medication
adherence is a complex and multifaceted issue, its detrimental public health effects are preventable.

A large majority of asthma and COPD patients are treated in primary care.’>!* As the front-line
healthcare providers, family physicians have an important impact on patients’ perception of prescribed
therapy. Yet to intervene effectively, family physicians need to first assess adherence accurately and in a
timely manner—a challenging aspect of care in routine clinical practice. Physicians often rely on patient
self-report;’> however, studies have shown that patients tend to overestimate their adherence to their
prescribed therapy.®!® Alternatively, pharmacy claims, which are generated whenever a prescription at
a community pharmacy is filled,’ can be used to obtain more objective and non-invasive measures of
medication adherence.?® In addition, a downside of this approach is that these data are not consistently
available in clinical practice. Indeed, only a few medication adherence assessment tools based on
pharmacy claims data have been structured to fit around the daily practice of family physicians.?*?> As a
prime example, physicians in the US can request pharmacy claim histories through e-prescribing platforms
integrated in their electronic health records for patients who provided prior consent.?® Since 2013,

healthcare professionals in the Canadian province of Quebec can access pharmacy claims through the

! Unless otherwise specified, the adherence level refers to the proportion of patients who are not adherent to their

prescribed treatment. This term will be used throughout this thesis.
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Quebec Health Record (QHR) [Dossier Santé Québec (DSQ)], which is a data repository that allows
physicians, pharmacists, and other healthcare professionals to access health information on their
patients, including medication data.?’One major drawback, however, is that it provides raw and
unprocessed pharmacy data. When it was initially available to healthcare professionals, information on
filled prescriptions, regardless of reimbursement status, was available. Now, it also includes all
medications entered in the pharmacy system, including those that were not dispensed by the patient.
Nevertheless, little effort was made to aggregate and process the medication data, which can be hard for
healthcare professionals to interpret and integrate in their workflow, especially for polymedicated
patients.

Broadly speaking, many of these platforms and tools have the potential to help physicians in
monitoring medication adherence in a timely manner. In this context, family physicians could benefit from
innovative tools that will better assist them in detecting their non-adherent patients. Ideally, these tools
should display easily interpretable medication adherence information and be seamlessly integrated within
the physician workflow. To the best of our knowledge, very few tools have been developed in Canada. In
recent years, healthcare institutions have increasingly leveraged clinical data captured in electronic health
records and clinical decision support systems (CDSS) to enhance patient care and help bridge the gap
between optimal practice and actual clinical care. CDSS are computer applications that analyze and
process clinical data (laboratory results, prescription data) to assist clinicians in making diagnostic and
therapeutic decisions and implementing evidence-based clinical guidelines at point of care.?® To the best
of our knowledge, there is a lack of CDSS that have incorporated medication adherence assessment tools
within their digital platforms. Most of CDSS that were developed for asthma or COPD focused on
guidelines decision supports, self-management plans, and patient advice sheets/information sheets.?*3!
While these aspects are crucial to enhance patient care, prescribers should also have access to tools that
will help them monitor medication use and identify their non-adherent patients in a timely manner.

The consequences of undetected nonadherence go beyond unfavourable therapeutic outcomes—
it may also directly impede physician prescribing practices, especially in asthma. According to clinical
guidelines, asthma patients are treated with a step-care approach, whereby controller medication doses
are gradually increased, or medications are added when disease control is not achieved.?*? Due to this
incremental approach to therapy, failure to detect nonadherence may result in unnecessary treatment
escalation that can in turn increase the risk of adverse events, lead to more complex and costly drug
regimens, and further reduce medication adherence. In fact, unnecessary treatment escalation stems

from the difficulties in distinguishing nonadherent patients form those who are truly refractory to



treatment, among patients who have uncontrolled disease. Since objective measurements of medication
adherence are not easily accessible in routine clinical practice, physicians’ decision to escalate treatment
is most often based on disease control, even when nonadherence may be the underlying reason behind
uncontrolled disease. Thus, in addition to better equipping family physicians in assessing patient
medication adherence, it is crucial to understand how patterns of treatment escalation in the real-world
setting are affected by medication adherence as well as disease control. Due to the complex therapeutic
landscape in asthma, it is important to be able to first identify treatment escalation patterns at a
population-level. These notions appear to be under-explored in the literature.

To fill these important research gaps, this doctoral thesis was conducted in two parts. The
overarching goal of this thesis was to investigate how the secondary use of healthcare data (e.g.
administrative claims, prescription refills) can be leveraged to optimize medication adherence and
support clinical decision-making in routine clinical practice. Methodological considerations to facilitate
our understanding of treatment escalation in asthma patients, which can be unintended consequence of
undetected medication non-adherence, will also be examined. In the first part of this thesis, | led a multi-
phase study which aimed at: 1) developing e-MEDRESP, a novel web-based tool built from pharmacy
claims data that allows family physicians to monitor adherence to respiratory medications; and 2)
evaluating the feasibility of implementing e-MEDRESP in family physician’s electronic medical records
(EMR) across several family medicine clinics in Quebec. The second part laid the groundwork for a
population-based cohort study which aims to estimate the association between medication adherence
and subsequent treatment escalation in asthma using healthcare administrative data. Of note, COPD
patients were not considered, as the notion of disease control in COPD cannot be well studied using
administrative databases alone. Due to time constraints, the cohort study was unfortunately beyond the
scope of this dissertation. However, two separate studies were conducted to: 1) select a valid operational
definition to identify asthma patients in healthcare administrative database; and 2) develop a treatment
escalation definition in asthma that can be applied to healthcare administrative databases. The definitions
obtained from these studies will be subsequently used in the cohort study, which | will perform, within
the next year, in collaboration with Lucie Blais, the principal investigator of this doctoral research program,
and her research team.

For the e-MEDRESP study, we used a two-phase exploratory design.* In Phase |, focus groups and
individual interviews were conducted with family physicians and asthma/COPD patients to: 1) identify the
barriers and facilitators of assessing medication adherence in routine clinical practice; and 2) develop an

e-MEDRESP prototype using a framework inspired by user-centered design (UCD) principles.3* e-MEDRESP



was subsequently constructed by applying algorithms to pharmacy claims data that reflected end users’
recommendations using the reMed claims database. Its web-based format allowed us to seamlessly
integrate it in electronic medical records (EMR). In Phase Il, e-MEDRESP was available for a 16-month
period following its implementation in participating clinics, during which the feasibility of integrating this
tool in routine clinical practice was comprehensively assessed. Results of the e-MEDRESP study were
reported in two separate articles. The development process of e-MEDRESP was published in Respiratory
Care [2020, 65(9); 1355-1366],*° whereas the feasibility study was submitted to the International Journal
of Clinical Practice.

For the second part of the thesis, a systematic literature review was first conducted to identify
studies that have validated asthma case-finding algorithms applied to health administrative data. A Delphi
study was subsequently conducted to develop an operational definition of treatment escalation adapted
to asthma in collaboration with experts in pulmonology, pharmacy, and epidemiology. Indeed, identifying
treatment escalation in asthma using claims data can be challenging owing to the complexity of the
asthma therapeutic landscape. Although the literature on this topic is limited, the most commonly
reported method of studying asthma treatment escalation patterns is through the identification of step-
up episodes that correspond to clinical practice guidelines.?>*! However, claims-based treatment
escalation definitions that have been reported so far in the literature are variable, mainly due to differing
interpretations of asthma treatment guidelines. Importantly, these definitions were not established
through a validated or rigorous process. Given the gap between treatment guidelines and the real-world
practice, this inconsistency underscores the need to establish an operational treatment escalation
definition adapted to asthma patients, through an expert consensus process. Results of the systematic
literature review were published in The journal of Asthma [2020, epub ahead of print],** whereas the
Delphi study was submitted to Respiratory Medicine. As mentioned previously, the definitions obtained
from these studies will ultimately lay the groundwork for a population-based cohort study which aims to
evaluate the association between medication adherence and treatment escalation in asthma.

This article-based thesis comprises seven chapters. The upcoming chapter presents a literature
review covering the main themes of my doctoral thesis, which ultimately allowed me to identify the
research gaps and strengthen the rationale of my research program. An overview of the research
objectives is found in the third chapter, and the four manuscripts are presented in the fourth chapter. It
is to be noted that research methods are presented within each manuscript and their respective
supplementary materials. Finally, an in-depth discussion of my research projects and conclusions are

presented in the fifth chapter, along with clinical implications and perspectives on future research.
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. CHAPTER 2: LITERATURE REVIEW

The objective of this literature review was three-fold. The first part aimed to summarize the literature
encompassing the clinical definitions, disease burden, disease management, and pharmacological therapy
of asthma and COPD, with a focus on adult populations. In addition to assessing current research trends,
the following treatment guidelines were consulted: 1) Guide for asthma management and prevention by
the Global Initiative for Asthma (GINA);? 2) Global Strategy for the Diagnosis, Management and Prevention
of COPD by the Global Initiative for Chronic Obstructive Lung Disease (GOLD);3? and 3) Position statements
from the Canadian Thoracic Society (CTS).**** The second part pertains to medication adherence, the
different methods to assess it in clinical practice, as well as the currently published studies on medication
adherence assessment tools based on pharmacy claims data across different therapeutic fields, with a
focus on asthma and COPD. Specific challenges associated with integrating structured electronic
medication data within physician workflow will also be discussed. The last part of this chapter will explore
how the secondary use of healthcare data can help us understand the consequences of medication non-
adherence and prescribing practices (treatment escalation) at a population-level. The following topics will
be specifically explored: 1) claims-based algorithms to identify asthma patients; and 2) treatment
escalation patterns in asthma in the real-world setting. Studies which have evaluated the relationship
between medication adherence and subsequent treatment escalation were evaluated and critically

assessed.
2.1 Asthma

2.1.1 Definition, Prevalence, and Burden of lliness

The GINA guidelines define asthma as a “heterogeneous disease, usually characterized by chronic airway
inflammation. It is defined by a history of respiratory symptoms such as wheeze, shortness of breath,
chest tightness and cough that vary over time and intensity, together with variable expiratory airflow
limitation.”? Symptoms and airflow limitation may resolve spontaneously or through pharmacological
therapy.? Additionally, patients may be asymptomatic for several consecutive weeks or months.
Notwithstanding, when disease is uncontrolled, patients may experience exacerbations, consisting of
potentially life-threatening acute or subacute flare-ups.

With over 350 million individuals affected worldwide, asthma has become an important public

health issue and a leading cause of chronic morbidity.? According to Statistics Canada, 8.1% of Canadians
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aged 12 and older reported having been diagnosed with asthma by a healthcare professional in 2014,
representing approximately 2.4 million people.** In 2013, Ismaila et al. conducted a systematic review of
the burden of asthma in Canada, including the direct and indirect costs, the key drivers of healthcare
resource utilization, and the impact of asthma on patients’ quality of life.!! The review found a substantial
clinical burden, reflected by high rates of hospitalizations (1.43-63 hospitalizations per 1000 patients per
year), as well as ED and physician visits (1.1-14.9 physician visits for asthma per year). The economic
burden is also considerable, with direct costs ranging from an average annual cost of $336 to $657 per
patient. Indirect costs due to time loss from work, productivity loss, and functional impairment also
increase the overall burden. Studies in the review highlighted a high prevalence of psychological distress
(31%-50%) and the diminished quality of life among asthma patients compared with individuals without
asthma.

Due to the increase in effective treatments and advances in asthma management in recent years,
asthma mortality and morbidity has been on the decline since the late 1990s.%® Nevertheless, the majority

of asthma-related hospitalizations and deaths are preventable with proper treatment.

2.1.2 Disease Management and Pharmacological Therapy

According to the GINA guidelines, the hallmarks of optimal asthma control include minimal respiratory
symptom burden, no activity limitation, normal respiratory function, and absence of the need for rescue
bronchodilator medications.? Additional criteria for assessing disease control include nocturnal
symptoms, occurrence of asthma exacerbations, physical activity, absenteeism, and forced expiratory
volume in 1 second (FEV,) or peak expiratory flow values.? Pharmacological treatment aims at preventing
symptoms by reducing airway inflammation and hyperactivity.

Asthma treatment should be tailored to each patient and take into account the level of symptom
control, risk factors of exacerbations, phenotypic characteristics, treatment effectiveness, patient
preference, treatment cost, and medication adherence. There are two main types of treatments: 1) quick
relief (or rescue) medications, which are taken on an as-needed basis for short-term relief of symptom;
and 2) controller medications, which are taken regularly to control chronic symptoms and prevent asthma
exacerbations.

In clinical practice, asthma patients are treated with a step-care approach, which entails gradually
increasing controller medication doses or adding controller medications when disease control is not
achieved with the current treatment regimen.*’ Patients may be prescribed treatment on an as-needed

basis for quick relief of symptoms or take a controller medication on a daily basis. Prior to 2019, GINA
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recommended as-needed rescue short-acting beta2-agonists (SABA) to treat symptoms in patients with
intermittent asthma (step 1). However, since April 2019, GINA no longer recommends as-needed SABA as
the preferred reliever therapy. Instead, the current guidelines encourage the use of as-needed low dose
Budesonide (ICS)-Formeterol (LABA) (Symbicort®) or low dose ICS whenever a SABA is taken, as the
preferred reliever therapy. These recommendations are regarded as the most critical change in asthma
management in 30 years, which stemmed from safety concerns of initiating asthma therapy with SABA
alone.® Indeed, several studies have suggested an increased risk of adverse effects of short-term regular
use of SABA alone, including reduced bronchoprotection and bronchodilator response, increased airway
hyperresponsiveness, exercise-induced bronchoconstriction and allergic responses, and increased
eosinophilic inflammation and mast cell mediator release.***! In 2018, a large double-blind clinical trial
found a 64% reduction in severe exacerbations in patients with mild asthma treated with as-needed low
dose budesonide-formoterol compared with SABA only.>?

For patients with mild persistent asthma, low dose ICS plus as-needed reliever medication are
recommended. Other less effective controller medications include leukotriene receptor antagonists
(LTRA) and theophylline, although the latter treatment is no longer found in recent guidelines. Subsequent
steps for uncontrolled asthma include adding other controller medications or increasing the dose of ICS
controller medications. For adults, the preferred step-up treatment is combination of ICS/LABA. For
patients with persistent symptoms or severe exacerbations, add-on treatments include long-acting
anticholinergics (LAAC), anti-immunoglobin E (anti-IgE), and anti-interleukin 5 treatment. It is to be noted
that LAAC are also referred to as long-acting muscarinic agents (LAMA).

In case of acute exacerbation, a short course of oral corticosteroids is prescribed. Maintenance
oral corticosteroid therapy could be prescribed in patients with severe asthma, although side effects are

common (cataract, glaucoma, hypertension, diabetes, adrenal suppression, osteoporosis, etc.).

Prior to considering treatment escalation, guidelines recommend that physicians verify for common
problems such as inhaler technique, medication adherence, persistent allergen exposure, and
comorbidities. Treatment step-down should be considered once good control has been achieved and
maintained for 3 months. Asthma patients may be given a written asthma action plan tailored to their
level of asthma and health literacy and that will allow them to recognize and respond to worsening asthma
control. The action plan typically includes the patient’s usual asthma medications, instructions on when
and how to increase medications and initiate oral corticosteroids, and how to access appropriate medical

care in case of worsening symptoms.



2.2 Chronic Obstructive Pulmonary Disease

2.2.1 Definition, Prevalence, and Burden of lliness

Although asthma is rarely life-threatening, COPD is a progressive, debilitating, and often fatal disease.*?
Treatment options can improve quality of life and reduce the risk of having an exacerbation but cannot
fully reverse lung function decline. The GOLD guidelines define COPD as a “common, preventable and
treatable disease that is characterized by persistent respiratory symptoms and airflow limitation that is
due to airway or alveolar abnormalities usually caused by significant exposure to noxious particles or
gases.”32 COPD is an umbrella term encompassing two clinical manifestations: 1) obstructive chronic
bronchitis (mixture of small airways disease); and 2) emphysema (parenchymal destruction), of which the
relative contributions vary from person to person. It was estimated that cigarette smoking is the principal
underlying cause in 80% to 90% of COPD cases.>® COPD may also be caused by long-term cumulative
exposure to noxious gases and particles, as well as genetics (alpha-1 Antitrypsin deficiency), airway hyper-
responsiveness, and poor lung growth during childhood. In clinical practice, spirometry is required to
make the diagnosis of COPD and the presence of a post-bronchodilator FEV1/FVC < 0.7 confirms the

presence of persistent airflow limitation, which is the hallmark of COPD.*?

The reported prevalence rates of COPD among individuals over 35 years are highly variable,
ranging between 4-25%.>%>* The discrepancy between these estimates is partly due to the different
methods used to estimate prevalence. Namely, studies based on self-reported diagnosis may
underestimate the true prevalence of COPD in the population, as many individuals with COPD are unaware
that they have this condition. For example, a Canadian study revealed that the prevalence of measured
airflow obstruction compatible with COPD was 16.6% (95% Cl: 14.3%-18.9%), which was two to six times
greater than estimates based on self-reported diagnosis.’ Along similar lines, an administrative database
study estimated that one in four Canadians over 35 years old will develop the disease in their lifetime.>®

More recently, Adeloye et al.>*

published a systematic review and meta-analysis on the global and regional
estimates of COPD prevalence, as part of the Lancet Global Burden Study (GBD), which is the most
comprehensive worldwide observational epidemiological study to date.> From a meta—regression
epidemiological model, it was estimated that there were about 227.3 million COPD cases in the year 1990
among people aged 30 years or more, corresponding to a global prevalence of 10.7% (95% Cl: 7.3%—

14.0%) in this age group. The prevalence and burden of COPD are projected to increase over the coming

decades due to continued exposure to COPD risk factors, coupled with the aging of the world’s population.



The number of COPD cases increased to 384 million in 2010, with a global prevalence of 11.7% (95% ClI:
8.4%—15.0%). According to the GBD,® mortality due to COPD is eight times higher than asthma-related
mortality.

In 2015, Dang-Tan et al.? conducted a systematic review which aimed at providing a holistic
overview of the burden of COPD in Canada, including the direct and indirect costs, the key drivers of
healthcare resource utilization, and the impact of COPD on patients’ quality of life. On average, COPD
patients were found to have 0 to 4 annual emergency department visits, 0.3 to 1.5 annual hospital visits,
and 0.7 to 5 annual physician visits. Moreover, 60 to 68% of COPD patients were found to be inactive and
60 to 72% reported activity restriction. The economic burden is also substantial, with average annual total
cost per patient ranging between CAN $2,444-4,391 from a patient perspective to CAN $3,910-6,693 from
a societal perspective. Although COPD is the fourth leading cause of death in Canada, proper medical
treatment, integrated care, and self-care management programs may reduce the overall burden to
Canadian patients and society.

It is to be noted that some patients may have concurrent diagnosis of asthma and COPD. This
condition is sometimes referred to asthma and COPD overlap (ACO). To this day, no consensus regarding
the definition of ACO exists.>®®” Despite the lack of a universal definition for ACO, there is emerging
agreement that some of the key features of this condition include: 1) persistent airflow limitation in
symptomatic individuals of at least 40 years of age; 2) a well-documented history of asthma in childhood

or early adulthood; and 3) a significant exposure history to cigarette or biomass smoke.>®

2.2.2 Disease Management and Pharmacological Therapy

Similar to asthma, an incremental approach to COPD treatment and management is recommended.

3 each

According to GOLD*? and the Canadian Thoracic society (CTS) guidelines recommendations,*
treatment regimen should be tailored to the patient’s symptom burden, risk of exacerbations, drug
availability, and treatment response. Non-pharmacological management of COPD include smoking
cessation strategies, vaccination, self-management education, pulmonary rehabilitation, and
supplemental oxygen. For patients who have a few symptoms and a low exacerbation risk, short-acting
bronchodilators used on an “as needed” basis are recommended.>® These include SABA or short-acting
muscarinic agents (SAMA). Long-acting bronchodilators, such as LABA or LAMA, are considered the first-
line maintenance therapy in patients with more severe airflow limitation. When disease control is sub-

optimal, the addition of another long-acting bronchodilator as a subsequent step is recommended; as a

result, combined inhalers containing a LABA and a LAMA are often used in patients with moderate to
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severe COPD.>>®0 Long-term treatment with ICS added to long-acting bronchodilators is further
recommended for patients at high risk of exacerbations.

Oral corticosteroids are used to treat acute exacerbations in hospitalized patients, or during
emergency department visits, and were shown to reduce the likelihood of treatment failure and relapse
and improve lung function and breathlessless.®® Similarly, antibiotics, when indicated, can shorten
recovery time, reduce the risk of early relapse, treatment failure and hospitalization duration.??
Continuous prophylactic use of some antibiotics, including macrolides, may reduce the risk of
exacerbations.®? Similar to asthma, guidelines recommend that physicians assess common problems such

asinhaler technique, medication adherence, and comorbidities prior to considering treatment escalation.

2.3 Medication Adherence

2.3.1 Definition

Medication adherence is essential to optimize therapeutic outcomes and reducing the overall disease
burden. The World Health Organization defines medication adherence as “the extent to which a person’s
behaviour — taking medication, following a diet, and/or executing lifestyle changes, corresponds with
agreed recommendations from a health care provider.”” The Respiratory Effectiveness Group further
defines medication adherence as a “multi-phased temporal process” that involves: 1) initiation of
prescribed therapy (primary adherence); 2) implementation of therapy as prescribed (correct dose,
inhalation technique, and frequency); persistence (“duration of the time from initiation to discontinuation

of therapy”®).

Of note, studies which use healthcare data (pharmacy claims, EMR data) to estimate adherence
often make the distinction between primary and secondary adherence. Primary nonadherence is a
discrete event that denotes whether or not a patient redeemed a prescribed medication or an appropriate
alternative within an acceptable period of time after it has been initially prescribed.®* Secondary
adherence is an ongoing process measuring prescription refills among patients who previously filled their

first prescriptions. %
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2.3.1.1 Inhaler Techniques — A crucial Dimension of Medication Adherence in Asthma And COPD

Broadly speaking, medication adherence results in improved clinical outcomes for chronic disease
management, as well as reduced mortality from chronic conditions.® It isimportant to note that in asthma
and COPD, inhaler technique is also a crucial dimension of treatment adherence. Inhaler technique
mistakes are common in these patients, and include failure to coordinate actuation with inhalation and
failure to achieve sufficient inspiratory flow to actuate certain types of inhalers.®®%’A recent systematic
review revealed that the rate of critical inhaler handling errors, defined as errors that may impact the
effectiveness of the delivered drug and thereby lead to the inadequate disease control, was high in asthma
and COPD patients, ranging from 14% to 90%.5 Along the same lines, device-handling errors and their

association with poor disease control in asthma and COPD are also well documented in the literature.®® 7>

74

2.3.2 Methods to Assess Medication Adherence in Clinical Practice

Given that adherence to controller medications is a key determinant of treatment success, it is crucial that
physicians recognize non-adherent patients and actively engage in interventions which aim at enhancing
patient treatment adherence. Yet, assessment of medication adherence in clinical practice can be

challenging. Methods to assess adherence can be classified as direct or indirect and are presented in
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Table 1. Of note, patient self-report, electronic measures and pharmacy claims data are the most widely
used measures of adherence in observational studies and interventional studies. Since each method to
measure adherence has its strengths and limitations, it is generally acknowledged that no gold standard
exists for measuring medication adherence. Alternatively, combining different methods may enhance the

validity of the data collected.”
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Table 1. Summary of different measures to assess medication adherence

Method

Direct

Indirect

Type of Measure
Biochemical testing
e.g. Measurement of

drug/metabolite in blood

or urine

Physician assessment
Based on patients’
accounts during medical
visits

Patient self-report
From validated

questionnaires or patient

diaries
Canister weighing

Pill count

Electronic monitoring

Pharmacy claims data

(available in administrative

claims data, drug

information systems, and

pharmacy management
systems)

Advantages
-Accurate
-Provides physical
evidence that the
patient took the
medication

-Simple
-Inexpensive

-Simple
-Inexpensive

-Simple
-Inexpensive

-Simple
-Inexpensive

-Can assess timing of
ingested or inhaled
doses

-Objective measure
-Prospectively collected
data

-Objective

-Relatively inexpensive
to obtain
-Prospectively collected
data

Disadvantages

-Expensive

-Intrusive

-lll-adapted to inhaler devices

-Not possible to verify inhaler technique
-Complicated to implement in clinical
practice

-Subjective

-Patient incorrect recall

-Patient social desirability bias
-Depends on patient-physician
relationship

-Subjective

-Patient incorrect recall

-Patient social desirability bias

-Requires digital scale and qualified
personnel

-Not possible to verify inhaler technique
-Hawthorn effect

-Hawthorn effect

-Not possible to verify inhaler technique

-Expensive

-Intrusive

-Complicated to implement in clinical
practice

-Hawthorn effect

-Medicine purchase does not guarantee
consumption

-Pharmacy claims databases may be
incomplete, e.g. data availability may
depend on patient drug insurance
coverage

-Not possible to verify inhaler technique
-Not always available in routine clinical
practice

The following sections 2.3.2.1 and 2.3.2.2 provide a more detailed description of all these methods.

Please refer to section 2.3.3 for adherence estimates to asthma controller medications (and

psychometric properties), according to these different methods.
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2.3.2.1 Direct Measures

Direct measures include measurements of the drug or its metabolite in blood or urine.”® These
biochemical tests can be taken randomly or at specific intervals, and are considered to be among the most
accurate methods to measure adherence as they provide physical evidence that the patient took the
medication. However, biochemical testing can be expensive, intrusive, ill-adapted to inhaler devices, and

complicated to implement in clinical practice.

2.3.2.2 Indirect Measures

The following section presents details on indirect measures: 1) physician assessment; 2) patient self-

report; 3) canister weighting; 4) pill counts; 5) electronic monitoring; and 6) pharmacy claims data.

1) Physician Assessment

For physicians, the most practical method of evaluating medication adherence is through patient or
caregiver interviews during medical visits. It is generally acknowledged that using open-ended, non-
threatening and non-judgmental questions may help physicians in detecting their non-adherent patients
more easily.””””® However, reliance on their intuition is not foolproof. In a cohort study conducted by

Sherman et al.,”

adherence was determined using pharmacy claims data in 116 asthma patients and was
compared with physician adherence assessments. Physicians were able to identify 21 (49%) of 43 patients
who refilled < 50% of prescribed doses of long-term controllers and only 3 (27%) of 11 patients who

overused their rescue medications.

2) Patient self-report

Patient-self report measures can also be obtained via structured questionnaires. Several validated
standardized questionnaires have been developed to assist physicians and researchers in detecting
nonadherence. The most frequently used include the 8-item Morisky Medication Adherence Scale
(MMAS-8)%, Brief Medication Adherence Questionnaire,®! and the Medication adherence report scale
(MARS).82 In recent years, a few medication adherence assessment questionnaires have been developed
and validated for patients with chronic respiratory diseases. These include the MARS-A,® a modified
Medication Adherence Report Scale for asthma, the ‘Test of the Adherence to Inhalers’ (TAI),3* and the
Medication Intake Survey-Asthma.®> More details on the validity and psychometric properties of these
guestionnaires are presented in Section 2.3.3. Although self-report measures are simple and inexpensive

to obtain, studies have shown that they are particularly prone to inaccuracies, since patients have a
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tendency to over-estimate their degree of adherence due to patients’ incorrect recalls or attempts to
fulfill treating physicians’ expectations (social desirability bias).®® In the same vein, Gamble et al.*®
revealed that asthmatic patients who initially denied nonadherence only admitted not following
treatment recommendations of their physicians when presented with objective measurements of their

medication adherence, such as pharmacy claims data.’®

3) Canister Weighing

Canister weighing is a simple, albeit relatively costly method, in which adherence is estimated by
successive determinations of canister weight.®® A limitation of this approach is that it requires a digital
scale and qualified personnel to handle it and perform the calculations. In addition, patients can
intentionally actuate the inhaler device without consuming the medicine, in an attempt to appear
adherent to treatment. A possible “Hawthorn effect” may also result from such interventions, whereby a

patient’s behavior may change, as a consequence of being monitored during a study.%?

4) Pill counts

Pill counts assess adherence by comparing the number of doses remaining in a container with the number
of doses that should remain, if a patient has perfect adherence.’® Typically, the number of dosage units
that have been taken between two scheduled appointments or clinic visits are calculated. An example of

a formula that can be used to assess adherence based on pill counts is found below:’®

(Number of dosage units dispensed - number of dosage units remained)

Prescribed number of dosage unit per day x number of days between 2 visits

This method is considered simple and inexpensive, although the manual counting of pills is not a
procedure that can be implemented on a large-scale. Similar to canister weighing, a Hawthorn effect may
come into play. It is also not possible to verify that a dose removed from a container was actually

consumed or whether it was consumed under the correct dosing schedule.”®

5) Electronic monitoring

In electronic monitoring, electronic data capture devices are attached to the drug dispensing device and
data on medication use are prospectively collected.”® These devices can save the date and time of each
inhalation device actuation, and in some cases, may assess the quality of inhalation.”® In asthma and
COPD, inhalation devices include metered-dose inhalers (pMDIs), dry powder inhalers or nebulizers. Thus,

a key advantage of this method is that it can assess the timing of the ingested or inhaled doses. However,
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this method of assessment can be complicated, intrusive, and expensive to implement in clinical practice.

Like canister weighing and pill counts, it is also susceptible to the Hawthorn effect.92°4%

6) Pharmacy claims data
Pharmacy claims data (prescription refills; dispensing data) can be useful to assess adherence, as they
provide information on prescriptions dispensed in community pharmacies. These prospectively collected
data are housed by pharmacy management systems and are populated in large databases of structured
data pertaining to medication services delivered in community pharmacies. They provide evidence
regarding prescriptions that have been filled by the patient, as well as the frequency of refill.”>Pharmacy
claims data are typically available in administrative claims databases, and drug information systems.

Despite their usefulness, these data have some limitations. Namely, prescriptions filled in
hospitals, speciality pharmacies, and long-term care facilities are not typically captured by pharmacy
claims. In addition, they do not contain information on prescriptions which were written by the physician
but not filled by the patient. Another downside is that these data often incomplete and only cover certain
segments of the population or specific medication insurance programs. Thus, it is important to make the
distinction between prescriptions dispensed in pharmacies and those that are reimbursed by payers; not
all medications can be reimbursed, and patients are not all covered by the same drug insurer.%®

Moreover, purchasing medicine does not guarantee consumption. Information on inhaler
technique, which is a critical aspect for respiratory medications, are also not captured in these data.
Nonetheless, they offer more objective measures of medication adherence than patient self-
report/physician assessments and may be easier to implement in clinical practice than electronic
monitoring.*® They also eliminate the possibility of recall bias, as they have been collected prospectively.
Pharmacists often rely of pharmacy claims data to assess patient medication adherence; however, only a
few tools based on pharmacy claims data have been structured to fit around the daily practice of
physicians (please refer to section 2.6 for details).

Despite their limitations, pharmacy claims data have been widely used in pharmacoepidemiologic
studies to assess adherence across various therapeutic fields. Over the years, different metrics based on
pharmacy claims data have been developed to evaluate medication adherence. Some of the most used

are summarized in Table 2.
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Table 2. Summary of different measures to assess medication adherence using pharmacy claims data

Metric

Proportion of days
covered (PDC)?’

Proportion of
Prescribed Days
Covered (PPDC)?

Medication
possession ratio
(MPR) %8

The medication
possession ratio
[modified] (MPRm)%

Continuous measure
of medication gaps
(CMG)?®

New prescription
medication Gaps
(NPMG)%

Compliance ratio
(CR)mo

Formula
Total day's supply
- - - 100
Number of days in evaluation period
= capped at 100
Total day's suppl
y pply £ 100

Number of days prescribed in
evaluation period

Total day's supply

Number of days in evaluation period

Total day's supply
Last Fill date- First fill date +
days' supply of last fill

Total day of treatment gaps
Last fill date-first fill date

Same as CMG, but the denominator corresponds
to the time between the date the provider first
prescribes the medication until whichever of the
following events come first: 1) end of follow-up;
2) censoring due to the patient being switched to
an alternate therapy; or 3) the doctor orders the
medication to be stopped

(Total days' supply - days' supply of last fill)/

last claims date

Last fill date- first fill date

Key features and advantages
-Simple, based upon medication availability

-Based upon medication availability but
takes into account the quantity of drug
prescribed

-Simple, based upon medication availability
-Allows values greater than 1, which would
indicate “oversupply”

-Based on medication availability but
adjusted to include the final refill period.
-Uses the dispensing dates to calculate the
denominator; avoids arbitrary definition of
the end of the observation period
-Provides a measure of nonadherence
-Uses the dispensing dates to calculate the
denominator; avoids arbitrary definition of
the end of the observation period

-Takes into consideration treatment
switches or cessations

-Provides adherence value for the periods
between refills

-Uses the dispensing dates to calculate the
denominator; avoids arbitrary definition of
the end of the observation period

Disadvantages

-Assumes that the medications were
prescribed for daily chronic use

-Excess medication is not considered
Requires the number of remaining refills
for each prescription (not available in all
claims databases)

-Assumes that the medications were
prescribed for daily chronic use

-Assumes that the medications were
prescribed for daily chronic use

-May overestimate adherence in patients
who stopped their therapy prematurely

-Excess medication on hand is not
considered

-Requires physician prescription data (not
available in all claims databases)

-May overestimate adherence in patients
who stopped their therapy prematurely
without physician recommendation



2.3.3 Prevalence of Medication Nonadherence and Persistence

The following sub-sections outline medication adherence and persistence estimates reported in the
literature, according to the methods used (direct vs. indirect). As was previous described in sections
2.1.2 and 2.2.2, there are two main types of treatments in asthma and COPD: 1) quick relief (or rescue)
medications, which are taken on an as-needed basis for short-term relief of symptom; and 2) controller
medications, which are taken regularly to control chronic symptoms and prevent exacerbations. This
section will focus on the adherence to respiratory controller medications, since many studies in the
broader literature have suggested that poor adherence to controller therapy is associated with sub-
optimal treatment outcomes.>''2 The overuse of rescue medications is also an important barrier to
effective treatment management. Indeed, these agents do not resolve the underlying inflammatory
pathology that gives rise to worsening symptoms and may even increase the risk of exacerbations.'%!
Although the overuse of rescue medications is often correlated with low treatment adherence to

102

controller medications,™* it is considered a proxy of worsening symptoms and inadequate disease

control, not a measure of non-adherence per se.

Apart from studies which based adherence estimates on self-report measures, most of the
studies in the literature appear to show evidence of a sub-optimal level of medication adherence in
asthma and COPD patients (often below 50%). Generally, studies using electronic monitoring, self-
report measures, and canister weighting were conducted within small populations, which limits their
applicability to routine clinical practice. In contrast, studies which have used pharmacy claims data to
estimate adherence were conducted in larger and more diverse populations, which enhances their
generalizability and offers the possibility of assessing several dimensions of adherence and medication
use, such as primary adherence, secondary adherence and persistence. However, the operational
definitions to estimate adherence and patient selection were not consistent throughout the studies,
which may have introduced sources of variability. Specific strengths and weaknesses of individual
studies will be further elaborated in the following sections. Notwithstanding their methodological
strengths and limitations, all these studies collectively provide valuable insight on adherence patterns

in individuals with asthma or COPD.
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2.3.3.1 Maedication Adherence Estimates in Asthma
Adherence Estimates from Blood Plasma Levels

In the 1970s and 1980s, blood and saliva measures of theophylline (oral bronchodilator) were
commonly used to examine patient medication use before inhaled anti-inflammatory medication
became the standard of care.l®® However, published studies which have used this approach were
conducted in small populations and did not specifically assess medication adherence per se but rather
aimed at assessing pharmacokinetics properties of theophylline.!®#1% Moreover, a case-series study
advised to use this method with caution, as pharmacokinetic variations and anomalies among some

patients may provide inaccurate estimates of medication adherence.'%®

In 2009, Gamble et al. obtained blood plasma prednisolone levels and cortisol levels (oral
corticosteroids) in 51 patients with difficult refractory asthma who were prescribed oral corticosteroids
as maintenance therapy.'® The investigative team found that 23 patients (45%) were non-adherent
according to the blood plasma prednisolone and cortisol assays. The article did not provide the specific

criteria that was used to define non-adherence.

To best of our knowledge, no direct measures of adherence are currently available for any of

the inhaled controller medications.

Adherence Estimates from Patient Self-Report

Table 3 presents different studies which have compared adherence estimates derived from patient
self-report instruments (e.g., diaries, standardized questionnaires) with more objective measures, such

as electronic monitoring and pharmacy claims data.

Despite their ease of use, self-report measures have several limitations. All studies cited in
Table 3 suggest that patients tend to over-estimate their medication use, compared to more objective
measures, such as electronic monitoring methods and pharmacy claims data (see columns highlighted
in blue). It also appears that these medication adherence questionnaires have not been implemented
in the routine clinical care setting. As shown in Table 3, many have been assessed and validated within
small cohorts, thereby limiting their applicability in routine clinical practice. Of note, the time frame to
assess adherence were relatively short (often less than 6 months), further reinforcing the notion that

these instruments are not adapted to assess long-term medication use.
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nce Estimates Derived from Patient Self-Report Instruments with Other Measures of Adherence

tudy
asign

omized
olled

omized
olled

ective
't

-section
y

center,
ective
t study

Sample

characteristics

and size

n=19
218 y with
asthma

n=55
>18 y with
asthma

n=27
Children with
asthma

n=100
>18 y with
asthma

n=55
218y, with
persistent
asthma

Drugs under
study

Inhaled
controller
medications
(Cromolyn-like
agents)

Inhaled
controller
medications

Inhaled
controller
medications

Mast Cell

Stabilizers, ICS,
LABA

ICS

Follow-up
duration
(Time frame
to assess
adherence)

-Could not
obtain full-
text article,
SO
information
could not be
found

-6 months
(electronic
monitoring)
-1 week
(diary)

6 months

3 months

3 months

Reference
standard
or other
methods

used
Electronic
monitoring

Electronic
monitoring

-Electronic
monitoring
-Canister
weight
Pharmacy
claims

Electronic
monitoring

Adherence or
inhaler use,
according to

reference

standard
10 of 19 subjects
(52.6%) used their
inhaled medication
appropriately
during the study
period

37.5%

-Electronic
monitoring: 50%
-Canister weighing:
69%

Compliance ratio:
0.52 +0.27

Patients used their
ICS on 55% of days
prescribed and
38% of doses
prescribed.

Self-report
inhaler use or
adherence

All subjects
reported using
appropriately their
controller
medication for
more than half of
the study days
92.8%

Children and
mothers: >80%

Mean score: 4.07
1.0

=Mean score of
5=perfect
adherence

43+0.8 at
baseline; 4.1+ 0.8 at
1 month; 4.3 +0.8 at
3 months
=equivalent to
skipping ICS rarely
or never.

Psychometric or
predictive
properties

N/A

Weak correlation
r=0.44

N/A

Weak correlation
% agreement:
75.5%
r=0.348,p=0.01

Moderate to
weak correlation
r=0.42, P<0.001



Study,
country

Jentzsch et
al., 200911°
Brazil

Patel et al.,
201311
New Zealand

Plaza et al.,
201634
Spain

Dimaetal.,
2017%
France

Self-report
method or
instrument

Patient diary
(patient/child
self-report)

Self-report
questionnaire
(no name)

Test of the
Adherence to
Inhalers’ (TAI)

Medication
Intake
Survey-
Asthma (MIS-
A)

Study
design

Prospective
cohort study

Randomized
controlled
trial

Cross-
sectional
multicenter

Prospective
cohort study

Sample
characteristics
and size

n=102
3-14 y with
asthma

n=51
16-65 vy, stable
asthma

n=99
>18 y, with
asthma

n=902
6—-40 y with
asthma

Drugs under
study

ICS

(beclome-
thasone
Dipropionate)

ICS/LABA

Inhaled
controller
medications

Inhaled
controller
medications

Follow-up
duration
(Time frame
to assess
adherence)

12 months

24 weeks

14 days

4 months

Reference
standard
or other
methods

used
-Pharmacy
claims
-Electronic
monitoring
-Canister
weight

Electronic
monitoring

Electronic
monitoring

Pharmacy
claims

Adherence or Self-report
inhaler use, inhaler use or
according to adherence

reference

standard
Pharmacy claims: 97.9%
PDC 70%
Electronic

monitoring: 51.5%
Canister weight:
46.3%

Mean number of
actuations:
26.4-27.1

Mean number of
actuations:
18.7-22.0

46.5% patients 49.5% patients were

were classified as classified as
adherents adherents
CMA MIS score
(mean = sd): (mean £ sd):
60+35% 75+29%

Abbreviations: CMA: Continuous Medication Availability; ICS: Inhaled corticosteroids; LABA: Long-acting 2-agonists, y: years old
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Psychometric or
predictive
properties

Agreement
between
electronic and
canister weight:
kappa=0.76 (95%
Cl 0.65-0.87).
Agreements
between the other
measures were not
obtained.

Limits of
agreement
ranging from
+15.8-25.6
actuations
(obtained from
Bland—Altman-like
plots)

Weak correlation
p=0.293, p=0.01

Moderate to
strong correlation
p=0.51-0.85,p <
.001



Adherence Estimates from Electronic Monitoring Devices

1.197 was one of the first research team to examine the use of electronic devices to monitor

Spector et a
medication adherence in asthma patients. A total of 19 adult asthmatic patients were followed for 12
weeks during a clinical trial. The study reported a mean adherence level to inhaled controller
medications (cromolyn-like agents) of 47%. Other studies which examined adherence to asthma
controller medications using monitoring devices reported estimates ranging from 37 to 50%.17:83:84108
As shown in Table 3, these estimates were obtained from small patient cohorts or RCTs, thus limiting
their generalizability to the real-world setting. Duration of follow-up ranged between 12 weeks and 12

months; therefore, time frame to assess medication adherence varied considerably across studies and

may explain the discrepancy in the estimates obtained.

Adherence Estimates From Canister Weighing

Like patient self-report, adherence estimation from canister weighing tends to generally over-estimate
adherence, compared to other more objective methods. As a prime example, Bender et al. compared
four adherence assessment methods—child report, mother report, canister weight, and electronic
measurements of metered dose inhaler (MDI)— in 27 children with mild-to-moderate asthma who
were followed prospectively for 6 months. Children and mothers reported, on average, over 80%
adherence to prescribed inhaled controller therapy. Canister weight revealed, on average, adherence
of 69%, which was considerably lower than self-report (p-values not provided). On the other hand,
electronic monitoring revealed an average adherence of 50%, suggesting that electronic adherence
monitoring might be more accurate than self-report or canister weight measures. In contrast, a later
study conducted by Jentzsch et al. revealed a strong agreement between canister weight measures and
electronic monitoring [weighted kappa= 0.76 (95% ClI 0.65-0.87)].1%° Notwithstanding, the “canister
dumping phenomenon”, whereby patients intentionally actuate the inhaler device without consuming
the medicine, in an attempt to appear adherent to treatment has been documented in the

literature.?>112
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Adherence and Persistence Estimates from Pharmacy Claims Data

Pharmacy claims data can be used to examine patterns of medication use in large populations with a
large follow-up period, and thus offer the possibility to study different aspects of adherence, including
primary and secondary adherence, as well as persistence to therapy. Of note, studies on primary
adherence typically involve linking pharmacy claims databases to other prescription databases to

obtain information on initial written prescriptions by physicians.

In the literature, primary adherence to asthma controller medications estimates range from 65
to 94%.11312 Studies on secondary adherence to asthma controller medications reported estimates
ranging from 22 to 66 %.2121124130 | these studies, the most common metric to measure adherence
was the PDC, usually measured over a 12-month period. Persistence to asthma therapy is also generally
sub-optimal, with results indicating that between 10 to 40% of asthma patients are persistent to

inhaled controller therapy one year following treatment initiation,2%:128:131,132

A comprehensive portrait of asthma medication use was provided more recently in a US study
conducted by Wu et al.,*** which assessed primary/secondary medication adherence and persistence
to the most common controller medications among a large (n=69,652) and diverse population using
prescription and pharmacy claims data. This study found that 14—-20% of subjects who were prescribed
controller medications for the first time did not fill their prescriptions. Secondary adherence was
assessed using an adjusted PDC, which uses an index date based on the date of the first prescription
rather than the date of the fill. The mean adjusted 1-year PDC was 19% for ICS, 30% for LTRA, and 25%
for ICS/LABA. Additionally, between 64-76% of subjects filled their prescription within 30 days and
again between 31 and 180 days after the initial prescription; the authors referred this behaviour as
“early-stage persistence”. Thus, results from this study contribute to the growing evidence in the

literature regarding the sub-optimal use of medications among asthma patients.

The posology and number of inhaler devices may also have an influence on medication
adherence. Marceau et al. revealed that among ICS/LABA users, persistence is higher in patients on
combination therapy, compared to concurrent ICS/LABA users, i.e. ICS and LABA in two different
inhalers.’3? In particular, combination users were found to be 17% less likely to stop their treatment
(adjusted hazard ratio, 0.83; 95% Cl, 0.78-0.88) and filled on average 0.9 more prescriptions per year
than concurrent users (p=0.0001).*2 In addition, Averell et al. compared once-daily (ICS/LABA)
fluticasone furoate/vilanterol (FF/VI) versus the twice-daily ICS/LABA budesonide/formoterol (B/F) and
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fluticasone propionate/salmeterol (FP/SAL).1?8 The study reported a significantly higher mean PDC for
FF/VI versus B/F (0.453 vs 0.345; adjusted p <0.001) and FP/SAL (0.446 vs 0.341; adjusted p < 0.001).
These results therefore suggest that once-daily ICS/LABA treatment might result in improved

adherence compared with twice-daily alternatives.

2.3.3.2 Maedication Adherence in COPD

Adherence Estimates from Blood Plasma Levels
To best of our knowledge, no direct measures of adherence have been evaluated for COPD

medications.

Adherence Estimates from Patient Self-Report

Studies examining adherence to COPD patients using validated questionnaires, such as the Morisky or
the MARS scale, reported nonadherence estimates to COPD controller medications ranging between
30 and 65%.13313 |n these studies, non-adherence was identified using pre-defined thresholds. For
example, one study summed the total scores from each of item the Morisky questionnaire (6-point
Likert scale) and classified non-adherence by score score <5, after dividing the total score by the
number of questions.'®’

Unlike asthma, there is a paucity of studies comparing the accuracy and validity of self-report
measures with more objective measures of adherence in COPD patients. In 2014, Tommelin et al.
compared the accuracy of the MARS-5 scale for identifying nonadherent users of inhalation medication
among patients with COPD, compared with medication refill adherence (MRA) as the reference
standard.'* The study reported a mean adherence score of 23.5 + 2.6 and 83.4% + 23.8%, using the
MARS-5 and MRA scores, respectively. Of note, the MARS-5 scores can range from 5-25, with higher
scores indicating higher adherence. The investigative team reported a poor correlation between
continuous MRA and MARS-5 scores (p = 0.10; P = 0.011). Sensitivity, specificity and PPV values were
subsequently obtained by dichotomizing MRA adherence score (MRA >80% = adherent) and varying
the non-adherence threshold of the MARS-5 scores from 5 to 20. Even with varying thresholds, MARS-
5 did not reach sufficient sensitivity (53% to 13%), specificity (57% to 94%), and PPV (42% to 57%) to
detect nonadherence compared with dichotomized MRA. In light of these findings, it was concluded
that self-reported adherence measured by MARS-5 is inaccurate in identifying nonadherence to COPD

inhaled controlled medications. An Important strength of this study was that it was conducted in a
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relatively large sample size (n=613) and various measures of accuracy were obtained. However,
adherence was only measured over a 3-month period, which is not ideal, as patients’ medication-taking
behaviour may vary over time. In addition, patients included in the study were part of a randomized

clinical trial, which may not reflect medication use in the real-world setting.

Adherence Estimates from Electronic Monitoring Devices

Studies which examined adherence to COPD medications using monitoring devices are scarce,
especially in the real-world setting. In 2017, Sulaiman et al. published a prospective observational study
which examined the adherence level to salmeterol/fluticasone, a commonly prescribed combination
ICS/LABA, using electronic monitoring devices, in patients who were discharged from hospital. 2*° The
study reported a mean adherence to salmeterol/fluticasone of 22.6% if the doses were taken correctly
and on time. Due to the novel nature of the electronic monitoring device used in this study, the
investigative team was able to successfully evaluate all aspects of inhaler use, including time of use,
the interval between doses, and even the proficiency of inhaler use. As a result, the study highlighted
the extent to which correct inhaler technique is a barrier to optimal medication use in COPD patients
using objective measures and state-of-the-art technology. Another strength of this study was that it
was conducted in a real-world population. However, adherence was only assessed over a 1-month

period within a small sample size, rendering the analysis of adherence patterns over time not possible.

Adherence and Persistence Estimates from Pharmacy Claims Data

There is evidence to suggest that COPD patients display more adherent behaviours than asthma
patients.®* Nevertheless, current evidence reveals that adherence to COPD therapy is dismal. Studies
evaluating adherence to COPD monotherapy treatment (LAMA or LABA) from pharmacy claims data
reported estimates ranging from 38 to 63%.1%14114¢ |n these studies, the most common metric of
adherence used was the PDC and MPR. One study use the compliance rate, which represents the
percentage of days with doses available divided by days to last refill.1*” A recent administrative claims
database study reported a mean PDC to maintenance COPD controller therapy (including monotherapy
and combination therapy) of 47%.*® Additionally, reported estimates of persistence of COPD

maintenance therapy were low, often falling between 9 and 57%.4149-152

It is to be noted that adherence and persistence to triple therapy (ICS/LAAC/LABA) have been

less explored in the literature. Because triple therapy in a single inhaler is a relatively new therapeutic
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option for COPD, studies examining treatment patterns in COPD triple therapy included patients on
multiple inhaler triple therapy (MITT), (e.g., adding a LAMA to an ICS/LABA fixed dose combination).
For instance, a recent administrative database cohort study conducted in a US commercially insured
population revealed that patients on MITT have a mean PDC of 37%.> The research team also found
that adherence for each single inhaler was higher than adherence to MITT. These results support the
notion that adherence could be improved by reducing the number of inhalers in patients with triple
therapy. To the best of our knowledge, this hypothesis has not been fully tested in the literature yet.
Indeed, the Trelegy Ellipta (fluticasone furoate/umeclidinium/vilanterol) is the only single inhaler triple
therapy currently available and gained its marketing authorizations in 2017 in USA and Europe and
2018 in Canada. Due to this recent approval, evaluating adherence to this drug using administrative

databases may be too premature.

2.3.4 Discrepancy in Adherence Estimates Across Administrative Database Studies

There is a large variability in adherence and persistence estimates across many of the studies using
pharmacy claims data. This inconsistency can be explained by differences in the operational definitions
of adherence and persistence, including the time frame to allow patients to fill the initial prescription
and whether or not the following elements were considered in the adherence calculations: 1)
distinction between controller medications and as-needed rescue medications; 2) inclusion of new
users of the medications; and 3) representativity of patient sample.'> For persistence measures, there
is an inconsistency in the definition of the threshold used (grace period), which corresponds to the
number of days allowed between refills to determine whether or not a patient is persistent to
treatment. Despite these inconsistencies, the literature pertaining to medication adherence in

individuals with asthma and COPD suggests that adherence to controller therapy is considerably low.

2.3.5 Predictors of Medication Adherence in Asthma and COPD

Overall, medication adherence is a complex issue woven into a myriad of factors related to patients,
physicians, and healthcare systems. A systematic review of observational studies identified factors
related to adherence to inhaled medications in adults with asthma and found that stronger beliefs in
inhaler medication benefits and older age were good predictors of medication adherence.'®® Other
factors identified in the review include social and economic factors (cost of treatment, prescription
coverage, income); therapy-related factors (reliever prescription, number of drugs, number of daily

dose); condition-related factors (asthma exacerbations, asthma duration, asthma severity, presence
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of symptoms, pulmonary function); and patient-related factors (age, sex, ethnicity, education,
medication knowledge, illness beliefs, comorbidity, healthcare utilization, quality of life).!>> According
to the literature, predictors of adherence in COPD patients are similar to those of asthma patients;
however, COPD patients are often faced with additional problems related to comorbidities, complex
treatment regimens, and polytherapy—all which can contribute to sub-optimal adherence.®
Moreover, many organizational factors related to the healthcare system can have an influence on
adherence outcomes. Factors associated with improved adherence include fewer patients seen per
hour, longer appointment length, evening consultation hours, multilingual staff, consistency of care,
ease of making appointments, ease and effectiveness of telephone communication, and use of

telephone calls for reminders and follow-up.>®

2.3.6 Supporting Medication Adherence in Primary Care

2.3.6.1 The Role of Healthcare Professionals

Healthcare providers have an important impact on patients’ perception of prescribed therapy. Since
most asthma and COPD patients are managed in primary care, healthcare providers, such as community
pharmacists, family physicians, and nurses, can play a prominent role in educating and engaging
asthma/COPD patients on potential treatment benefits. They also have the unigque opportunity to
monitor adherence and disease control and to provide ongoing counselling and inhaler technique
training. In the last decades, healthcare professional-led interventions aimed at supporting medication
adherence have become increasingly popular, especially among community pharmacists. A review
conducted by Wilhelmsen and Eriksoon suggested that interventions delivered by pharmacists and
nurses showed better result in improving adherence and disease control than interventions delivered
by general practitioners.’” Thus, further research is warranted to gain a greater understanding on how
to leverage interprofessional-collaboration to better support patient medication adherence. Indeed,
understanding and resolving adherence problems should be an ongoing process that requires
continuous efforts from healthcare professionals and patients. The following subsections present
examples of healthcare provider-led interventions that aimed at improving patient adherence, as well
as some of the barriers and facilitators that healthcare professionals face when tackling non-adherence

in routine clinical practice.
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2.3.6.1.1 Pharmacists

Community pharmacists frequently interact with patients and have direct access to prescription refill
information. Therefore, they are important influencers of patient adherence since they can easily
monitor medication adherence and identify drug-related problems. As a result, many adherence
interventions in the literature have been structured to fit around the daily practice of community
pharmacists. A recent systematic review and meta-analysis evaluated the effect of pharmacist-led
interventions on asthma and COPD management, focusing mainly on inhalation technique and
medication adherence. Interventions varied across studies and included patient education and
counselling, medication review, assessing adherence based on prescription refills, lifestyle
modification, medication management, as well as cognitive behavioral therapies, such as prescribing,
adjusting, monitoring, and identifying drug-related problems.’® According to the meta-analysis,
pharmacist-led interventions showed a positive effect on medication adherence (1.34 [95% Cl 1.18-
1.53], P <.0001) and inhalation technique (1.85 [95% Cl 1.57-2.17], P < .00001) in COPD and asthma
patients. However, when results were stratified according to patient diagnosis, results were not
statistically significant for COPD patients. Other interesting strategies that can better support
pharmacists’ patient care process include the appointment-based model (ABM), whereby patients have
a designated appointment day to pick up all medications.'® Prior to the appointment, pharmacy staff
call patients to identify any changes to their medications and confirm that each prescription should be
refilled. This process can also help pharmacists to identify, prevent or resolve medication-related
problems. This patient-centered model is clinically appealing; it diverts the pharmacy staff’s focus from

passively filling prescriptions to having a more proactive role in the patient care process.

2.3.6.1.2 Primary Care Physicians

Although the literature on physician-led interventions to support medication adherence is expanding,
these interventions are not as common as pharmacist-led interventions. A qualitative study conducted
by Tarn et al. revealed that only a minority of physicians asked patients detailed questions about
medication adherence during medical visits, although most physicians generally agreed on the
importance on assessing it.2®° It was suggested that time constraints that physicians face when trying
to address numerous health issues during short office visits may impede their ability to efficiently assess
and address adherence. According to the Respiratory Effectiveness group, shared decision-making and

successful clinical management can be achieved when patients and providers have a shared
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understanding and common perception of symptoms and clinical problems.'*® This situation, referred
to as “concordance”, allows physicians to tailor treatment regimens to patients’ needs and preferences,
monitor disease, and identify nonadherence more easily. Furthermore, concordance encourages
patients to increase their engagement and to willingly adhere to their prescribed treatment plan.
Generally, successful primary care-based adherence interventions in asthma and COPD aimed at
enhancing patient-physician communication skills in the context of shared decision-making. Other
successful strategies include patient/physician education, patient counselling, and simplifying therapy

regimens.’® In addition, providing physicians with adherence information feedback has the potential

to support and improve medication adherence (see section Integration of Pharmacy Claims

Data in EMRSs2.6 for more details).

2.3.6.1.3 Nurses

Although nurses are well positioned to support patient medication adherence, nurse-led interventions
are lesscommon in the literature. Nonetheless, several nurse-led interventions were shown to improve
adherence and patient outcomes; these include counseling, comprehensive assessments of medication
during home visits, medication education and written factsheets, care plans and medication schedules,

and verbal and written reminders by telephone or using electronic devices.6%162

2.3.7 Consequences of Medication Nonadherence

A large body of evidence points to the detrimental effects of medication nonadherence on therapeutic
outcomes among asthma and COPD patients. A systematic review conducted by Barnes et al. showed
that good adherence was associated with higher FEV1, a lower percentage of eosinophils in sputum,
reduction in hospitalizations, reduced use of oral corticosteroids, and lower mortality rate in asthma
patients. In fact, the study suggested that 24% of exacerbations and 60% of asthma-related
hospitalizations could be attributed to poor adherence.'®® Along similar lines, another systematic

164 indicated a clear association between adherence and both

review conducted by Van Boven et al.
clinical and economic outcomes, with evidence from studies revealing increased hospitalizations,

mortality, decreasing quality of life, and loss of productivity among non-adherent patients.

Not surprisingly, medication nonadherence places an important cost burden on patients and

healthcare systems. A US study revealed that for 1000 COPD patients, a 5% point increase in PDC

29



reduced the annual number of inpatient visits (-2.5%) and emergency room visits (-1.8%) and slightly
increased outpatient visits (+0.2%); the net reduction in annual cost was approximately $300,000.1
These findings were echoed by a US cohort study which revealed that adherence versus nonadherence
to ICS/LABA combination therapy or LAMA monotherapy in COPD patients was associated with 37.1%
lower overall medical costs (95% Cl: 0.43-0.91) and 53.4% lower inpatient costs (95% Cl: 0.30-0.72).1%°
However, adherence was associated with 46.9% higher (95% Cl: 1.13-1.91) respiratory-related

healthcare (medical + outpatient pharmacy) costs, compared to nonadherence.

Similarly, healthcare costs and loss of productivity are markedly higher in non-adherent asthma
patients, compared to adherent patients.’®> Nevertheless, a large retrospective claims US database
study reported that savings generated by reductions in high-cost events (i.e. hospitalizations, ER visits)
did not compensate for the increased drug costs for adherent vs. non-adherent asthma patients.3°
When comparing the lowest and highest adherence quartile, costs related to asthma care per person
per month increased significantly from $65.11 (95% Cl = $57.02-573.20) to $147.46 (95% Cl = $139.48-
$155.44) for patients on LTRA and from $38.71 (95% Cl = $29.52-$47.90) to 93.13 (95% Cl = $83.70-
$102.56) for patients on ICS. However, in patients with more severe asthma, the study revealed that
higher medication adherence leads to lower health care use and costs despite increased drug spending
(specific numbers were not provided but were graphically summarized). These results suggest that the

cost-benefit balance of improved adherence may be more favourable in patients with more severe

forms of asthma.

2.4 Clinical Decision Support Systems

In recent years, healthcare institutions have increasingly leveraged clinical data captured in EMR and
clinical decision support systems (CDSS) to enhance healthcare and help bridge the gap between
optimal practice and actual clinical care. CDSS are computer applications that analyze and process
clinical data (e.g. laboratory results, prescription data) to assist clinicians in making diagnostic and
therapeutic decisions and implementing evidence-based clinical guidelines at point of care.?® CDSS are
typically integrated in EMR and can simplify access to critical data needed to make decisions, provide
reminders and alerts during medical visits, assist in establishing a diagnoses, or flag inappropriate
prescribing behaviors.? Although this dissertation focusses on the development medication adherence
assessment tools, it is worth mentioning that these tools are a type of CDSS. That is, through the

innovation of healthcare technology, they assist clinicians in providing personalized treatments and
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optimizing prescribing decisions based on patient healthcare data. When designed properly,
medication adherence assessment tools can provide physicians with objective and easily interpretable
information on medication adherence assessment, which is the first step in optimizing prescribing
decisions and improving patient medication adherence. The following subsections summarizes the
literature encompassing CDSS and some of the common challenges of adopting them in clinical

practice.

2.4.1 Clinical Decision Support Systems for Asthma and COPD

The literature reveals a paucity of CDSS for COPD; however, the number of CDSS for asthma are on the
rise. In 2014, Matui et al.X®® published a systematic review that aimed at synthesizing the evidence for
the use of CDSS by healthcare professional treating asthma patients. The review identified 8 CDSS that

were evaluated in clinical trials. Six of the systems were integrated into an EMR,67-172

one was partly
integrated,! and one was a stand-alone system.?® Most of these CDSS provided patient-tailored
recommendations based on treatment guidelines. In addition, the CDSS comprised a wide array of
clinical tools, including data entry sheets, standardized documentation for asthma severity
classification, standardized drug and spirometry order sets and asthma action plans. Despite their great
potential, the review revealed that these CDSS were not frequently used during the study evaluation
periods and concluded that the current generation of CDSS is unlikely to result in improvements in

outcomes for patients with asthma. In 2018, McKibben et a/.?”®

published a systematic review that
gathered evidence on the use of computerized alerts that identify excessive prescribing of SABAs to

improve asthma management. A total of four CDSS were identified. 231174175 |n addition to alerts, the

29-31 175

interventions also provided guidelines decision supports, allergy specialist referrals,*’>self-

2931 and patient information letters.'’* The authors

management plans,?® patient advice sheets,
concluded that there is some evidence that electronic alerts can reduce excessive prescribing of SABAs,
when delivered as part of a multicomponent intervention in an integrated health care system. Further
research is required to establish optimal design of such systems. In addition, heterogeneity across

healthcare systems may be present interoperability challenges.

More recently in 2019, Gupta et al.1’® developed a computerized clinical decision support
system (the Electronic Asthma Management System (eAMS)) to address major care gaps and sought to
measure its impact on care in adults with asthma. The eAMS consisted of a touch tablet patient

questionnaire completed in the waiting room, with real-time data processing producing EMR-
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integrated clinician decision support. The eAMS improved asthma quality of care in real-world primary
care settings, as evidenced by an increase in asthma action plan delivery by (from 0% at baseline to
17.8% of patients and 30.5% of visits with the intervention). Nevertheless, authors acknowledged that
even when CDSS improve care, time constraints are a critical barrier to their usage. They also pointed

that system improvements may be considered to further enhance uptake of the tool.

2.5 Clinical Adoption of New Health Information Systems:
Conceptual Frameworks

It is beyond doubt that CDSS have become increasingly relevant and hold the potential to transform
health care, while optimizing prescribing practices and enhancing quality of patient care in a timely
manner. However, most studies which have evaluated the implementation of CDSS in clinical practice
have concluded that their uptake in clinical practice need to be enhanced. Similar usability challenges
have also been observed with medication adherence assessment tools (section 2.6.2). Indeed, the
deployment of health information systems, such as CDSS, around the world continues to turn in mixed
performances: from benchmark successful implementations resulting in transformations in patient
care to never being implemented in a clinical setting. The evidence supporting the key features that
improve their performance in routine clinical practice is well documented in the literature. 7-17° |n
general, successful CDSS have the following three characteristics: (1) decision support integrated into
the workflow; (2) decision support delivered at the time and place of decision making; (3) actionable

recommendations are provided; (4) recommendations are based on validated and accurate data; (5)

information is presented in a user-friendly and easily interpretable format.

To gain a better understanding of the processes and possible challenges with clinical adoption
of health information systems, including CDSS, several adoption models have been developed,
including the Fit between Individuals, Task and Technology (FITT) framework,® the Clinical Adoption
Framework,!8! and the Design-Reality Gap Model from Heeks.'®? Price and Lau®®® have highlighted that
while these models are useful in gauging the clinical relevance of new health information systems, they
are not sufficiently contextualized in a manner that can be accessible to key stakeholder audiences such
as clinicians and administrators. Furthermore, they fail to generate a seamless link between health

information technology adoption and clinical benefit over time.
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To fill this research gap, Price and Lau'®® developed the “clinical adoption meta-model”, which
describes the clinical adoption of health information systems based on four dimensions related to post-

deployment adoption: (1) availability; (2) use; (3) behavior changes; and (4) outcome change.

Table 4 provides a summary of the key features of this model, along with examples of indicators
that can help stakeholders to better evaluate the development and deployment of new technologies
in clinical practice. In addition, the model puts forth seven archetypes to describe the typical adoption

trajectories for clinical information systems; these are summarized in Table 5.

For researchers and implementers of new health information systems, this model can: (1) help
link implementation goals to the expected behavioral changes of end-users; (2) optimize the study
design of implementation/feasibility studies and determine the most appropriate study outcomes; (3)
provide valuable insights that can help better understand challenged implementations. For this reason,
the clinical adoption meta-model will be revisited throughout this thesis and will be used to better

conceptualize the adoption of e-MEDRESP into clinical practice.

Table 4. Clinical Adoption Meta-Model: Key features and Dimensions Assessed

Dimension Definition and key aspects Aspects and examples of
indicators
AVAILABILITY Ability for the end users to e User access: percentage of
access and interact with a HIS uptime of an EMR
e System availability: Number of
users with accounts to access
SYSTEM USE Interactions with the HIS by e Use: Number of

intended end-users logins/user/month
e User experience: Survey of

user experience

CLINICAL BEHAVIOUR

CLINICAL OUTCOMES

Meaningful adaptation of °

clinical workflows or health
behaviors that are facilitated by
the HIS

Impacts attributable to the
adoption of the HIS
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General capacity: Number of
patients seen per day in the
office

Specific behaviours: Rate of
blood pressure screening
Patient outcomes: Increase in
medication adherence




e Provider outcomes: Decrease
in inappropriate prescribing in
elderly patients

Abbreviations: HIS: Health information system
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Table 5. Archetypes that Describe the Typical Adoption Trajectories for Health Information Systems
(HIS), based on the Clinical Adoption Meta-Model
Description

Archetype
No
Deployment

Low Adoption

Adoption
without
Benefit
(behaviour
and outcome)

Behaviour
Change
without
Outcome
Benefit
Adoption
with Outcome
Benefits

Adoption
with Harm

Benefit
without Use

HIS is not released to its users

Use of HIS initially increases but is not
sustained

No behavior changes or outcome
benefits are seen that can be attributed
to the new HIS

HIS is available and uptake by end-users
is high and sustained over time
Changes in behaviours and outcomes,
do not occur

HIS is being used
Intended behaviour change occurs
Expected outcomes are not realized

Most desirable archetype

There is a correlation between HIS
availability, use, behaviour, and the
expected outcomes.

Least desirable archetype

Unintended consequence(s) occur after
the deployment and adoption of the HIS
resulting in a measured harm

One or more confounding interventions
have occurred to achieve the expected
improvements.

Abbreviations: HIS: Health information system
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Contribution factors (examples)

e Development is not completed

e Atechnical flaw prevents
deployment

e Misalighments between new HIS
and clinical practice

e Afterinitial use, value is not
perceived by users or new HIS may
be too cumbersome

e An existing process is simply
replicated by the HIS

e End-users chose not to incorporate
the features of the new HIS

e Good practice was already present

e The duration of evaluation is not
sufficient to see changes.

e Qutcomes are already good

e Alonger time is required to see the
clinical outcome

e Behaviours supported are not
linked to the outcome

e Seamless integration of HIS into
clinical workflow

e Good alignment between HIS
features and unmet clinical needs

e Misalignment between HIS features
and unmet clinical needs

e Patients may undergo multiple
interventions that aim to improve
the same outcome as the HIS,
rendering the assessment of the
clinical relevance of the tool more
difficult.



2.6 Integration of Pharmacy Claims Data in EMRs

It is beyond doubt that the digitization of healthcare practices has become a game changer for patient
care improvement. Over the years, structured electronic medication data are no longer being solely
used for administrative and billing purposes, they now have the potential to enhance clinical activities
in the entire medication management cycle. Notwithstanding this ongoing healthcare revolution,
integrating electronic medication data within the clinical workflow is a complex endeavor. Sections
2.6.1 and 2.6.2 will present examples of medication adherence assessment tools that have been
implemented in clinical practice. Their key features will be described, as well as the barriers and

facilitators that were encountered during their implementation process.

2.6.1 Quebec Context
Quebec Health Record (Dossier Santé Québec)

In the Quebec province, there is a lack of medication adherence tools that are adapted to clinical
practice. Since 2013, physicians in the Canadian province of Quebec can access pharmacy claims
through the Quebec Health Record (QHR), which is a data repository that allows physicians,
pharmacists, and other healthcare professionals to access health information on their patients.?’All
Quebec-based EMR providers provide direct access to the QHR via their EMR. Of note, the QHR is not
to be confused with EMRs. An EMR is an “electronic record of health-related information on an
individual that can be created, gathered, managed, and consulted by authorized clinicians and staff

7184 whereas the QHR is a data warehouse that regroups patient

within one health care organization,
health data across various healthcare organizations, including hospitals (mostly laboratory and imagery
tests) and pharmacies. As such, the QHR is not a medication adherence tool per se; it is a data repository

that stores medication lists, among other types of patient health data.

In 2018, Motulsky et al. published a comprehensive report on the clinical usefulness of the QHR
using a mixed-methods research approach.'® The aim of the study was to identify the benefits and
usability challenges associated with the three QHR clinical domains—medication, laboratory, and
medical imaging—that are currently available to QHR users. Findings revealed that the medication
domain was the most widely used among the three domains in many primary and tertiary healthcare
settings, with family physicians being the most frequent users. The main advantage of the medication

domain is that it paints a more complete profile of patient medication use than EMRs, since patient
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information comes from various prescribers in different healthcare settings, and over prolonged
periods of time. One major drawback, however, is that it provides raw and unprocessed pharmacy data.
When it was initially available to healthcare professionals, information on filled prescriptions,
regardless of reimbursement status, was available. Now, it also includes all medications entered in the
pharmacy system, including those that were not dispensed by the patient. Nevertheless, little effort
was made to aggregate and process the medication data (i.e., one line per prescription), which can be
hard for healthcare professionals to interpret and integrate in their workflow, especially for
polymedicated patients. Many redundancies and duplicated records in the medication domain were
reported, as well as a lack of standardization of the fields that were used to describe prescription refills.
Thus, it appears that QHR developers have not performed analysis on the pharmacy data prior to
making them available to physicians—an approach that could facilitate data interpretation. To
overcome these challenges, the report recommended to develop tools integrated within the QHR that
could classify medications according to generic names, dosage, date of dispensing’s, type of prescriber,

and pharmacy.

2.6.2 Maedication Adherence Assessment Tools Based on Pharmacy Claims Data

Only a few tools based on pharmacy claims data have been structured to fit around the daily practice
of family physicians. This section provides an overview of these tools, which were identified through
the MEDLINE and EMBASE bibliographic databases using a search strategy validated by a librarian. For
this narrative literature review, only tools designed for physicians were retained. A total of 8 tools were
identified, 4 of which were not disease specific, 2 which were adapted for asthma, and 2 which were
adapted for diabetes. Medication adherence assessment tools adapted to COPD were not found. The
lack of tools may be due to the fact that smoking cessation programs are the main area of behavioral
research well tested with COPD patients.’®® Table 7 provides a summary of studies on medication
adherence assessment tools, based on pharmacy claims data, which were developed for physicians.
Further details on each tool are provided in section 2.6.2

A summary of the clinical usefulness of each tool, assessed based on specific pre-determined
criteria that were inspired by the literature, is presented in Table 8. Some of the criteria were also
obtained from the Clinical Adoption Meta-Model that was discussed in the previous section (section
2.5). Broadly speaking, several criteria and factors will facilitate physician adoption of new healthcare
information technology in clinical practice.'® First, the ideal e-health tool should be seamlessly
integrated in clinical practice and not result in loss of productivity or increased clinician burden, 8818

Second, the tool should be user-friendly and intuitive.’91°2 Moreover, prior data processing should be
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carried out to allow physicians to efficiently assimilate a large amount of clinical information in a timely
manner.1%19|n this context, tools based on pharmacy claims data should contain easily accessible and
interpretable information on medication adherence and use, as opposed to raw data (one line per
filled prescription). Third, it is important to consider the physician and patient perspective to ensure
the effective uptake of e-health technologies throughout the design, development, and testing
process.’®” Alongside these factors, the extent to which the tools were rigorously evaluated in clinical
practice was also assessed. Outcomes of interest include physician uptake of tools in clinical practice,
user feedback on tool, and capacity of tool to improve medication adherence. Many of these outcomes
are captured by the Clinical Adoption Meta-Model, as shown in Table 6. Collectively, these components

will ultimately allow identify the research gaps, which will be presented later in section 2.6.3.

Table 6. Using the Clinical Adoption Meta-Model to Assess the Clinical Usefulness of Medication
Adherence Assessment Tools.
Dimension Definition Examples of indicators

AVAILABILITY Ability for the end users to
access and interact with a HIS

Was the tool integrated in an EMR?

SYSTEM USE Interactions with the HIS by e Was use of the tool monitored in
intended end-users clinical practice?
e Was user experience captured
through questionnaires/surveys or

interviews?

CLINICAL BEHAVIOUR  Meaningful adaptation of e Did the tool optimize prescribing
clinical workflows or health behaviours of physicians?
behaviors that are facilitated by e  Did the tool reduce unnecessary
the HIS treatment escalation or result in a

simplification of the therapeutic
regimen?

e Were physicians more proactive in
tackling medication adherence in
clinical practice?

CLINICAL OUTCOMES  Impacts attributable to the e Did the tool result in improved
adoption of the HIS patient medication adherence?

Abbreviations: EMR: Electronic Medical Record; HIS: Health information system
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Table 7. Medication Adherence Assessment Tools Based on Pharmacy Claims data That Were Designed for Physicians

Study/Tool, Country,

year

Surescripts™
Medication
Management for
Adherence!%5:1%
USA

2011-present

Personal medicine
profile

(PEM)*

DENMARK

2012

Veterans Affairs
Electronic Medical
Record System??
USA

2006-present

Study Design

N/A

N/A

N/A

Number of
patients/
Physicians

Study

population

Description of Tool

and physician use

TOOLS THAT ARE NOT DISEASE-SPECIFIC

N/A

The PEM has
been
evaluated in
583 patients,
but tool
appears to be
available
nationwide

Tool has been
evaluated in
38 327
patients,
total number
of patients
for whom
tool is
available is
not indicated
in the
literature

N/A

Tool has
been
evaluated
in elderly
patients 2
65 years
old, taking
more than
4 drugs per
day

u.s.
Veteran
population

Clinicians can
request aggregated
pharmacy claims
data in real time
within their EMR via
Surescripts, an e-

prescribing network.

Web-based tool for
electronic
prescription and
monitoring of

purchased medicine.

Algorithms
integrated within
EMR System to
measure drug
adherence.
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Method/metric for
assessing adherence

PDC

Clinicians can see the past
12 months of a patient’s
prescription history to
help determine
medication adherence

Graphical presentation of
adherence over a 15-
month period, calculated
by daily dosages, number
of tablets purchased per
month, and expected
time to refill

Graphical display of
patients’ medication refill
gaps for each prescribed
medication in a visually
accessible, clear,
graphical format

Physician use, Adherence
patient/physician improvement
feedback
NOT EVALUATED NOT EVALUATED
NOT EVALUATED NOT EVALUATED
NOT EVALUATED NOT EVALUATED



Study/Tool, Country,
year

Medical office of the
21st century
(MOXX|)197,198
Canada (QC)

2006

Nb. Many articles on
MOXXI were published;
two of these studies
were retained for the
purpose of this
literature review

Med-Resp!®®
Canada (QC)

2019

Study Design

1) Implementation
follow-up study,
which aimed to
develop and
evaluate the
acceptability and
use of MOXXI*%7

2) RCT which
aimed at
evaluating

the capacity of
MOXXI to enhance
adherence among
patients taking
antihypertensive
and lipid-lowering
drugs'®®

Sequential
exploratory pilot
study

Number of Study
patients/ population
Physicians

Implementation follow-up
study:

-28 family physicians
-13,515 patients

RCT:
-2,293 patients

Description of Tool
and physician use

Portable electronic
prescribing and
integrated drug
management system
(via a tablet)

that allowed
physicians to write
and transmit
prescriptions from
any location

TOOLS ADAPTED FOR ASTHMA

Physicians=6 = Adults with
(pulmonologi = moderate-
sts) to-severe
Patients= 23 asthma

Paper-based
graphical tool was
given to the
pulmonolgist prior to
the medical visit

40

Method/metric for
assessing adherence

Graphical display of
adherence:

-The medication profile
displays days of drug
supply, available by
calendar time, based on
the date the drug was
dispensed and the
duration of the
prescription.

-Drugs prescribed by the
physician are displayed as
blue bars, those
prescribed by other
physicians as red bars.
Drugs that are prescribed
electronically but are not
yet dispensed are shown
as grey bars

-Calendar showing
monthly dispensing of
asthma controller and
SABA medications, as well
as oral corticosteroids.
-Bar charts illustrating the
daily dose of ICS, number
of oral corticosteroids,
and weekly doses of SABA
on a quarterly and annual
basis.

Physician use,
patient/physician
feedback

Implementation
study

-Biweekly use rate
of physician use of

medication profile:

12.6/100 visits.

-Mean (sd) rating
of medication
adherence
assessment tool
(physician
satisfaction): 3.5
(0.98)

Based on five-
category Likert
scale

PHYSICIAN USE
Not evaluated

USER FEEDBACK
Tool was highly
appreciated by
pulmonologists
and patients
following
completion of
feedback
questionnaire/
phone interview

Adherence
improvement

RCT
ADHERENCE DID NOT
IMPROVE

Adherence was defined as
the proportion of days in
which an individual had a
supply of prescribed
medication on the basis of
prescription refills and was
calculated for each active
drug at the index visit.
Adherence was estimated
in the 3 months prior to the
index visit and the 6 months
after.

ADHERENCE DID NOT
IMPROVE
Adherence was measured 6

months before and after
index visit (via PDC),
according to each controller
medication



Study/Tool, Country,

year

Williams et al., 20103
USA

Schectman et al.,
20042%
USA

Study Design

Clustered RCT

Prospective cohort

Number of

patients/

Physicians
Providers
n=188
(n=88
intervention;
n=105
control)
Patients
n=2,698
(n=1335
intervention;
1363 control)

Study
population

Adults with
asthma

Description of Tool
and physician use

Physicians could
view updated ICS
adherence
information on their
patients referred to
as general
adherence
information via
electronic
prescription
software
(ePrescribing)

TOOLS ADAPATED FOR DIABETES

83 physicians

340 diabetic
patients

Adults
patients
with type 2
diabetes

Physicians were
provided with a
feedback report on
the most recent date
and result of
diabetes care
measures and recent
diabetes medication
refills

AND

An educational
session on
intervention was
provided to the
physicians
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Method/metric for
assessing adherence

General adherence
information: CMA

Details on patient ICS
adherence:

1-year graphic
representation of the
time of prescription, time
of fill and day’s supply

-Refill adherence (for oral
agents): Number of days
of therapy dispensed on
all but the last
prescription in interval/
total number of days in
interval.

-Average daily dose (for
oral agents and insulin):
dispensed amount/ refill
interval

Also available:

One line per filled
prescription of insulin or
oral agent (with date of
refill, strength, and dose)

Physician use,
patient/physician
feedback
General adherence

information:
viewed in 70% of
patients

Detailed
adherence
information :
viewed in 2.6%
patients

-65% physicians
perceived the
intervention
favorably.

-77% of physicians
stated that the
adherence
feedback was
moderately to very
easy to understand
-92% stated that it
was moderately to
very useful.

Adherence
improvement

IMPROVEMENT IN
ADHERENCE REPORTED
Adherence was significantly

higher in the intervention
group when the patient's
physician chose to view
detailed adherence
information compared with
patients in the control arm
(35.7% vs. 23.3%; p=0.026)
and patients from the
intervention arm whose
physician did not view
adherence information
(35.7% vs. 12.3%,; p=0.002).
Adherence was assessed in
the last 3 months of the
intervention via CMA

IMPROVEMENT IN
ADHERENCE REPORTED

Adherence improved
among patients of
physicians attending the
educational session.
Mean absolute increase:
95% Cl: +1.8% to +6.6%
(P=0.009)

Adherence was assessed in
the pre- (June to November
2001) and post intervention
(January to June 2002)
periods



Study/Tool, Country, Study Design Number of Study
year patients/ population
Physicians
Dixon et al., 2016%° Before-After Pilot 15 family Adult
USA Study physicians patients
with type 2
96 patients diabetes

with diabetes

Method/metric for
assessing adherence

Description of Tool
and physician use

Web-based module PDC
for an EMR system
to electronically
integrate the capture
and presentation of
information
regarding patients’
disease
management,
medication
adherence, and
perceived barriers to
adherence

Physician use,
patient/physician
feedback

Only half of the
providers believed
that the tool was
useful to patient-
provider
conversations on
adherence; the
remaining
physicians
responded
negatively or were
neutral.

Adherence
improvement

IMPROVEMENT IN
ADHERENCE REPORTED

Adherence significantly and
meaningfully improved
(improvements ranged from
6% to 20%) consistently
across diabetes as well as
cardiovascular drug classes.

PDC was assessed over the
12-month period prior to
the intervention period and
over 9 months after the
intervention period

Abbreviations: Cl: Confidence interval; CMA: Continuous medical availability HIT: Health information technology; ICS: Inhaled corticosteroids; PDC: Proportion of

days covered; MPR: Medication possession ratio; RCT: Randomized clinical trial; SE=Standard Error; VA=Veterans affairs
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Table 8. Evaluation of Clinical Usefulness of Medication Adherence Assessment Tools Based on Pharmacy Claims Data

v" advantages x limits v element is available, but only partially ? unable to verify in the literature

Physician workflow and Tool Current availability in
. . . Tool components .. .
Evaluation of tool in clinical practice Development clinical practice

Study/Tool, Integration in an

Country, year EMR
Surescripts™ YES
Medication
Management for
Adherencel®1%
USA
2011-present v
Personal medicine NO

profile
(PEM)*
Denmark
2012

Veterans Affairs
Electronic Medical
Record System??
USA

2006-present

Medical office of
the 21st century
(MOXX|)197,198
Canada (QC)
2006

Web-based tool

YES

v
NO

Separate electronic

prescribing and

drug management
system, available

via hand-held
device
X

Evaluation in
routine clinical

practice and
RCT

WAS NOT
EVALUATED

X

WAS NOT
EVALUATED

X

WAS NOT
EVALUATED

X
YES

Evaluatedin a
large feasibility
study and RCT

(n=13,515)

v

Monitoring of Involvement of Graphical display = Medication dosages, Adherence Patient
physician use  primary end- or calendar of name, potency evaluation  population
in clinical users and user  drug dispensing period and coverage
practice feedback metric
TOOLS THAT ARE NOT DISEASE SPECIFIC
WAS NOT Unknown YES YES 12 months  Nationwide
EVALUATED Metric:
PDC
X ? v v v v
WAS NOT Unknown Individual graph YES 15 months National
EVALUATED per drug, showing  But system is unable
prescription to capture all Metric:
duration refill dispensed PDD
gaps medications
X ? v v v v
WAS NOT Unknown Individual graph YES 12 months Only
EVALUATED per drug, showing available for
prescription US veterans
duration refill
gaps
% ? 4 X v X
YES Physician Graphical display YES 6 months Only
Low use of the ~ feedback was of all prescribed available for
medication obtained during = drugs, along with patients
profile (15/100 feasibility study day’s supply with public
medical visits) drug
insurance
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Currently

available in

clinical
practice

Available
to 6300
providers

v

Unknown

)

YES

v

Unknown

)



Physician workflow and Tool Tool components Current availability in
evaluation in clinical practice Development clinical practice

Study/Tool, Integration in an Evaluation in Monitoring of Involvement of Graphical display Medication dosages, Adherence Patient
Country, year EMR routine clinical  physician use primary end- or calendar of name, potency evaluation  population
practice in clinical users drug dispensing period and coverage
practice metric
TOOLS ADAPTED FOR ASTHMA
Williams et al., YES Assessed via YES Unknown Graphical display YES 12 months Unknown
20105 cluster RCT Moderate to of all prescribed CMA
USA Large sample low use drugs, along with
size (n=1,335) day’s supply
v v ? v v v ?
Med-Resp*® NO YES NO PRIOR Development  Graphical display YES 12 months Only
Canada (QC) Small sample EVALUATION  with physicians of all prescribed  Medication name not individuals
2019 Paper-based size (n=23) and patients, drugs, along with  available; adherence with private
user feedback day’s supply information is drug
obtained summarized by insurance
pharmacologic class
« « « v v v v x
TOOL ADAPTED FOR DIABIATES
Schectman et al., NO YES NO Physician NO YES Refill Unknown
2004200 feedback was adherence
USA Paper-based small sample obtained One line per filled Average
size (n=343) prescription daily dose
Dixon et al., YES YES, pilot study, NO Physician No detailed YES 12 months Unknown
2016% small sample feedback was information on Medication name not PDC
size (n =99) obtained medication use available; adherence
information is
summarized by
pharmacologic class
v v x v « v v ?
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Currently
available in
clinical
practice

Unknown

NO

X

Unknown

?

Unknown

)



2.6.2.1 Non Disease-Specific Adherence Assessment Tools Based on Pharmacy Claims Data

Surescripts™ Medication Management for Adherence — USA

Physicians in the US can request pharmacy claims data in real time within their EMR via Surescripts, a
nation-wide health information network that connects virtually all EMR vendors, pharmacy benefit
managers (PBMs), pharmacies, and clinicians.®>'% An increasing number of health plans, along with long-
term and post-acute care organizations, specialty hubs and specialty pharmacy organizations are also
connected to Surescripts. For patients who provided prior consent, physicians can view the past 12
months of their prescription history to help determine medication adherence. Available data include
pharmacy claims from retail and mail-order pharmacies, and from pharmacy benefit managers for private
and public insurers. A key advantage of the Surescripts medication history module is that it is directly
integrated within the EMR workflow. In other words, no connection to an outside portal or additional
login credentials are required to access Surescripts. For each medication dispensed, the generic drug
name, dosage, days’ supply, quantity dispensed, prescription date, as well as the National Drug Code, are
provided. Colour codes are also applied to designate adherence levels (green: optimal; yellow: medium;
red: sub-optimal). Furthermore, clinicians can receive medication-specific messages based on each
patient’s diagnosis and PDC score. They can also document reasons behind nonadherence and may send
the information to payers. For example, if medication cost is an issue for the patient, physicians can

directly communicate this information to the payer through the portal.

To the best of our knowledge, no study has evaluated the rate of physician use of this tool or its
capacity to improve medication adherence, which makes it difficult to assess its clinical usefulness.
However, Comer et al. have used Surescripts to identify the prevalence and predictors of 1) medication
discrepancies between pharmacy claims data and the medication list in a primary care EMR;?%! 2) primary
nonadherence to antihypertensive therapy in primary care practice.?® To the best of our knowledge,
Surescripts™ does not appear to have been developed in collaboration with the primary end-users (not

reported in the literature).
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Personal electronic medicine profile (PEM) — Denmark

The personal electronic medicine profile (PEM) is a web-based tool for electronic prescription and
monitoring of purchased medicine in Denmark.?! It can provide patients, physicians, and pharmacists with
an individually based overview of all prescribed and dispensed drugs in Denmark, including information
on time of drug purchase, number of tablets, and daily dosage. Moreover, the PEM contains a graphical
display of adherence, calculated by daily dosages, number of tablets purchased, and expected time to
refill. The medication information presented in PEM is extracted from Denmark’s National Prescription
(NDP) database. In 2012, Harbig et al. evaluated the accuracy of the PEM as a tool for monitoring drug
nonadherence as compared with pill counts.?* The study found that PEM could not accurately process
nonadherence in 44% of all drugs. The major sources of error included incomplete prescription
information (34%) and inaccurate dosage registration (10%), which occurred due to data extraction errors
between the NDP and the PEM. Although the authors concluded that the PEM is inferior to pill counting
methods in terms of accuracy of drug nonadherence monitoring, they highlighted that the PEM could be
a powerful tool for electronic monitoring of drug nonadherence if prescription information was recorded
uniformly and correctly. Therefore, further work is needed to enhance the accuracy of this tool and to
validate its use in routine clinical practice. To the best of our knowledge, no studies on the PEM have been
published since, which makes it difficult to assess its clinical usefulness. Its capacity to improve adherence
has not yet been assessed. From the published literature, we cannot establish whether PEM has been

developed with the primary end-users.

Veterans Affair Electronic Medical Record System — USA

Since 2006, the Veterans Affairs electronic medical record has begun to display patients’ medication refill
gaps for each prescribed medication in a more visually accessible, clear, graphical format.?? Although this
information does not account for hospitalizations or prior overstocks due to dosage changes, this type of
easily accessible, objective information at the time of prescribing or renewing prescriptions is an
important first step in ensuring that assessment of current adherence becomes an integral part of
outpatient clinical decision making. To our knowledge, however, the accuracy and usefulness of this tool
to monitor and improve adherence has not been reported in the literature. It has been previously used to
assess the prevalence of nonadherence and relationship between patient adherence and treatment
escalation among patients with poorly controlled hypertension. To the best of our knowledge, this tool

does not appear to have been developed with primary end-users (not reported in the literature).
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Medical Office of the XXIst Century (MOXXI) — Québec, Canada

A McGill-based research team led by Robyn Tamblyn developed and evaluated the acceptability and use
of an integrated electronic prescribing and drug management system (MOXXI) for primary care
physicians.'®” Specifically, MOXXI is a portable electronic prescribing and integrated drug management
system that enables physicians to write and transmit prescriptions using a handheld personal digital
assistant. Among its many features, MOXXI has a medication profile dashboard and medication adherence
monitoring tool which provides a calendar summary of the patient’s current medication therapy.
Medications prescribed or dispensed in the past six months are shown with a color legend corresponding
to: 1) whether a medication that was prescribed has been dispensed; 2) medications prescribed by other
physicians; 3) lapses in treatment as calculated by drug by day exposure; and 4) therapy overlap days.
MOXXI is only available for patients with public drug insurance (RAMQ).

During an implementation study, physicians were asked to rate the ease of use, intent to use,
actual use, expected impact, and perceived value of the MOXXI system, through questionnaires with five-
category Likert scales.? According to respondents, the medication profile was the most useful and highly
rated aspects of the system. The list of prescribed medications and list of medication dispensed had a
mean * sd rating of 4.13 £0.74. On the other hand, the medication adherence assessment tool had a mean
rating of 3.5 £ 0.98. In the first 20 months following implementation, the biweekly use rate of the
medication profile was 12.6/100 visits. To explain this low use, authors suggested that the handheld
devices in which MOXXI could be accessed were “barely adequate” to handle the complexity of this
system. Limited screen size, memory, and battery life were some of the constraints encountered by users.
Authors also indicated that the small sample size limited the ability to assess physician-level determinants
of use.

During a subsequent RCT, the capacity of MOXXI to enhance patient adherence was evaluated
among patients taking antihypertensive and lipid-lowering drugs (n=2293).1%® On average, physicians
reviewed the drug profile in 15 per 100 visits, and access was greater for patients on multiple medications.
No significant change in refill adherence was observed after 6 months of follow-up. The study authors
found that patients whose physician accessed the adherence monitoring tools were more likely to have
their drug profile reviewed. However, when adherence problems were detected, authors indicated that
physicians may not have had the capacity to intervene when the reasons for nonadherence related to a
patient’s medication beliefs and motivational issues rather than therapy-related problems such as side

effects, complexity, or cost. Thus, it was concluded that the capacity of MOXXI to result in increased
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adherence could be enhanced if it were part of a multi-factorial intervention involving a multi-disciplinary
care team that could provide counseling to non-adherent patients.

The MOXXI system has many clinically appealing and notable features. First, the tool was
evaluated using rigorous research methods. Second, detailed information on medication use is presented
in a user-friendly format and physicians can also identify prescriptions which were never filled, thereby
them allowing them to evaluate both primary and secondary adherence at a glance. Third, the tool also
serves as an e-prescribing platform and a drug management platform and collects data on healthcare
utilisation (hospitalizations, ER visits), which may better inform physicians on patient therapeutic
outcomes. It is thus no surprise that the tool was highly rated among physicians. However, at the time of
its conception and implementation, EMR were not available in any of the participating clinics. Integrating
the MOXXI system within an EMR system, rather than a handheld device, may have enhanced its

interoperability and maximized its implementation and use in clinical practice.

2.6.2.2 Adherence Assessment Tools Based on Pharmacy Claims Data for Asthma

Med-Resp — Québec, Canada

The research team of Lucie Blais undertook a pilot project at the asthma outpatient clinic of the Hépital
du Sacré-Coeur de Montréal which aimed at developing Med-Resp, a paper-based medication adherence
assessment tool for asthma patients.?’> Med-Resp was designed in collaboration with pulmonologists and
patients. Pulmonologists had access to this tool during their outpatient consults, as part of a pilot study.
Med-Resp includes two components. The first component presents the monthly dispensing of asthma
controller and SABA medications, as well as oral corticosteroids. The second component presents bar
charts illustrating the daily dose of ICS, number of oral corticosteroids prescriptions, and weekly doses of
SABA on a quarterly and annual basis. The estimate of the mean daily ICS dose was calculated by using an
algorithm that takes into account the following parameters: potency of different ICS; medication form;
qguantity dispensed; and medication dispensing dates. Data on pharmacy claims were obtained via the
reMed drug claims database. reMed is a computerized claims database which collects information on
prescribed medications dispensed in community pharmacies for a sample of Quebec residents. reMed is
developed based upon data purchased from community pharmacies' computer services providers, which
transfer medication data required for reimbursement. The link between the providers and reMed is
established by way of a dynamic, computerized, and confidential list which contains the identity of

enrolled participants.?
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Although Med-Resp was highly appreciated by the physicians and patients, the evaluation of its
effectiveness to improve prescribing and patients’ adherence was compromised due to important
limitations of the research infrastructure. First, only patients with private drug insurance could participate
in the study since reMed, at the time of the study, did not record complete drug data for patients with
public drug insurance. Second, physicians did not have access to an EMR and the graphical tool had to be
printed and dragged in the paper medical record by a research assistant before the patient’s medical visit,
which is not an efficient and a large scale implementable procedure.

Of note, the e-MEDRESP project presented in this doctoral thesis builds upon this research.
Indeed, the Med-Resp study allowed Professor Blais’ team to confirm the need to further develop
medication adherence assessment tools adapted to routine clinical practice. Importantly, the Med-Resp
study confirmed the eagerness of physicians to have access to an objective measure of patients’
adherence to prescribed medications and the necessity that such tools be integrated in an EMR and
available for all patients, regardless of their drug insurance plan, to be effectively used in routine clinical
practice. Thus, important distinctions between the Med-RESP and e-MEDRESP is that the latter was: 1)
adapted to asthma and COPD medications; 2) available for patients with public or private drug insurance;
3) integrated in EMRs via its web-based format; and 4) implemented within a multicentric clinical setting.
Prior to initiating the study, we hypothesized that this enhanced research infrastructure could result in a
more efficient data collection process on feasibility outcomes. This hypothesis is further elaborated and
confirmed in the feasibility study presented in section 4.2 of the results section. Indeed, because e-
MEDRESP is web-based, it was possible to track physician use of e-MEDRESP throughout the feasibility
study. The tool was also seamlessly integrated into the physicians’ workflow, as confirmed by physician
guestionnaires. Specifically, the tool was easily accessible within their EMR and we did not require

additional staff to facilitate the access of the tool the physicians.

Asthma Adherence Assessment Tool (Williams et al., 2010) — USA

Williams et al. conducted a clustered RCT to assess the effect of providing to primary care physicians
information on patient adherence to ICS controller medications.?®> Through an electronic prescription
software (ePrescribing), physicians in the intervention group could view updated general ICS adherence
information, which consisted of a summary of overall adherence using the CMA metric), and detailed

information on ICS adherence, which comprised a 1-year graphic representation of the time of
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prescription, time of fill and day’s supply. Frequency of SABA use and ICS daily dose were also calculated
via algorithms that take into consideration the total day’s supply, dosage, and potency information.

Adherence was assessed in the last 3 months of the intervention via the CMA metric. The
investigative team found that there was no statistically significant improvement in ICS adherence in
patients in the intervention arm (n=1335) compared with those in the usual care arm (n=1363). However,
adherence was significantly higher in the intervention group when the patient's physician opted to view
detailed adherence information, compared with patients in the control arm (35.7% vs. 23.3%; p=0.026)
and patients from the intervention arm whose physician did not view adherence information (35.7% vs.
12.3%; p=0.002). Of note, among patients in the intervention group, the general adherence information
was viewed at least once during the study period in 939 (70%) patients among patients in the intervention
arm. In contrast, physicians viewed the detailed adherence information in only 52 (2.6%) of these
patients. Although the tool does not appear to have been developed in collaboration with physicians, the
study authors explained that the intervention was explicitly designed to be feasible and minimally
obtrusive in the clinical setting. As a result, the low rate of physician use indicates that not all clinicians
were sufficiently motivated to review the details of their patients’ medication use. The authors suggested
that “further inducements” may be required to encourage clinicians to use this information as intended.
Nevertheless, these findings show that asthmatic patients are more likely to routinely take ICS when
physicians closely monitored their medication use and reviewed electronic prescription information.

An important advantage of this tool was that it was integrated in the physician EMR. Moreover, it
was evaluated in a cluster RCT, which allowed the authors to adequately evaluate the effectiveness of the
tool to improve adherence. The low physician consultation of the detailed adherence information is a
drawback and highlights the need to investigate further the determinants which would encourage

physicians to closely monitor the medication adherence of their patients.

2.6.2.3 Adherence Assessment Tools based on Pharmacy Claims Data for Other Diseases
DIABETES - Schectman et al. 2004 — USA

Schectman et al. conducted a prospective cohort study to determine whether providing physicians with
prescription refill feedback would improve adherence among diabetic patients.?’* 83 physicians were
provided with a paper report summarizing refill-based adherence data for diabetes medications (including
percentage adherence for oral agents and average daily dose of anti-diabetic medications (oral and
insulin) on each of their 340 patients. To the best of our knowledge, this tool does not appear to have
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been developed in collaboration with physicians (not reported in the literature). Adherence was
calculated using the refill adherence metric that was obtained by dividing the number of days of therapy
dispensed on all but the last prescription in index period by the total number of days in the index period.
The index period was not clearly defined, but authors mentioned that it corresponded to the refill interval
from the health system pharmacy. Adherence was not calculated for insulin, although the strength, dose,
and date of refill was provided for this medication.

Additionally, an educational session on adherence assessment and improvement techniques was
held, and all physicians received a written outline on this topic. 6-month change in refill adherence (doses
filled/doses prescribed) of their patient were assessed. The mean absolute increase in adherence for
patients whose physician did not attend the educational session was 0.2% (95% Cl, -2.0% to +2.4%;
p=0.85) versus, a significant mean increase of 4.2% (95% Cl: 1.8% to 6.6%; p=0.0009) for patients whose
physician attended the educational program. Restricting the analysis to the 106 patients with baseline
level of adherence <80%, patients of physicians attending the educational session showed greater
improvement in adherence than patients of non-attendees (17% vs 10%, p= 0.09). Physician feedback
questionnaire revealed that the majority of physicians (65%) perceived the intervention favorably.
Additionally, 77% of physicians stated that the adherence feedback was moderately easy to understand.

This study had many strengths. Namely, it was conducted in routine clinical practice; an
educational session on adherence was provided to physicians; and the adherence feedback reports were
detailed. However, the study was conducted in a small population and the feedback adherence report
was paper-based. Due to these limitations, use of the tool by physicians could not be monitored and the

capacity to implement this tool on a wider scale was compromised.

DIABETES - Dixon et al., 2016 — USA

In 2016, Dixon et al. conducted a pre-post pilot study which aimed at evaluating the feasibility of
implementing a web-based module for an EMR system which electronically integrated the capture and
presentation of information regarding patients’ disease management, medication adherence and patient-
reported perceived barriers to adherence.” A total of 15 family physicians and 96 patients with diabetes
were enrolled. In the web-based module, adherence to Type 2 diabetes medications and related
medications was displayed as a percentage that was calculated using the PDC. The web-based module
was available for 9 months (intervention period) and adherence was measured using the PDC over the 12-
month period prior to the intervention period and over 9 months after the intervention period. Although

adherence significantly and meaningfully improved consistently across diabetes as well as cardiovascular
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medications (improvements ranged from 6%-20%), the use of the web-based tool by the physicians did
not appear to be monitored in the study, thereby making it difficult to isolate the effect of providing
physicians with prescription refill data on their patients’ medication adherence. To the best of our
knowledge, the tool does not appear to have been developed in collaboration with the primary-end users
(not reported in the literature).

User feedback revealed that only half of the providers believed that the tool was useful to patient-
provider conversations on adherence; the remaining physicians responded negatively or were neutral. In
particular, providers were not confident with the quality or completeness of the medication information
presented and were unsure that data from all pharmacies were collected.

A key strength of this tool was that it was seamlessly integrated in EMR and that it collected
patient reported outcomes. Limitations of the study was its relatively small sample size and the fact that
only the PDC of medication classes was presented. Detailed information on medication use (drug name,

dosage, dates of prescription refills) may have enhanced the clinical usefulness of this tool.

2.6.3 EMR Maedication Adherence Assessment Tools —Features Critical to Successful Implementation

Section 2.6.2 presented an overview of medication adherence assessment tools that were constructed
using pharmacy claims data and that were designed for physicians. Overall, the literature regarding the
implementation of these types of tools is less elaborated than that the broader field of CDSS (section 2.4).
However, similar usability and implementation challenges can be observed between these two types of

tools. Consistent with the clinical adoption meta-model,8!

the success of implementation of a medication
adherence assessment tool depends on the ability for the end-users to access and interact with the tool
(i.e. via an EMR) and whether meaningful adaptations of clinical workflows and healthcare behaviors can
be facilitated by the tool. When analyzing the clinical adoption trajectories of these tools, most tools had
a low user adoption. Thus, it is possible that the tools were used frequently in the beginning but was not
sustained throughout the study. It is also possible that there was a misalighment between the tools and
clinical practice. Of note, most of the studies evaluating the implementation of medication adherence
assessment tools were conducted within small prospective cohorts. Another critical issue is that most
studies were not sufficiently powered or adequately designed to assess the impacts attributable to the
adoption of the new tools in clinical practice (i.e. improvement in patient medication adherence or

improvement in disease control). Physician behavioral changes, such as reduction in unnecessary

treatment escalation or improvement in prescribing practices, were also not assessed in these studies.
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Nevertheless, the evidence gathered in this review provides useful insights on the key features of the ideal
medication adherence assessment tool and the factors that could ensure its seamless integration within

physician workflow. These insights are further elaborated in the next sections.

2.6.3.1 Information Technology Infrastructure Required to Ensure Large-Scale Implementation

Many of the studies were conducted using small sample sizes or within limited research infrastructures.
To be efficiently integrated within physician workflow, these tools need to be seamlessly integrated in
EMR. In contrast, CDSS are typically integrated within EMR. Among the medication adherence assessment
tools identified in this chapter, Surescripts appears to be the only tool which currently has the potential
to be implementable on a large scale, due to its direct integration in EMR.*°>!°¢ However, no study has yet

evaluated its clinical usefulness or its capacity to enhance medication adherence.

2.6.3.2 Factors to Maximize Physician Use of Medication Adherence Assessment Tool

Although many of the tools appeared to be useful in assessing medication adherence, their use in clinical
practice was not as high as expected. In the study conducted by Williams et al., the general adherence
information was viewed at least once during the study period in 939 (70%) patients among patients in the
intervention arm. However, the detailed information on adherence to asthma medications was only
accessed in 2.4% of the enrolled patients and the study authors highlighted the need to further encourage
physicians to monitor medication adherence.!** In the MOXXI feasibility study, the rate of physician use
of the medication profile was 12.6/100 visits.'®” The MOXXI team indicated that the relatively small sample
size of the feasibility study limited the ability to assess physician-level determinants of use. They also
mentioned the disadvantages of providing MOXXI through hand-held devices which could have affected
physician use, such as limited screen size, memory, and battery life. Thus, it could be argued that

integrating the MOXXI system within an existing EMR system may enhance its uptake in clinical practice.

On a broader level, further research is required to determine the barriers and facilitators of
implementation of such tools. It can also be hypothesized that the higher the rate of physician use, the
higher the likelihood that physicians will intervene among their non-adherent patients, which could
ultimately help improve patient adherence to prescribed therapy in the long run. However, for this to
occur, these tools must result in meaningful adaptions of the clinical workflows, as well was
patient/physician behaviours. The comprehensiveness, quality, and reliability of medication-related data

are also important factors to consider. This point is further elaborated in section 2.6.3.4.

Schectman et al. reported that patient adherence was improved in patients whose physician

attended the optional education session on adherence that was provided as part of the study.?** Although
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physician use of the tool was not monitored in this study, it can be speculated that physicians who
attended the educational session were more likely to consult the medication adherence report and
intervene to improve their patients’ adherence. Williams et al. revealed that adherence was improved in
patients whose physician opted to view more detailed information on their adherence, compared to
physicians who only viewed general adherence information that was presented as a percentage.!’ These
findings suggest that the effectiveness of a tool to improve medication adherence could be influenced by

the physician’s perception on the importance of assessing medication adherence or the quality of the tool.

2.6.3.3 Importance of Developing Tools in Collaboration with Primary end-users

Another point worth mentioning is that it does not appear that many tools were developed in
collaboration with primary end users. It is possible that end-users were involved to some extent in the
development process of these tools; however, this methodological aspect was seldom reported in the
published studies, possibly due to lack of writing space. Indeed, it was previously suggested that the way
in which a health information product is designed and implemented has a significant impact on the
usability and overall user experience.?®> Such an approach may help design and develop tools that are
adapted to physicians’ needs and reduce clinician burden.?® It may also help determine the ideal tool
format and content, as well as the most appropriate metrics to describe medication adherence and use.
The ideal tool should be able to provide a holistic picture on patient medication use and adherence in a
way that is easily and quickly interpretable by the physician. Graphical summaries of patient adherence
may ultimately allow physicians to assimilate an enormous amount of information on medication
adherence in a timely manner, thereby facilitating decision-making. The involvement of primary end-users

in the development process of such medication adherence assessment tools needs to be further explored.

2.6.3.4 Complexity of Medication Data

In the studies identified in this review, the complexity of integrating electronic medication data within
physician data was seldom discussed. In her recent book chapter “Big Data Challenges from a Pharmacy
Perspective,” Motulsky highlighted medication data challenges in the clinical setting.% First, it is important
to realized that medication data are overly complicated because they are constantly in flux; new
medications enter the market while others are withdrawn on a monthly basis and these trends differ
across jurisdictions. For example, a drug may be coded differently within a given time for reasons related
to billing purposes or drug approval; this coding mechanism is useful for inventory and billing purposes,

but its relevance is limited when it comes to clinical activities and can complexify underlying algorithms
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that were designed to process the electronic medication data for use by providers in the clinical practice.
Second, not all medication data sources are equivalent. There is a lack of harmony and standards, both in
terms of practices and terminologies, that are inherent to medication-related data. For example, if a
medication adherence assessment tool based on pharmacy claims data has been developed within a
specific jurisdiction, it may not be easily transposable to other healthcare settings, as medication data are
governed by local rules, practices, and particularities.

Even within a given jurisdiction, many medication data sources may exist. Indeed, as was
mentioned in section 2.3.2.2, pharmacy claims databases are often incomplete and only cover certain
segments of the population or specific medication insurance programs. Ideally, we should have in place
independent infrastructures that: 1) can link all medication data sources; 2) standardize medication data
in a cohesive manner across the various data sources. These concerns regarding the reconciliation
between different sources of medication-related data were echoed by the findings of Dixon et al., who
reported that providers did not completely trust the reliability and completeness of the pharmacy claims
data that were integrated in their EMR web-based module.?® Additionally, Tamblyn et al. highlighted the
need to establish an independent infrastructure to link each pharmacy in order to retrieve a complete
medication list.®” It is a costly, yet necessary endeavour, to ensure a successful implementation in clinical

practice.

2.6.3.5 Patient-Related Data and Consent

Motulsky has argued that, when it comes to medication data, patient-related data is where the “core of
the analytic potential resides.”® This information can provide valuable insights on the consequences of
medication exposure, including side effects, patient preferences, and behavioral aspects (e.g. medication
adherence, inhaler technique). It can also help us to determine whether the real-world effectiveness of
medications can be aligned with prescriber practices and patients. Yet, patient-related data is seldom
available in electronic medication data, including pharmacy claims data. Thus, future health information
systems should find ways to incorporate patient-related data into their platforms in order to support
clinical decision-making at the point of care. For instance, patient-generated health data that can be
collected from patient mobile apps and devices are interesting avenues to explore, although such
information technology endeavors are still at their infancy. 2°® Furthermore, obtaining patients’ consent
to share their medication-related data is imperative. However, it is important to consider how the patient-
physician relationship may be affected in a context when physicians can have access to information
regarding their patients’ medication use.
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2.6.3.6 Other considerations

Medication adherence is a complex and multi-faceted aspect intermingled with numerous factors related
to the patient, healthcare providers, and healthcare system. As was mentioned in section 2.3.6, patient
education and counselling showed some positive effects on medication adherence and that interventions
delivered by pharmacists and nurses showed a better result in improving adherence and outcomes than
interventions led by general practitioners.’>” However, study authors pointed out that no single strategy
showed improvement in all settings and emphasized the need to better screen patients for non-
adherence. Therefore, it can be hypothesized that the clinical usefulness of medication adherence
assessment tools could be enhanced if they became part of a multi-factorial intervention which focuses
on physician and patient education, patient-physician communication, patient counseling, as well as inter-
professional collaboration. Along the same lines, integrating medication adherence assessment tools in

existing CDSS has the potential to enhance their potential in clinical practice.

2.7 The Use of Healthcare Administrative Databases to Identify
Asthma Patients and Treatment Escalation Patterns

As was shown in the beginning of this chapter, administrative healthcare data can be leveraged to
optimize medication use and support clinical decision-making in routine clinical practice. Further, these
data can also help us understand the consequences of medication non-adherence and prescribing
practices at a population-level. This brings us to the second part of this thesis, which aims to lay the
groundwork for a population-based study which aims to evaluate the relationship between nonadherence
to asthma controller medications and unnecessary treatment escalation in the real-world setting, using

healthcare administrative databases.

Prior to embarking in this study, it is important to ensure that healthcare administrative databases
can be used to identify asthma patients and treatment escalation patterns in an adequate manner. To
address this important research question, a systematic review was conducted to review the available
evidence supporting the validity of algorithms to identify asthma patients in healthcare administrative
databases. Results of this review are presented in the third article of this thesis (Section 4.3). In addition,
it is also important to evaluate whether healthcare administrative databases are an adequate source to

identify treatment escalation in asthma. This latter notion is further explored in the Delphi study are

56



presented in the fourth and final article of this thesis (Section 4.4). The following subsections provide

background research and methodological considerations for these two topics.

2.7.1 The Use of Healthcare Administrative Database to Conduct Epidemiologic Data

Healthcare administrative data, which are collected every time a patient has an encounter with the
healthcare system, were developed primarily for reimbursement purposes. Specifically, they comprise a
myriad of clinical variables pertaining to health service use, including diagnoses, medical procedures,
healthcare resource utilization, and drug dispensing data (pharmacy claims). They are often used by health
care providers, payers, and policy makers in order to conduct operations, evaluate population outcomes,
and measure the quality of care.?’” Notably, diagnosis data can be useful to conduct numerous healthcare
activities, including health outcome assessment, quality of care performance, case mix and risk
adjustment, reimbursement, payments, and contracting of payment systems, and health system
performance and policy analysis.?”” Of note, administrative health data are relatively inexpensive to obtain
and contain prospectively collected data on health service use at a population level that can span multiple
decades. As such, they have been widely used in epidemiologic studies to inform health policy and
advance therapeutic research in various diseases and conditions, including asthma.*2%%-211 However, since
these data are a by-product of constantly evolving and heterogenous healthcare systems, it is important
to ensure that these data are valid for research.

It is equally important to consider the critical differences in terms of database structure, content,
and quality that can exist between different healthcare administrative databases. Even within the same
country, administrative data collected separately in different regions and jurisdictions can vary in content
and quality.2!2 In Canada, for instance, population and drugs covered by provincial programs vary across
provinces and over time. This heterogeneity can potentially contribute and lead to interprovincial
differences in study populations and accrual periods. Further, the version and precision of the ICD coding
system used in physician claims data is variable across jurisdictions. Indeed, each coding system has its
own ontology and specific codes based on an established hierarchy. Additionally, the coding systems are
updated periodically to reflect healthcare practice changes, as well as to incorporate new therapies and
processes.?’® The precision and quality of coding systems are further exacerbated by errors that can be
made by providers who incorrectly diagnose patients or who fill incorrectly patient encounter forms.2%’
Similarly, variations in the content and completeness of hospital discharge abstracts, drug indication and

formulary restrictions across provinces further contribute to inter-database heterogeneity.?'? All these
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aspects need to be considered when selecting a healthcare administrative database for research

purposes.

2.7.1.1 Validity of Diagnosis Codes for Asthma

The first critical step in constructing a population-based cohort using administrative data is to identify, as
accurately as possible, patients with the disease of interest. In healthcare administrative databases,
variables defined by diagnostic or procedural codes are considered proxy measures of the disease or
procedure that they represent. Thus, the validity of a proxy variable depends on whether it is statistically
associated with the entity it represents.?!* Statistical measures to assess the validity of a diagnostic codes
include sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV). Validity
and completeness are determined by comparing the database information with other data reference
standards that can be used to ascertain patient diagnosis, such as comparison with paper medical records
or EMRs or patient self-reported data collected in surveys or interviews. The choice of an appropriate
reference varies by study question, variables used for the research study, as well as availability of other
data sources.’3

In recent years, the literature on the validity of claims-based case definitions for asthma has grown
exponentially. Therefore, conducting a systematic literature review is a useful approach to confirm and
ascertain the validity of healthcare administrative databases for asthma research. In the context of this
thesis, the systematic review was conducted for two reasons:

1. To confirm that healthcare administrative are valid for asthma research;

2. To select the optimal asthma case-finding algorithm for population-based cohort study which

aims to assess the association between mediation adherence and subsequent treatment

escalation in asthma.

However, prior to initiating an administrative database study and selecting the best case-finding
algorithm, it is imperative to assess the relative importance of sensitivity, specificity, PPV, and NPV, and
prioritize the diagnostic accuracy measure most relevant to the research question.?'> Thus, the relevance
and choice of a specific algorithm should not be made arbitrarily, but rather be based on the research
guestion and availability of data elements in the administrative database of interest. As a prime example,
it is desirable to select algorithms having higher sensitivities for surveillance studies, since this approach
minimizes the number of missed cases.?>?1® On the other hand, a high PPV is important when identifying
a cohort defined by disease status. High PPVs and NPVs ensure that only persons who truly have the

condition of interest are included in the study, 2*°> and are desirable in studies seeking to examine causal
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or association relationships. Indeed, identifying a sample of patients in whom asthma has been diagnosed
as accurately as possible is arguably one of the most important first steps in conducting rigorous
epidemiologic research.?'” In this context, when assessing the association between medication adherence
and treatment escalation, we need to select an algorithm that fulfills the following criteria:

1. Provides a good trade-off between sensitivity and specificity

2. Has arelatively high PPV

3. Has been tested in adult populations

4

Has been tested in Canadian administrative databases

When conducting systematic reviews of diagnostic accuracy studies, is it imperative to consider the
heterogeneity originating from differences in the design and conduct of included studies and to assess
their methodological quality, risk of bias, and generalizability. Ideally, the optimal algorithm should be
obtained from a study that used rigorous research methods. To this end, a critical appraisal of the
methodological quality of included studies was included in the systematic review of this thesis.
Specifically, quality assessment was performed using the Quality Assessment of Diagnostic Accuracy
Studies revised tool (QUADAS-2)*8, which is the tool recommended for use in systematic reviews of
diagnostic accuracy by the Agency for Healthcare Research and Quality of the Cochrane Collaboration.?®
The QUADAS tool consists of 4 key domains that discuss patient selection, index test, reference standard,
as well as the flow of patients through the study and timing of the index tests and reference standard
(flow and timing). Details of this tool are elaborated in the supplementary materials of the systematic
review (Section 4.3.1).

The selection of the optimal asthma case-finding algorithm for the population-based cohort study
will be based on the results of this systematic review and will be further presented and elaborated in the

final discussion chapter of this thesis (Chapter 5).

2.7.2 Treatment Escalation in Asthma in the Real-World Setting

Healthcare administrative claims databases, including pharmacy claims data, can be used to efficiently
identify treatment escalation in asthma. However, it is challenging to identify treatment escalation using
these data because of the complex therapeutic landscape for asthma. Although the literature on this topic
is limited, the most widely used method to study treatment escalation in healthcare administrative
databases involves the identification of step-up episodes that correspond to clinical practice guidelines.

At first glance, it appears that the claims-based treatment escalation definitions reported in the literature
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are variable, mainly due to differing interpretations of the asthma treatment guidelines.3>373%41 |n

addition, different terms in the literature can be used to designate treatment escalation, including
“treatment intensification,” and “treatment step-up”. Thus, it would be relevant to conduct a systematic
review to explore and build upon existing definitions of treatment escalation in the literature.

Another critical issue is that, while the current treatment guidelines provide a framework that
physicians can use to tailor the patient’s therapy according to their disease severity and level of disease
control, they were not designed to identify treatment escalation at a population level. Therefore, it is
crucial to pinpoint the different treatment possibilities in clinical practice and ascertain all clinical
scenarios for which the prescriber’s original therapeutic intent was to escalate therapy. Ideally, this
undertaking can be achieved through expert consensus, and the Delphi method is an approach that can
be used to build and achieve consensus among experts. It consists of a flexible group facilitation technique
that can be used to determine consensus for a defined clinical problem for which little or no evidence
exists or for which there is contradictory information.?2%??! Specifically, consensus can be achieved
through an iterative process that employs a systematic progression of repeated rounds of voting among
an expert panel through online questionnaires. In addition, the starting point of Delphi study usually
consists of a systematic review that aims to identify the various criteria that can be used to define the
clinical problem under study. Such an approach will facilitate consistent and effective approaches to
identify treatment escalation in healthcare administrative databases. This point will be further explored

in the Delphi study (section 4.4).

2.7.2.1 Association Between Medication Adherence and Treatment Escalation

The last part of this chapter aims to explore the extent to which the relationship between treatment
escalation and medication adherence to controller medications has been explored in the literature. To
the best of our knowledge, Van Boven et al. published in 2019 the first and only study that evaluated this
association.?® The study population consisted of patients who initiated ICS/LABA FDC and adherence was
assessed in the year prior to treatment initiation using trajectory-based modeling. Patients receiving
additional GINA step 5 therapy were identified during a maximum follow-up time of 2 years. GINA step 5
was defined as any dispensing of either: 1) low dose maintenance OCS: 1 or 5 mg prednisone or

prednisolone; 2) biologics: omalizumab, mepolizumab, benralizumab; or 3) LAMA.

In total, 3062 new ICS/LABA FDC users were identified, of whom 120 (3.9%) received additional

GINA-5 therapy. In total, 4 adherence trajectories were identified: 1) “nonpersistent users” (20.4% of
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patients); 2) seasonal users or reinitiators, termed “seasonal users” (8.3% of patients); 3) persistent users
with sub-optimal medication use, termed “poor adherers” (58.1%); 4) persistent users with optimal drug
use, termed “good adherers” (13.2% of patients). Reported results appeared contradictory: poor
adherence was associated with longer time to additional GINA-5 (adjusted hazard ratio: 0.58; 95% Cl 0.35-

0.95); yet, over 80% of additional GINA-5 therapy was initiated in poorly adherent patients.

In the discussion, the authors pointed out that the finding that the likelihood of receiving
additional GINA step 5 therapies is lower in poorly adherent patients was contrary to their hypothesis.
Instead, they expected that non-adherent patients would be more likely to have their treatment
escalated, since it can be challenging for physicians to assess medication adherence objectively and rapidly
during routine consultations. Therefore, among patients who have uncontrolled disease, it could be
difficult for physicians to distinguish non-adherent patients from those who have optimal adherence but
who are refractory to treatment. To explain this unexpected finding, they suggested that reverse causality
may have come into play: individuals who have a more severe form of asthma may be more symptomatic
and consult their physicians more frequently, thereby making them more susceptible to treatment
escalation, regardless of their adherence level. Nevertheless, the authors highlighted that it is crucial to
equip physicians with more objective and validated adherence measurements in daily practice, given that

most patients who received GINA Step-5 therapy were non-adherent to their treatment.

A key strength of this study is the use of trajectory modeling to describe adherence patterns,
which is an approach that has not been used in previous studies. Indeed, trajectory modeling appears to
be a more clinically intuitive method to describe adherence behaviours in the population, compared to
the more common way of classifying patients as either adherent or non-adherent based on a pre-defined
threshold (e.g. <80% of medication refill to define nonadherence). However, trajectory modeling analysis
requires an adequate follow-up time. In the study, patients had to have a minimum post-index period of
1 year, which obliged the authors to only include treatment escalation episodes beyond that period. Yet
it is possible that patients had their treatment escalated within that 1-year period, which was not
considered in the analysis. In addition, under these circumstances, patients who had a treatment
escalation in the first year were probably classified as being non-adherent since their prescribed therapy
changed, thus increasing the measurement error for the adherence; this may also have caused a reverse
causality bias. Another limitation of this study is its relatively small sample size. Though findings were
statistically significant, a larger sample size may have allowed the authors to describe the adherence

patterns more accurately in the population. Finally, since secondary healthcare data was used (pharmacy
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prescription refills) to assess adherence, inhaler technique was not considered in the analysis. This

limitation highlights the downside of using secondary healthcare data to assess medication adherence.

To the best of our knowledge, this study is the first to evaluate the association between
medication adherence and treatment escalation in asthma. However, it was only assessed in patients with
moderate-to-severe asthma and may have serious methodological problems. To build upon this research,
the Delphi study conducted in this thesis aimed to develop a method to identify treatment escalation in
all asthma patients, regardless of disease severity or initial treatment prescribed. Furthermore, treatment

escalation rates were calculated in a population-based cohort of asthma patients.
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. CHAPTER 3: THESIS OBJECTIVES

An overview of the research program is presented in Figure 1. In total, this doctoral dissertation comprised
four studies. The fifth study (cohort study) was beyond the scope of this dissertation. However, | plan on

conducting this study within the next year in collaboration with Lucie Blais’ research team.

PART I: e-MEDRESP PROJECT PART II: MEDICATION ADHERENCE & TREATMENT ESCALATION
1
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Figure 1. Overview of Doctoral research program

Rationale of Research Program: The overarching goal of this thesis was to investigate how the secondary
use of healthcare data can be leveraged to optimize patient medication adherence and support clinical
decision-making in routine clinical practice. Because these healthcare data are generated each time a
patient has an encounter with the healthcare system, they can serve as powerful tools to better
understand patient medication-taking behaviours and physician prescribing practices. Figure 2 illustrates
the underlying concepts that form the basis of this research program. In PART |, the e-MEDRESP project
aimed to explore how pharmacy claims data and health information technology can be used to help
physicians monitor and identify their non-adherent patients in a timely manner. Thus, it can be
hypothesized that developing a tool based on pharmacy claims data has the potential to facilitate clinical
decision-making at the point of care and positively influence prescriber and patient behaviour. In PART II,
methodological considerations to facilitate our understanding of the consequences of undetected
medication adherence were also investigated. Specifically, healthcare administrative data can be used to

explore the hypothesis that undetected non-adherence can lead to unnecessary treatment escalation.
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Figure 2. Rationale of Research Program and Underlying Concepts

a. Each time a patient has an encounter with the healthcare system, whether it is at the pharmacy or at the doctor’s office, healthcare
administrative data are generated. b. Healthcare administrative data (pharmacy claims) can be leveraged to better support clinical decision-making
in routine clinical practice using health information technology (Part ). c. Healthcare data can be used to understand the unintended consequences
of undetected medication nonadherence, including unnecessary treatment escalation (Part IlI). Unnecessary treatment escalation can further
exacerbate non-adherence problems and lead to costly and complex therapeutic regimens.

*Pharmacy claims data do not capture prescriptions that were written by physicians but not dispensed at pharmacies by the patients (primary
non-adherence). Due to this limitation, this dimension of medication non-adherence was not explored in this thesis.
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Part I: e-MEDRESP Project
An overview of the e-MEDRESP study is presented in

Figure 3 below.

Family Focusgroups  Development of Recruitment of Implementation of 15-month
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Figure 3. Overview of the e-MEDRESP study

3.1 Phase I: Development of e-MEDRESP

3.1.1 Exploratory Phase
Primary objective: To identify the barriers and facilitators of assessing medication adherence in patients
with chronic respiratory diseases in routine clinical practice, from the perspective of family physicians and

patients.

3.1.2 Development Phase

Primary objective: To develop e-MEDRESP, a web-based tool that will allow family physicians to monitor
adherence to respiratory medications using pharmacy claims data in routine clinical practice.

Specific objectives:

a. Todesign an e-MEDRESP prototype in collaboration with family physicians and patients;
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b. To construct the e-MEDRESP web-based module using an integrated health informatics approach
specifically designed for OMNIMED, a leading EMR system provider in the Canadian province of
Quebec.

3.2 PHASE Ill: Feasibility of Implementing e-MEDRESP in Clinical Practice

Primary objective: To test the feasibility of implementing e-MEDRESP in routine clinical practice
Specific objectives:

a. To evaluate the uptake of e-MEDRESP by patients and physicians in routine clinical practice;
b. To evaluate patients’ and physicians’ satisfaction with e-MEDRESP.
Secondary objectives

a. To explore the capacity of e-MEDRESP to improve medication adherence following its
implementation in participating clinics;

b. To explore the capacity of e-MEDRESP to improve disease control following its implementation
in participating clinics;

c. To explore how e-MEDRESP affects prescription changes following its implementation in

participating clinics.

To gain a better understanding of the processes and possible challenges with the clinical adoption e-
MEDRESP, the “clinical adoption meta-model” was used. Table 9 presents the dimensions of the
model, along with the indicators that will be used to evaluate each dimension. Each indictor is related

to one of the objectives listed above.
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Table 9. Clinical Adoption Meta-Model: Key features and Dimensions Assessed

Dimension Definition Aspects Indicators
AVAILABILITY Ability for the end users to System Number of physicians with
access and interact with e- availability access to e-MEDRESP
MEDRESP
SYSTEM USE Interactions e-MEDRESP by Use Number of times e-
intended end-users MEDRESP was consulted
during a medical visit
User Electronic questionnaire of
experience physician experience
Phone interviews with
patient after e-MEDRESP
was consulted by a treating
physician
CLINICAL BEHAVIOUR  Meaningful adaptation of Specific Prescription changes
clinical workflows or health behaviours following consultation of e-
behaviors that are facilitated MEDRESP (exploratory
by the HIS outcome)
CLINICAL OUTCOMES  Impacts attributable to the Patient Improvement in
adoption of the HIS outcomes medication adherence
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3.3 Part ll: Medication Adherence and Treatment Escalation
Two separate studies were conducted, as starting points for a future study which aims to assess the
relationship between medication non-adherence and treatment escalation in asthma. The Canadian

healthcare system was targeted.

SYSTEMATIC REVIEW: Diagnostic algorithms to identify asthma patients in healthcare administrative

databases
Primary objectives:
e Toreview the available evidence supporting the validity of algorithms to identify asthma patients
in healthcare administrative databases;
e To select the best case-finding algorithms that can be use in the population-based study aiming

to assess the association between medication non-adherence and treatment escalation.

DELPHI _STUDY: Development of an asthma treatment escalation definition adapted to Canadian

healthcare administrative databases
Primary objective: To develop an operational definition of treatment escalation that can be applied in
healthcare administrative databases, based on consensus among key experts in the fields of pulmonology,

clinical pharmacy, family medicine, and pharmacoepidemiology.

Secondary objective: To estimate the rate of treatment escalation within a population-based cohort of

asthma patients that was constructed using Quebec administrative databases.
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QUICK LOOK

Current knowledge

Medication adherence in individuals with asthma and COPD is notoriously low and is associated with
suboptimal therapeutic outcomes. The majority of these patients are treated in primary care and family
physicians need to assess adherence accurately and work closely with other healthcare professionals to
intervene effectively. In clinical practice, family physicians could benefit from tools that will better assist

them in detecting their non-adherent patients in a timely manner.

What this paper contributes to our knowledge

The timely assessment of medication adherence in clinical practice is impeded by many barriers, including
short duration of medical visits, limited healthcare accessibility, and lack of objective and easily
interpretable information on medication adherence. To alleviate some of these barriers, we developed e-
MEDRESP, a novel web-based tool based on pharmacy claims data that will allow family physicians to
rapidly assess adherence to respiratory medications. The clinical usefulness of e-MEDRESP may be
enhanced if it becomes part of a multi-factorial intervention which focus on patient education, patient-
physician communication, and inter-professional collaboration between family physicians, pharmacists,

respiratory therapists, and nurses.

Useful links

Link to e-MEDRESP tutorial
Example of an e-MEDRESP report of an asthma patient (fictious patient)
Example of an e-MEDRESP report of a COPD patient (fictious patient)
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ABSTRACT

Background: Medication adherence in asthma and chronic obstructive pulmonary disease (COPD) is
notoriously low. To intervene effectively, family physicians need to assess adherence accurately—a
challenging endeavour.

Objectives: In collaboration family physicians and patients with asthma or COPD, we aimed to: 1) explore
the barriers and facilitators of assessing medication adherence in clinical practice (exploratory phase); 2)
develop e-MEDRESP, a novel web-based tool that will allow physicians to monitor adherence using
pharmacy claims data (development phase).

Methods: We used qualitative research methods and a framework inspired by user-centered design
principles. Five focus groups were held [two with patients (n=15) and three with physicians (n=20)], and
ten individual interviews with physicians. In the exploratory phase, data were analyzed using thematic
networks. In the development phase, we identified components to be included in an e-MEDRESP
prototype through an iterative approach. The e-MEDRESP web-based tool was constructed by applying
algorithms to pharmacy claims data that reflected end-users’ recommendations, through a health
informatics approach designed for electronic medical records.

Results: Main barriers to assessing medication adherence included lack of objective information regarding
medication use and short duration of medical visits. Physicians emphasized that identifying patients at
risk for non-adherence requires a team effort with pharmacists, respiratory therapists, and nurses.
Participants also agreed that the use of easily interpretable pharmacy claims data could be an important
facilitator. To this end, they contributed to the development of the e-MEDRESP prototype, which contains
graphical representations of the adherence to respiratory controller medications and dispensing of rescue
medications.

Conclusions: e-MEDRESP has the potential to allow physicians to assess adherence objectively and
facilitate patient-physician communication concerning medication use. Future studies aim to evaluate the
feasibility of implementing e-MEDRESP in clinical practice. It would be relevant to develop strategies that
could facilitate the sharing of information presented in e-MEDRESP among primary care health

professionals.

Key words: Treatment adherence, qualitative research, asthma, COPD, electronic medical records,

medical informatics
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INTRODUCTION

Asthma and chronic obstructive pulmonary disease (COPD) are leading causes of chronic morbidity and
mortality that pose substantial economic and social burdens worldwide.! Globally, asthma affects over
300 million people? and approximately 65 million have moderate-to-severe COPD.? Although adherence
to long-term therapy is essential to optimize treatment effectiveness, a significant portion of these
individuals do not take medications as prescribed.* Indeed, adherence in individuals with asthma and
COPD is notoriously low, often falling below 50%.>” Medication nonadherence has detrimental effects on
therapeutic outcomes and leads to increases in emergency department visits, hospitalizations, and
healthcare-related costs."®?

In asthma, reasons behind sub-optimal medication adherence include issues pertaining to age,
medication costs, adverse effects, inhaler device convenience, limited health literacy, patients’ knowledge
and illness beliefs, as well as limited patient involvement in the medical decision-making process.* 1% 11
Predictors of adherence in patients with COPD are similar; however, they are often faced with additional
problems related to comorbidities, complex treatment regimens, and polytherapy—all which can
contribute to sub-optimal medication use.'? Research has shown that successful interventions to promote
optimal medication use should be seamlessly integrated within clinical practice and be based on enhanced
patient-physician communication and patient education.®

A large majority of individuals with asthma or COPD are treated in primary care.’* ¥ Prior to
prescribing appropriate therapy, clinical guidelines recommend that physicians assess disease control and
verify for common problems such as inhaler technique, comorbidities, and medication adherence.> ¢ Yet,
assessing medication adherence accurately in routine clinical practice can be a challenging endeavour. In
practice, physicians commonly assess adherence through patient self-report. Yet, this method is prone to
inaccuracies, since patients have a tendency to over-estimate their adherence level due to incorrect recall
or attempts to fulfill treating physicians’ expectations.'” ¥ Accordingly, physicians may have difficulties
detecting non-adherence and reliance upon their intuition was shown to be inaccurate.> 20

Alternatively, pharmacy claims data, which are generated whenever a prescription at a
community pharmacy is filled,?* may offer a more objective measurement of medication adherence,*®* and
have been used in many population-based studies to assess medication adherence.>” To the best of our
knowledge, few studies have evaluated the use of tools based on pharmacy claims data to assess

medication adherence in clinical practice.?>?® As a prime example, physicians in the US can request

pharmacy claim histories through e-prescribing platforms integrated in their electronic health
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records.?’Additionally, since 2013, physicians in the Canadian province of Quebec may access pharmacy
claims through the Quebec Health Record (QHR), which is a data repository that allows healthcare
professionals to access health information on their patients.?® One major drawback of the QHR, however,
is that it provides raw and unprocessed pharmacy claims data (i.e. one line per filled prescription), which
can be hard for physicians to summarize and interpret efficiently in their workflow. Broadly speaking,
these tools and platforms have the potential to enhance physicians’ ability to monitor medication
adherence in a timely manner; however, none were developed in collaboration with end-users, which
might explain why the uptake of some of these tools was not as high as expected.

The purpose of this study is to better understand the problems that revolve around the
assessment of medication adherence in routine clinical practice. We believe that the use of healthcare
technology may help alleviate some of the challenges physicians face when assessing medication
adherence. Specifically, we aimed to gain greater understanding on the barriers and facilitators of
assessing adherence to respiratory medications, from the perspective of family physicians and patients
with asthma or COPD, through a qualitative study (exploratory phase). Taking inspiration from user-
centered design principles, we subsequently developed e-MEDRESP, a web-based tool built from
pharmacy claims data that will allow family physicians to monitor adherence to respiratory medications
in routine clinical practice (development phase). This phase was conducted in two steps: 1) design of e-
MEDRESP in collaboration with family physicians and patients with asthma or COPD; and 2) construction
of the e-MEDRESP web-based tool using an integrated health informatics approach designed for electronic

medical records (EMRs).

METHODS

Study design

We used a qualitative research methodology and a framework inspired by user-centered design principles.
For the exploratory phase, we conducted a qualitative descriptive study, an approach based on the
general principles of naturalistic inquiry, which aims to acquire greater insight into a specific phenomenon
or human experience.? For the development phase, a framework inspired by the user-centered design
principles was adopted, which is an iterative design process in which we focus on user needs in each phase
of the design and development processes.® Participants included patients with asthma or COPD treated
in family medicine clinics and family physicians, recruited between January 2017 and March 2018 in the

Canadian province of Quebec.
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Participants and procedures

Participants were recruited from family medicine clinics which subscribed to the OMNIMED, a leading
EMR provider in Quebec. Patients were eligible if they: 1) had a diagnosis of asthma or COPD recorded in
their EMR; 2) were treated by a family physician; and 3) were 18 years or older. Eligible family physicians
must have treated patients diagnosed with asthma or COPD in the last year prior to recruitment. In
keeping with the research design adopted, purposive sampling®! was used, with the aim of obtaining
maximal variation in key characteristics among participants, including age, sex, region of residence,
number of years since diagnosis of asthma or COPD (for patients), and number of years of practice in
family medicine (for physicians). Emails and faxes were sent to physicians to invite them to participate in
the study. Patient recruitment was then performed in collaboration with the medical director of one of
the participating clinics. Specifically, the clinic appointed a research assistant to contact eligible patients
by phone and invite them to participate in the study. Patients and physicians received a compensation for

the time incurred due to study participation.

Data collection

Data for the exploratory phase and the first step of the development phase were collected through five
focus groups (FGs) [two with asthma or COPD patients (n = 15) and three with family physicians (n = 20)].
To enhance the data collection strategy without compromising the project timeline, ten individual
telephone interviews were subsequently conducted with physicians unable to attend FGs. Each FG ran
between 50-120 minutes, whereas interviews lasted between 30-45 minutes. FGs were led by a
moderator (SP) and two research assistants (AY, MKT), while interviews were conducted by a research
assistant (AY). All FGs and interviews were conducted in French using a semi-structured interview guide.
The complete translated interview guides are available in the electronic supplementary files (51-S2).

In the exploratory phase of the FGs and interviews, we identified the barriers and facilitators of
assessing medication adherence in clinical practice. Topics of discussion included: 1) methods of assessing
medication adherence; 2) patient-physician communication concerning medication use; 3) practical and
ethical implications of using pharmacy claims data to measure medication adherence; and 4) role of other
primary care health professionals, including pharmacists, respiratory therapists, and nurses. The second
part of each FG and interview was devoted to the design of e-MEDRESP (development phase). Topics of
discussion included format and content of e-MEDRESP, as well as the most appropriate metrics to assess
medication adherence and use. Specifically, we identified components to be included in a prototype of e-

MEDRESP. Of note, since our aim was to develop a tool that could be seamlessly integrated within
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physician workflow, physicians mostly contributed to the development phase. Data collection thus
prioritized the physician perspective but was completed with patients’ accounts. An iterative approach
was used to design e-MEDRESP, whereby results of the first FG informed changes to the interview guide
for subsequent FG and interviews. Feedback on the prototype was also gathered through informal review
by two members of the research team: a pulmonologist (CL) and a clinical pharmacist specialized in

respiratory diseases (MFB).

Data analysis
All discussions were audio-recorded, transcribed verbatim, and verified for accuracy.3? Transcripts were
analyzed and coded independently by three investigators (AY, CD, MKT). Data analysis began with data

familiarization, in which transcripts and field notes were carefully re-read.

Exploratory phase — Barriers and facilitators of assessing medication adherence
To identify the barriers and facilitators of assessing medication adherence, we used the thematic network

3 a theoretically-flexible analytical tool used to explore the understanding of an issue by

technique,?
identifying the main themes constituting a piece of text. Transcripts were first dissected using a coding
framework that was devised using ideas coming from the literature review, topics in the interview guides,
and concepts identified during the discussions. This coding framework was developed through an iterative
process whereby codes were continuously refined as clearer insight was gained on the collected data.
Once consensus on the coding framework was reached, overarching themes were identified by grouping
codes that unify a common idea.?* 3> Themes were subsequently clustered into basic themes (i.e., lowest
order premises of evidence), then into organizing themes (i.e., middle-order themes), and finally into
global themes (i.e., macro super-ordinate themes). Web-like illustrations (networks) were developed to
depict the salient themes and the relationships between them. Interviews were conducted until data
saturation was reached, which is the point in which no new codes emerged from the data and themes

were considered to be adequately specified.3® 3’ The Dedoose software® (version 8.0.42) was used to

assist in data analysis.

Development Phase - Creation of the e-MEDRESP web-based module
For the development phase, opinions and user preferences regarding tool content and format were
identified. Once the paper-based prototype was finalized and no additional suggestions were given by the

participants, an interactive web-based module was built in the Visual Studio 2017 community software
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(version 15.9). e-MEDRESP was constructed by developing algorithms of medication adherence which
reflect the end-user recommendations identified during the discussions. These algorithms were
subsequently applied to pharmacy claims data recorded in the reMed database.’® reMed is a
computerized claims database which collects information on prescribed medications dispensed in
community pharmacies for a sample of Quebec residents. reMed is developed based upon data purchased
from community pharmacies' computer services providers, which transfer medication data required for
reimbursement. The link between the providers and reMed is established by way of a dynamic,

computerized, and confidential list which contains the identity of enrolled participants.

Research ethics
This study was approved by the research ethics committee of the Centre Intégré Universitaire de santé et

de services sociaux du Nord-de-I'ile-de-Montréal. All participants signed an information and consent form.

RESULTS

Participant characteristics

The characteristics of patients (n=15) and family physicians (n=30) are presented in Table 1 and Table 2,
respectively. Patients were on average 63 years old, were mostly male (60%), and have been diagnosed
with their respiratory disease for nearly 11 years, on average. Although the FGs were conducted
separately with patients with asthma (n=6) and COPD (n=6), some participants reported having both
respiratory diseases (n=3). Physicians were on average 41 years old, 59% were women, and have been

practicing family medicine for 12 years, on average.

Exploratory phase — Barriers and facilitators of assessing medication adherence

Consistent with our research purpose, we grouped participants’ discussions into two global themes,
namely the barriers and facilitators of assessing medication adherence in primary care. Figure 1 presents
the thematic network illustrating the global, organizing, and basic themes. Excerpts from the transcripts
are herein presented to support the identified themes. For indicative purposes, additional excerpts are

available in the supplementary file (S3-S4).
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Barriers to assessing medication adherence

Patient beliefs related to medication use and disease

Physicians explained that prior to properly assessing medication adherence, they must establish a
treatment regimen that their patient is willing and able to follow. However, they raised the issue that
some patients showed reluctance to take medications on a regular basis. According to them, discussing
medication adherence was especially challenging with COPD patients, who appear to have adapted, over
the years, to a limited quality of life and suboptimal respiratory function due to the insidious nature of
the disease. As explained by a physician with 40 years of experience in family medicine, COPD patients
often “trivialize their symptoms”. Because asthma patients commonly seen in their practice are usually
younger and more adaptive to change, physicians reported having fewer difficulties initiating discussions
regarding medication adherence with them.

In contrast, most asthma and COPD patients in the study mentioned that they usually follow their
physician’s treatment recommendations. Yet, a small proportion reported either adjusting the doses of
their prescribed therapeutic regimen or not taking their prescribed medications altogether. Some COPD
patients also confused natural disease progression with treatment effects, claiming that respiratory
controller medications can lead to lung collapse. In this respect, patients’ illness and treatment
perceptions corroborate to some extent with the discussions that were held with physicians and may add

a layer of complexity to the discussion on medication adherence with their physician.

Lack of objective and easily interpretable information on medication use

The most salient discussions among family physicians revolved around their desire to have access to easily
interpretable and objective information on medication adherence. Physicians also acknowledged that
patient self-report measures of adherence were often inaccurate: “We directly ask patients knowing full
well that patient reliability is mediocre. We know that adherence in patients with COPD is about 40% and
relying on patients’ accounts can be misleading” (26-year-old physician, recent medical graduate).

To obtain more objective information on medication adherence, most physicians reported
accessing the data repository of the QHR to access pharmacy claims data. Although the QHR provides
valuable information that allows them to optimize patient care, physicians voiced their concern about the
prescription module of the QHR. Physicians emphasized the need to make the data in the QHR more easily
interpretable, especially for diseases with complex therapeutic regimens, such as asthma and COPD.

Indeed, the prescription module is neither clinically intuitive nor user-friendly, as was explained by a 57-

78



year old physician with over 27 years of experience: “When it comes to the QHR, there is no organization!
It’s a jumble of information. [...] Sometimes | have to go through 2-3 pages to find the drug | am looking

for.”

Disease management and physician practices

Some physician practices might directly hinder the assessment of adherence. In particular, some
physicians admitted to not prioritize adherence to respiratory medications in their approach to disease
management. Moreover, some physicians reported difficulties in keeping up with the evolving therapeutic
landscape of asthma and COPD, as various respiratory therapeutic agents have been entering the market
in the last few years,*® many of which the comparative safety/effectiveness profiles are not well
understood to them. Accordingly, some physicians acknowledged that it was difficult to establish an

optimal therapeutic regimen that is adapted to their patients’ needs.

Organization of healthcare services
Issues related to the organization of healthcare services, such as short duration of medical visits and
limited healthcare accessibility, also represented significant barriers. Physicians consistently reported not
having enough time to comprehensively assess adherence. Furthermore, physicians struggle to obtain
accurate information on medications dispensed in hospital pharmacies or to know the medication history
of patients that have been followed by other physicians. In fact, access to complete health information on
patients is often spread over many medical records kept by different health structures or healthcare
professionals in many healthcare settings.** Moreover, asthma and COPD patients complained about how
the difficult transition of care between their pulmonologist and family physician affected their access to
vital healthcare: “When my pulmonologist retired, | was told that | was going to be followed by a family
doctor. | waited three and a half years for a family doctor. | recently met her, so she obviously doesn’t
know me very well.” (81-year-old asthma patient, diagnosed for 35 years).

Thus, some patients reported having little opportunities to discuss their medication adherence
with the same provider. This lack of continuity of care with the same provider may thus be problematic,
especially given that not all physicians integrate the assessment of medication adherence in their

approach to disease management.
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Facilitators to assessing medication adherence

Patient-physician relationship

When discussing medication adherence, participants agreed on the importance of having a trusting
relationship between the patient and physician, built over time. Moreover, to foster patient
empowerment, physicians stressed the need to work collaboratively with their patients, adapt to their
knowledge level, ask open-ended questions, and use language that is non-patronizing. In a similar vein, a
58-year old asthma patient said: “/ think it’s important that our doctor respects us. My doctor told me to
stop smoking, but he knows | am not at this stage yet. He respects me and gives suggestions, without

forcing me. He communicates with me.”

Inter-professional collaboration

Physicians reported that collaboration with other healthcare professionals greatly facilitated the
assessment of medication adherence. They highlighted the role of respiratory therapists, who conduct
spirometry tests, verify inhaler device techniques, and patient adherence to treatment recommendations.
Physicians also mentioned directly calling pharmacists to obtain information on prescription refills, and
some reported that pharmacists send them faxes to notify them that their patient has not filled his/her
prescription. Indeed, physicians explained that medication adherence monitoring is a team effort with
other healthcare professionals, as such collaboration allows them to determine whether sub-optimal
disease control is due to inadequate therapeutic regimen, low medication adherence, or incorrect use of

inhaler device.

Use of pharmacy claims data

Physicians and patients reported that the use of pharmacy claims data may facilitate discussions on
medication adherence. Such information could provide an objective measure of medication use, even
though filling a prescription does not necessarily guarantee its consumption. Generally, patients believed
that physicians’ access to pharmacy claims could help initiate discussion concerning their medication use
and agreed that physicians should have access to this information: “If doctors prescribe us medications,
they assume that we take them. | agree that physicians should have access [to our prescription refill datal].
I would even be okay with physicians knowing exactly if | took all the doses... that | didn't just hide my

inhalers in a cupboard at home.” (38-year-old asthma patient, diagnosed for 22 years).
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However, some patients described physicians’ access to such information as a “double-edged
sword”: on one hand, physicians may be able to rapidly detect non-adherent patients; however, if they
know that patients do not follow treatment recommendations, the patient-physician relationship may be
strained. Some physicians shared a similar opinion: “I think this is a delicate issue... the patient can ask
himself: "What? You have access to all this information? You even know when | [purchased my medicine]?

It's unpleasant to feel like you are under the radar.” (39-year-old physician, 6 years of clinical experience).

Development phase — Creation of the e-MEDRESP web-based module

Despite the limitations of pharmacy claims data, physicians pointed out that such data may help them
detect non-adherent patients more easily if information on medication use is seamlessly integrated in
EMRs and is presented in a user-friendly manner. Thus, physicians expressed their eagerness to contribute
to the development of e-MEDRESP. The final version of the e-MEDRESP web-based module is presented

in Figure 2 and includes three distinctive sections.

Section 1: One-year medication adherence
Physicians agreed that presenting medication adherence as a percentage and applying color codes would
allow them to easily flag their non-adherent patients. Therefore, the first section of e-MEDRESP that was
developed displays the adherence level to controller medications filled in the prior year, presented as a
percentage in a doughnut chart. For patients filling several controller medications in the 1-year period,
the global adherence to controller medications is shown, which represents the average percentage
adherence to all controller medications dispensed in the prior year. A collapsible section underneath the
global adherence doughnut chart was created to show detailed information on the percentage adherence
to controller medications dispensed in the prior year, according to medication class. The proportion of
days covered (PDC)** was the metric chosen to assess adherence over a one-year period. The PDC is
defined as the total days’ supply divided by the number of days of study period.** For medications initiated
in the prior six months, it was decided that adherence would be calculated starting from the date of the
first dispensing. The following color code scheme was selected to designate adherence levels: green for
an optimal adherence (280%); yellow for a medium-level adherence (50-79%), and red for a sub-optimal
adherence (<50%).

For patients filling medications containing inhaled corticosteroids (ICS) in the prior year,
physicians deemed it was appropriate to illustrate the mean daily ICS dose, on a quarterly and annual

basis, using a bar chart. In e-MEDRESP, the mean daily ICS dose is thus calculated via an algorithm which
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we developed in previous studies*> # that takes into account the following parameters: potency of
different ICS; medication form; quantity dispensed (taking into account number of doses per device); and
medication dispensing date. By using the equivalency table published in the Canadian asthma consensus
report,” the mean daily ICS dose is converted to the equivalent of the fluticasone propionate HFA

medication.

Section 2: List of respiratory medications dispensed in the prior year

Physicians wished to include in e-MEDRESP a component that could help them to rapidly identify, over a
one-year period, important refill gaps. To satisfy this requirement, we built a comprehensive table of all
controller and rescue medications, as well as oral corticosteroids and antibiotics, dispensed in the prior

year. Generic names and type of device, along with prescription durations, are provided in the table.

Section 3: Rescue medications, oral corticosteroids and antibiotics dispensed per trimester

Physicians felt that it was pertinent to include in e-MEDRESP a section that could: 1) allow them to assess
disease control based on their patients’ use of rescue medications; and 2) identify potential markers of
disease exacerbations. To this end, the third section included in e-MEDRESP presents several bar charts
illustrating the days’ supply of oral corticosteroids and antibiotics, as well as the weekly doses of rescue
medications, per trimester. For short-acting B2-agonists (SABA), the average weekly number of doses is
estimated using an algorithm which we developed in a previous study®® that incorporates the following
parameters: dose per inhalation, pharmaceutical form, quantity dispensed (taking into account number
of doses per device), and dates of prescription dispensing. If a SABA other than salbutamol is dispensed,
the mean number of doses is converted to a salbutamol equivalent. For short-acting anticholinergics, the
mean weekly number of doses is estimated using an algorithm that incorporates the following
parameters: dose per inhalation, pharmaceutical form, quantity dispensed (taking into account number

of doses per device), and dates of prescription dispensing.

Other salient features of e-MEDRESP

Upon the request of several physicians, an explanatory document presenting the list of inhaled respiratory
medications, along with photos of inhaler devices, was integrated in e-MEDRESP. Physicians mentioned
that having access to this document could be useful if they wanted to further discuss medication use with
their patients or adjust their treatment. Additionally, a video tutorial and an explanatory document were

created to introduce physicians to e-MEDRESP. An automated data extraction procedure was established
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to update the information presented in e-MEDRESP every two weeks. Ultimately, physicians felt that e-
MEDRESP could help them provide more personalized treatments based on their patients’ medication
adherence. After each FG and interview, most physicians expressed their eagerness to have access to such
a tool in their EMR. As one physician with 15 years of clinical experience exclaimed: “Now that we know

that such a tool could exist, we expect it will be available to us very soon!”

DISCUSSION

Our study has highlighted important barriers of assessing and monitoring adherence to respiratory
medications, from the perspective of family physicians and asthma and COPD patients. These included
short duration of medical visits, limited healthcare accessibility, and patient understanding of treatment
recommendations. Importantly, the lack of objective, rapidly accessible, and easily interpretable
information on medication use constitutes an important barrier to monitoring adherence. To overcome
this barrier, physicians contributed to the development of e-MEDRESP, a novel web-based tool for
assessing adherence to respiratory medications, constructed from pharmacy claims data. Furthermore, a
good patient-physician relationship coupled with a strong inter-professional collaboration are crucial in
helping physicians to identify non-adherent patients.

It is beyond doubt that medication adherence monitoring should be an integral component of
disease management and patient care. With increasingly evolving healthcare models in recent years,
primary care professionals now have a proactive, continuous, and multidisciplinary approach to disease
management which is also leveraged by the innovation of EMRs." In the last decade, treatment
guidelines, including the Global Initiative for Asthma (GINA) and the Global Initiative for Chronic
Obstructive Lung Disease (GOLD), began to encourage physicians to address medication adherence with
their patients on a regular basis.> 147 %8 Yet, our findings suggest that physicians may not always have

time to comprehensively assess it. Consistent with previous findings in the literature,?

study
participants explained that a strong patient-physician relationship enables physicians to detect non-
adherent patients more easily as it fosters more open and honest communication, in addition to
promoting patient-centered care. Furthermore, having information from past health care events (e.g.
prescriptions dispensed in hospitals, acute exacerbation occurrences), otherwise called ‘informational
continuity’,>? and having a long-term patient-provider relationship, might also be important facilitators to
the timely monitoring of adherence. Working closely with other healthcare professionals such as
pharmacists and respiratory therapists may also help mitigate some of these time-related constraints and

promote informational continuity.
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We believe that e-MEDRESP may help alleviate some of the barriers that physicians face when
discussing medication use with their patients, as it provides objective information on medication
adherence. Our results support the idea that pharmacy claims data, when processed into a user-friendly
format, can enhance communication regarding medication use and promote adherence, but only when
used in a context in which the patient feels empowered and is involved in the decision-making process.
Importantly, patients must provide consent to their physicians having access to their detailed pharmacy
refill histories, which may not always be easy to obtain. In a study we conducted in an outpatient asthma
clinic,”® only 40% of eligible patients with moderate-to-severe asthma accepted to provide such consent.
This low acceptance rate could be partly explained by some patients’ reluctance to share detailed
information on their medication use with their pulmonologist. Although patients and physicians in the
present study acknowledged these ethical implications, they remained optimistic and emphasized the
need to develop tools based on pharmacy claims that can empower patients and facilitate communication
on medication use.

Our findings should be interpreted in the light of some limitations. Because participation was on
a voluntary basis, physicians as well as asthma and COPD patients included in our study may not be fully
representative of the primary care setting. For example, patients may have been more adherent to their
medications compared to the general population of patients with chronic respiratory diseases and
therefore be more at ease to discuss their medication use in a group setting. Some of our findings, such
as those pertaining to the QHR, are more applicable to the Quebec primary care setting and may not be
generalizable to other clinical settings. Limitations of e-MEDRESP include those which are inherent to
pharmacy claims data. Namely, pharmacy claims data in reMed only include prescriptions dispensed in
community pharmacies. Thus, prescriptions filled in hospital pharmacies or prescriptions which were
written by the treating physician but not filled by the patient are not captured by the tool. Moreover,
filling prescriptions does not guarantee that the medication will be taken by the patient. Nevertheless, e-
MEDRESP can serve as communication aid and help physicians identify non-adherent patients more easily,
which will ultimately allow them to counsel and support their patients in a timely manner.

Overall, our study has many strengths and extends the literature on the practical and logistic
issues regarding the assessment of adherence to respiratory medications in clinical practice. Of note,
combining FG and interview data resulted in a nuanced and richer analysis and provided an opportunity
to achieve data saturation more rapidly, although this methodological approach was initially adopted to
ensure the timeliness of data collection. The analysis of the transcripts by three independent

investigators, coupled with our iterative approach to qualitative inquiry, ensured congruence between
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the research purpose, literature review, data collection strategies, participant sampling, and analysis,
which ultimately conferred validity and reliability to our findings.>*Although physicians play an important
role in assessing and promoting medication adherence, integrating the patient perspective into our
analysis allowed us to gain further insight on illness beliefs and treatment perceptions among patients, as
well as patient-physician communication barriers. Finally, developing e-MEDRESP in collaboration with
physicians allowed us to better understand the unmet needs of the primary-end users and ensured that

the tool can be easily integrated within physician workflow.

Clinical implications and future work

We are currently integrating e-MEDRESP in the EMRs of several clinics in the Canadian province of Quebec.
A feasibility study will be conducted to evaluate physicians’ use of e-MEDRESP, physician and patient
satisfaction with the tool, and its capacity to enhance patient medication adherence and physician
prescribing practices. A cluster randomized clinical trial is also envisaged to evaluate the effectiveness of
e-MEDRESP to improve medication adherence and disease control. The clinical usefulness of e-MEDRESP
may be enhanced if it becomes part of a multi-factorial intervention which focus on patient education,
and patient-physician communication. As there is an emerging trend for interdisciplinary teams to provide
primary health care, it would be relevant to develop strategies that could facilitate the sharing of
information presented in e-MEDRESP among primary care health professionals, including pharmacists,
respiratory therapists, and nurses. Ultimately, the integration of easily interpretable pharmacy claims data

in EMRs may serve as the basis for monitoring adherence and improving prescribing practices.

CONCLUSIONS

In routine clinical practice, the accurate assessment of medication adherence in asthma and COPD
patients may be hindered by several barriers, including time-related constraints and lack of objective and
easily interpretable information on medication use. e-MEDRESP has the potential to allow physicians to
measure adherence objectively and facilitate patient-physician communication concerning medication
use. Future studies are required to evaluate the feasibility of implementation, as well as patient and

physician satisfaction of e-MEDRESP in clinical practice.
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adherence in primary care
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Figure 2. e-MEDRESP prototype

Example of an e-MEDREP report of an asthma patient. The web-based format of e-MEDRESP is compatible with
electronic medical records, thus ensuring its seamless integration within physicians’ workflow. All information on
medication adherence is calculated from pharmacy claims data. Section 1 displays the adherence to all controller
medications dispensed in community pharmacies in the year prior to the medical visit, presented as a percentage.
Information on adherence to controller medications, according to medication class is also available. Colour codes
are used to designate different adherence levels. Section 2 shows an overview of all respiratory medications
dispensed in community pharmacies in the prior year. Dates and duration of refills, as well as generic names of
medications, are provided. Section 3 presents the use of rescue medications, oral corticosteroids, and antibiotics
dispensed in the prior year, per trimester. Of note, e-MEDRESP is available in English and French.
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Table 1. Subject characteristics (n=15)

n (%)*
Age (mean * standard deviation) 63.3+12.8
Men 9 (60.0)
Diagnosis, as reported by subject
Asthma 6 (40.0)
COPD 6 (40.0)
Concomitant diagnosis of asthma and COPD* 3(20.0)
Number of years since diagnosis
<5 6 (40.0)
5-10 5(33.3)
>10 4(27.7)
Mean (standard deviation) 10.5(10.0)
Smoking status
Non-smoker 9 (60.0)
Level of physical activity
None 5(33.3)
Low 5(33.3)
Moderate 4 (26.7)
High 1(6.7)

COPD: Chronic obstructive pulmonary disease
*Unless otherwise specified
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Table 2. Family physician characteristics (n=30)

n (%)*
Age (Mean + standard deviation) 41.0+£3.9
Women 17 (58.6)
Number of years of practice in family medicine
<10 17 (56.7)
10-19 4 (13.3)
20-29 3(10.0)
>30 6 (20.0)
Mean (standard deviation) 12 (11.5)
Practice region
Urban 17 (56.7)
Rural 13 (43.3)
Approximate number of patients with chronic respiratory diseases seen per
month
<20 9 (30.0)
20-39 13 (43.3)
>40 8(26.7)
Patients with respiratory diseases most commonly seen in clinical practice
COPD 21 (70)
Asthma 4 (13.3)
Equal number of asthma and COPD patients 5(16.7)

COPD: Chronic obstructive pulmonary disease
* Unless otherwise specified
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4.1.1 First Article: Supplementary materials

Article: Development of a web-based tool for assessing adherence to respiratory medications

using pharmacy claims data in primary care

Electronic supplementary material

S1: Interview guide - Patients with asthma or COPD
S2: Interview guide - family physicians
S3: Barriers to assessing and monitoring medication adherence, key quotes

S4: Facilitators of assessing medication adherence, key quotes
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S1: INTERVIEW GUIDE - PATIENTS WITH ASTHMA OR COPD

A. Disease experience

1. For how long have you been diagnosed with your respiratory disease (asthma or COPD)?

2. Who established the diagnosis? In which place?

B. Medication adherence and use
1. Toyou, what does it mean to take your medications correctly?
o Have you heard of the term medication adherence?

2. Do you sometimes modify the prescribed doses of your respiratory medications? Why?

3. What strategies do you use to remember to take your medications? Do you sometimes forget to

take your medications?

4. Do you notice a relationship between your respiratory medication use, your disease symptoms

and your exacerbations?

5. Do you take medications to treat conditions other than your respiratory disease?

C. Patient-Physician relationship and communication

According to the scientific literature, the physician-patient relationship plays a vital role in promoting

medication adherence.

1. How would you describe your relationship with your family doctor?

2. What is the nature of the communication with your doctor concerning your disease (medical

explanations, medication use, side effects)?

3. Do you discuss your medication use with your doctor? If yes, what subjects are discussed?

D. Use of pharmacy claims data to assess and monitor medication adherence

Suppose your physician can have access to information on all the medications you purchased at your

pharmacy. Would you be comfortable with your physician having access to this kind of information?

e How would such information affect your relationship with your family physician?
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S2: INTERVIEW GUIDE - FAMILY PHYSICIANS

A. Patient-physician relationship and communication concerning medication use
1. What is your definition of medication adherence?
2. How do you address medication adherence in your practice?
o Do you discuss medication adherence with your patients?
o Which strategies do you use to verify medication adherence?
3. Is communication concerning medication use different in patients with chronic respiratory
diseases (asthma, COPD), compared to patients with other chronic diseases?
B. Development of e-MEDRESP and use of pharmacy claims data to measure adherence
1. Do you access the prescription refill data found in the Quebec Health Record? to verify medication
adherence with your patients?
o What is your opinion on the ease of interpretability of this data?
2. Would a tool based on prescription refills (otherwise known as pharmacy claims data) be
relevant in clinical practice? Would it help you assess medication adherence and use?
3. Ifwe wereto develop an electronic tool based on pharmacy claims data3, what kind of information
would like to see?
o What would be the most appropriate metric to describe medication adherence and use
(percentages, graphics, etc.)?
o How would you like the medications to be categorized?
4. What additional information would you require to monitor your patients’ medication adherence
and use in a more adequate manner?
5. At which frequency would you like to receive updated information on your patients’ medication
use?
6. How would having access to an objective and easily interpretable information on your patients’

medication use affect your relationship with your patient?

Brainstorming and presentation of various prototypes.

2 Quebec Health Record (QHR): Electronic data repository in the Canadian province of Quebec that allows doctors,
pharmacists, and other healthcare professionals to access health information on their patients (medical results,

pharmacy prescription information

3 Our definition of an electronic tool is a tool that is integrated in electronic medical records.
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S3: BARRIERS TO ASSESSING AND MONITORING MEDICATION ADHERENCE

(First global theme)

Key quotes (translated from French), classified according to organizing and basic themes

Organizing Theme

Basic theme

Transcript excerpt

Participant
characteristics

Patient beliefs

Disease perception

Patients with COPD never complain and always
trivialize their symptoms. It's incredible how
their disease worsened with time! So, we as
physicians, come up with treatment plans, but
what’s the use? Compared to asthma patients,
COPD patients do not realize the severity of their
disease.

Dr, male, 64 years old,
40 years of experience
in family medicine

Disease perception

It seems that [COPD patients] have adapted to
an inferior quality of life. So we see them, they
are exhausted, they suffer from sleep apnea and
when we ask them the question [on their
general health], they respond " Oh no, | feel
well."

Dr, female, 34 years
old, 8 years of
experience in family
medicine

Disease perception

Most patients say: "Oh | feel so much better,
doctor!" And then you listen to their lungs and
realize that they are not well at all. It's probably
the only objective measure of compliance that |
have, at least according to my short medical
experience. So | tell myself, either compliance is
the problem... or the drug is not effective. And
to know which of these two is the problem can
be quite obscure.

Dr, male, 26 years old,
recent medical
graduate

Disease/Treatment
perception

There is a lot of education that needs to be done
with patients with COPD. | have a lot of patients
who do not believe they have a disease, so
whenever | prescribe them an inhaler, | often
sense a feeling of mistrust from them. There is a
lot of education to do in this respect. Indeed,
respiratory therapists can be very useful but
some patients do not even show up to their
appointments with the therapists.

Dr, female, 34 years
old, 8 years of
experience in family
medicine

Treatment
perception

P7:1do not feel the need [to take my respiratory
medication]. That's the thing. In my everyday
life.

P11: But if the doctor prescribed it, it's because
you need it.
P7:1am not sure that | need it that much. That's
the thing.

P7: Male patient, 40
years old, diagnosed
with COPD for 14
years

P11: Patient, 68 years
old, diagnosed with
COPD for 4 years

Treatment
perception

| heard that prolonged inhaler use can cause
your lungs to dry up. Is this true?

Patient, male, 56 years
old, diagnosed with
COPD for 4 years
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Organizing Theme

Basic theme

Transcript excerpt

Participant
characteristics

Lack of objective
information
regarding
medication use

Patient reliability

We would like something more objective.
Maybe not perfect, but at least objective so that
we do not solely rely on what patients tell us.

Dr, female, 34 years
old, 4 years of
experience in family
medicine

Patient reliability

We need to rely on the patient, and the patients
often do not want to tell their doctor that they
didn't exactly do what we told them to do
(laughs). Or it could be that the patient himself
makes suggestions and says: "l forget to take my
medication... | would like it to be more simple...
or could we change the medication?" It is the
patient who is in charge of his health.

Dr, female, 57 years
old, 32 years of
experience in family
medicine

Patient reliability

We directly ask patients whether they took their
medication, knowing full well that patient
reliability is mediocre. We know that adherence
in patients with COPD is about 40%. So there are
two points here: does the patient take the
medication and does he/she take it well? And
relying on patients’ accounts can be quite
misleading.

Dr, male, 26 years old,
recent medical
graduate

Patient reliability

It's not always easy [to assess adherence]
because we rely on [patients]. Sometimes, the
pharmacist communicates with us and tells that
the [patients] did not renew their prescription,
so that can help us. Otherwise, there isn't really
a method to verify whether what they tell us is
true. But they often end up telling us because
we end up increasing doses, or changing inhaler
and they know that it's because they didn't take
it... they end up telling us.

Dr, female, 55 years
old, 28 years of
experience in family
medicine

Interpretability of
pharmacy claims
data

When it comes to the QHR, there is no
organization! It’s a jumble of information. There
is no categorization; there is a lot of redundancy
[...] It's one line per medication, but sometimes |
have to go through 2-3 pages to find the drug |
am looking for. It's really not user-friendly! The
information is there, but you need to look for it.
For a patient who takes 2-3 medications, it is
relatively simple, but for a lot of patients who
take more than 7 medications, it becomes
problematic. There is no order in the QHR... it
was just given to us like that... ok well there is
the name of the prescriber, the date of
prescription, but there are no subcategories.
There is no work that has been done within the
QHR to make it more easily accessible. We need
to reason from this data... the QHR is still at its
preliminary phases.

Dr, male, 57 years old,
27 years of experience
in family medicine
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Organizing Theme

Basic theme

Transcript excerpt

Participant
characteristics

Interpretability of
pharmacy claims
data

The QHR helps us, but you need to dig into the
information. You need to play close attention, as
if you were a detective!

Dr, female, 35 years,
10 years of experience
in family medicine

Physician medical
practices

Disease
management

What is also complicated is that | often go to
conferences on COPD and learn about available
treatments and there seems to be uncertainty
regarding the efficacy of inhalers on survival and
morbidity. What they say [at the conferences] is
that the inhalers will only help relieve the
symptoms but then the patient tells me: "These
inhalers are not helping me". So | don't have
arguments to convince them, to insist that they
take their medications. Maybe | am party to
blame. So maybe | put less pressure on my
patients to take their inhalers because | myself
am not sure which medication has a better
efficacy relative to another one. [...] What is also
complicated is that there are always new COPD
drugs entering the market each week!

Dr, female, 39 years
old, 2 years of
experience in family
medicine

Importance given
to assessment and
monitoring of
medication
adherence

I must admit that | do not exert as much effort
when reinforcing the adherence to an
anticoagulant than to a COPD medication. |
noticed that's the same problem with other
doctors like me who do not have much
experience. So sometimes we realize that the
patient does not take his [COPD] medication. Is
the COPD medication just as important as other
medications to treat other diseases? Probably.
[...] Idon't systematically monitor the adherence
to all medications.

Dr, male, 30 years old,
3 years of experience
in family medicine

Disease
management

When | check their prescriptions and verify the
technique of utilization, | sometimes look as lost
as they are. So | can imagine why they do not
always have trust in their prescribed therapeutic
regimen. If | am lost, | can only imagine that they
are too.

Dr, female, 35 years
old, 10 years of
experience in family
medicine

Organization of
healthcare services

Short duration of
medical visits

[Medical visit durations] vary from doctor to
doctor. | take about 15-20 minute during
patients' annual visits, but other doctors take a
lot less time. And COPD patients have a lot of
other health problems, so | don't always have
time to verify compliance. We must choose our
battles.

Dr, female, 29 years
old, 2 years of
experience in family
medicine

Incomplete health
information

When patients are hospitalized... often the
hospital pharmacy does not have all the inhalers
available... So doctors modify the prescriptions
and often patients end up with many different
inhalers.

Dr, male, 37 years old,
11 years of experience
in family medicine
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Organizing Theme

Basic theme

Transcript excerpt

Participant
characteristics

Incomplete health
information

The reality is that... especially when we take on
new patients who have been previously
followed by the same doctor for 30 years and |
am not able to read previous doctors'
handwriting [in paper medical records], | tell my
patient " | am sorry, | will start my recipes all
over again, and we will redo all the medical tests
together. 1 am sorry, but there is no easy way for
me to find out which drugs you have already
tried" This is the reality of the disease
management and care of an elderly patient.

Dr, male, 26 years old,
recent medical
graduate

Healthcare
accessibility

When my respiratory physician retired, | was
told that | was going to be followed by a family
doctor. | waited for three and a half years for a
family doctor. | recently met her, so she
obviously doesn’t know me very well.

Patient, female, 81
years old, diagnosed
with COPD for 35
years

Healthcare
accessibility

Medical visits. With respiratory physicians. It's
been 25 years | haven't seen a respiratory
physician. | am about to die. | only have 30% of
my lungs left. So it would be the least of things
to have a medical visit every 6 months. Patients
are left on their own because some doctor
retired. What's the deal?

Patient, male, 70
years, diagnosed with
asthma/COPD overlap
for 25 years
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S4: FACILITATORS OF ASSESSING AND MONITORING MEDICATION ADHERENCE

(Second global theme)

Key quotes (translated from French), organized by theme

Organizing theme

Basic theme

Transcript excerpt

Participant
characteristics

Patient-physician
relationship

Communication

We should accompany patients rather than reprimand them.

MD, female, 50
years old, 17
years of
experience in
family medicine

Patient
empowerment

| always try to work in collaboration with the patient. Like |
always say, | work WITH the patient, not above the patient. | am
not a teacher, | am not the one who will scold them [...] It's really
to try to show that the patient is responsible for his own health
and that | am not there to shove medications in their mouths.

MD, female, 57
years old, 32
years of
experience in
family medicine

Communication

I think it’s important that our doctor respects us. My doctor told
me to stop smoking, but he knows | am not at this stage yet. He
respects me and gives suggestions, without forcing his
recommendations on me. He communicates with me.

Patient, male, 58
years old,
diagnosed with
asthma for 4
years

Communication

One of the first questions | ask them is: "Do you take your
medication regularly?" It's very simple, but if we do not ask,
they may hide the truth from us and we lose them. So if | am
open, they are open. So it will be easy to understand why they
only take their medication at specific times during the year, or
as needed... As long as we show that we are open, there won't
be any secrets. Or sometimes, | reformulate my question: "Do
you sometimes forget to take your medication?" And my
patient says "yes". So finally | get an answer. So | continue" How
often do you forget? Once every week? Once every month? Do
you regularly get your prescription at the pharmacy? Do you
sometimes prolong your prescription at the pharmacy? Do you
get your prescription every month and a half?" Small questions
like that...

MD, male, 32
years old, 2
years of
experience in
family medicine

Physician
access to
pharmacy claims
data

Relevance of
having access to
pharmacy claims

data

[Opinion on pharmacy claims data]: It's not perfect, but it's fine.
It opens up new lines of inquiry for me. | think it would... it
would satisfy an existing need.

MD, female, 57
years old, 32
years of
experience in
family medicine

Relevance of
having access to
pharmacy claims

data

Patients don't take their medications... they only wait until they
have an exacerbation to take action. Then pharmacists send us
a fax, indicating that the situation is critical.

MD, female, 35
years old, 10
years of
experience in
family medicine

Relevance of
having access to
pharmacy claims

data

It would be nice to have a history of medication adherence
every year. To see which inhaler or medication worked, see if
medication compliance changed after increasing a dose or after
I changed their prescriptions. If would be nice to see if our
interventions really have an impact on patient compliance.

MD, male, 65
years old, 42
years of
experience in
family medicine
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Organizing theme

Basic theme

Transcript excerpt

Participant
characteristics

Patient
acceptability

If doctors prescribe us medications, they assume that we take
them. And they prescribe them because we need them. So yes,
| very much agree that physicians should have access [to our
prescription refill data]. | would even be okay with physicians
knowing exactly if | took all the doses... that | didn't just hide my
inhalers in a cupboard at home and use only use them when |
need them. Did I really use them?

Patient, female,
38 years old,
diagnosed with
asthma for 22
years

Patient
acceptability

| believe it's a good idea. The doctor will be able to better
understand the situation. The pharmacist knows which
medication you took, but the doctor cannot exactly know which
medication was purchased.

Patient, female,
37 years old,
diagnosed with
asthma for 8
years

Patient
acceptability

It's for sure a double-edged sword... for sure. At any given time,
this is what happens: you see your doctor, you don't feel well.
He gave you drugs but then he realizes that you only took half
of them. What's the point of going back to the doctor?

Patient, male, 65
years old,
diagnosed with
COPD for 3 years

Patient
acceptability

| think this is a delicate issue... in the sense that the patient can
ask himself: "What? You have access to all this information? You
even know when | [purchased my medicine]" It's not really cool
to feel like you are under the radar.

MD, female, 39
years old, 6
years of
experience in
family medicine

Inter-professional
collaboration

Inter-
professional
collaboration -

| often request pulmonary function tests and at the same time,
respiratory technicians often check how the medications are
taken. And then they send us a report. It's super useful.

MD, female, 57
years old, 32
years of

respiratory experience in
therapists family medicine
Inter- . . . Dr, male, 37
. Sometimes, they use their inhaler incorrectly so then they say
professional . . . . years old, 11
. that their medication doesn't work. So one strategy is to get
collaboration - years of

help from the respiratory therapist [...] that's when we realize

respirator! s experience in
P . 4 that the medications are not taken correctly. p. .
therapists family medicine
We have a respiratory therapist who started to work with us at
the clinic. She gives us a great service; we are very lucky. So |
Inter- & & v ¥ MD, female, 50

professional
collaboration -

have a few patients who have been recently diagnosed, we start
a new medication, and the therapist does a spirometry test. So
that gives an objective measure to the patient. Maybe the

years old, 17
years of

respiratory . . . experience in
. patient does not feel any improvements, but clinically, . .
therapists L . . . family medicine
objectively, the patients gained back 20% of his pulmonary
function with the use of the inhaler.
Inter- Sometimes, the pharmacist communicates with us and informs | MD, female, 55

professional
collaboration -
pharmacists

us that the patient did not come fill their prescriptions.
Otherwise, we don't really have a way of knowing that what
patients tell us is true.

years old, 28
years of
experience in
family medicine
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4.2 Second Article: Feasibility of Implementing e-MEDRESP in Clinical
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ABSTRACT

Objectives: e-MEDRESP is a novel web-based tool built from pharmacy claims data that provides objective
and easily interpretable information regarding adherence to asthma/COPD medications. The aim of this
study was to assess the feasibility of implementing e-MEDRESP in primary care.

Methods: As part of prospective cohort study, e-MEDRESP was integrated in electronic medical records
and was available for 19 family physicians and 346 of their adult patients between July 2019 and
November 2020. Counters were embedded in the tool to track physician use of the tool throughout the
study. Patient and physician satisfaction with e-MEDRESP were collected via phone interviews and online
guestionnaires. The capacity of e-MEDRESP to improve adherence was explored using the reMed drug
claims database.

Results: 252 patients had at least one medical visit during the study. e-MEDRESP was consulted by 15
(79%) physicians for 85 (34%) of these patients during a medical visit. 73 patients underwent a phone
interview; 84% reported discussing their medication use with their physician; 33% confirmed seeing their
e-MEDRESP report on the physician’s computer and indicated that it was easy to interpret. Physicians
reported that the tool helped to better evaluate their patients’” medication use, with a mean rating (out
of 5) of 4.8 £ 0.7. When we assessed the adherence to controller medications in the 6 months before and
after the first physician consultation of e-MEDRESP during a medical visit, no improvement in adherence
was observed. However, among patients whose adherence level was less than 80% upon the consultation,
improvement in adherence was observed in those who filled inhaled corticosteroids or long-acting
muscarinic agents [respectively, PDC: 26.4% (95% Cl: 14.3-39.3%) and 26.9% (95% Cl: 12.4-40.2%)].
Conclusions: The integration of e-MEDRESP within physician workflow is feasible. e-MEDRESP can serve

as a powerful tool to assist physicians in monitoring medication adherence and improving patient care.

Key words: Medication adherence, electronic medical records, e-health tools, asthma, COPD
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INTRODUCTION

Asthma and chronic obstructive pulmonary disease (COPD) are major causes of chronic morbidity and
mortality worldwide. Globally, asthma affects over 350 million people! and approximately 174 million
have been diagnosed with COPD.? Despite a plethora of effective treatments, medication adherence in
individuals with asthma or COPD is dismal, often falling below 50%.3® Consequences of nonadherence
include inadequate disease control and worsening symptoms, as well as increased healthcare costs.”

A wealth of evidence from the literature highlights the detrimental effects of medication
nonadherence on therapeutic outcomes. In asthma, nonadherence generally results in decreased
pulmonary function, as well as an increase in hospitalizations and emergency department visits.° In fact,
24% of exacerbations and 60% of asthma-related hospitalizations could be attributed to poor adherence.®
Along similar lines, a US study revealed that for 1000 COPD patients, a 5% point increase in adherence
reduced the annual number of inpatient visits (-2.5%) and emergency room visits (-1.8%); further, the net
reduction in annual cost was approximately $300,000.1! Although adherence to prescribed therapy is a
complex issue, its detrimental public health effects are preventable.

A large majority of asthma and COPD patients are treated in primary care.’>** As the front-line
healthcare providers, family physicians have an important impact on patients’ perception of prescribed
therapy. To propose effective interventions, family physicians need to first assess adherence accurately
and in a timely manner—a challenging aspect of patient care. In practice, physicians often rely on patient
self-report;!* however, studies have shown that patients often overestimate their medication
adherence.’>'” Notably, one study reported an average adherence to asthma controller therapy of over
80% based on patient self-report, while electronic monitoring of metered dose inhaler actuation revealed
an average adherence of 50% for the same patients.® Alternatively, pharmacy claims data can be used to
obtain objective and non-invasive measures of medication adherence.'® They provide information on
medications filled by patients, as well as frequency of refills.!®> A downside of this approach is that these
data are not systematically available in clinical practice. Only a few medication adherence assessment
tools based on pharmacy claims data have been structured to fit around the daily practice of family
physicians.?2¢ Most of these tools were not disease-specific, although some were adapted to diabetes?*?°
and asthma.?*?® To the best of our knowledge, none were specifically developed for COPD patients.
Additionally, many of the existing tools were paper-based or not integrated in electronic medical records
(EMRs), which may have presented usability challenges among physicians. Furthermore, only one tool was

developed in collaboration with the primary end-users.?® Yet previous research suggests that integrating
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the physician and patient perspectives at the design, development, and testing process can help ensure
the effective uptake of new tools, including e-health technologies, in clinical practice.?”

In collaboration with family physicians and patients with asthma or COPD, we previously
developed e-MEDRESP, a novel web-based tool built from pharmacy claims data that provides to family
physicians with objective, continuously updated, and easily accessible and interpretable information on
adherence to asthma and COPD medications.* To ensure the seamless integration of e-MEDRESP within
physician workflow, our research team formed a partnership with OMNIMED, a leading EMR vendor in
Quebec, Canada. As part of a 16-month feasibility study, e-MEDRESP was integrated in the EMR of
participating clinics which subscribe to OMNIMED.

The purpose of this study was to assess the feasibility of implementing e-MEDRESP in family
medicine clinics. Specifically, we aimed to: 1) evaluate physician use of e-MEDRESP in routine clinical
practice; 2) evaluate physician and patient satisfaction with e-MEDRESP; and 3) explore the capacity of e-
MEDRESP to improve patient adherence and disease control, as well as prescription changes, 6 months

before and after the first consultation of e-MEDRESP by the treating physician.

BACKGROUND AND SIGNIFICANCE

e-MEDRESP was developed using a framework inspired by user-centered design principles and an
integrated health technology approach.} This tool provides graphical and tabular representations of
medication adherence to asthma and COPD controller medications and reliever medication use, through
algorithms based on physician preferences. Within e-MEDRESP, these algorithms are computed using
pharmacy claims data recorded in reMed,* a drug claims database which routinely collects information
on prescribed medications dispensed in community pharmacies for registered patients. An automated
data extraction procedure was established to update the information presented in e-MEDRESP every two
weeks. Moreover, physicians are not required to input any data to access the tool. An overview of e-
MEDRESP’s development process and underlying algorithms have been previously published.*

An example of an e-MEDRESP report is presented in Figure 1. Briefly, e-MEDRESP comprises three
sections that allow physicians to simultaneously identify important refill gaps and easily flag non-adherent
patients based on color codes. The first section of e-MEDRESP displays the percentage adherence to all
asthma and COPD controller medications dispensed in community pharmacies in the prior year.
Information on adherence to controller medications, according to medication class, is also available. For
patients who filled medications containing inhaled corticosteroids (ICS), the mean daily ICS dose is

presented on a quarterly and annual basis, using a bar chart. The second section provides an overview of
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all asthma and COPD medications dispensed in community pharmacies in the prior year. Dates and
frequency of refills, as well as generic names of medications, are provided. The third section presents the
use of reliever medications, oral corticosteroids, and antibiotics dispensed in the prior year, per trimester.
Other salient features of e-MEDRESP include a video tutorial, the option to print individual patient reports,
as well as an explanatory document presenting the list of inhaled respiratory medications with photos of

inhaler devices.

MATERIALS AND METHODS
Design

We conducted a feasibility study in 10 family medicine clinics in the Quebec province. A prospective cohort
using a convergent mixed-method design was used,?® whereby quantitative and qualitative data were
collected concomitantly over a 16-month period (July 2019 — November 2020), and then merged, with the
aim of evaluating the feasibility of implementing e-MEDRESP in clinical practice, from the perspective of
family physicians and patients with asthma/COPD. To ensure the timeliness of data collection, e-MEDRESP
was progressively deployed in clinics while patient recruitment was ongoing. In total, there were 7 phases
of implementation between July 2019 and June 2020, with each physician taking part in a single
implementation phase. Cohort entry corresponded to the date of implementation of e-MEDRESP in the
EMR. Of note, 21 patients were recruited after the tool was available in their physician’s EMR; for these
patients, cohort entry corresponded to the date of study enrollment. Follow-up ended on November 20,

2020 for all participants.

Setting and participants

Participants were recruited from all the family medicine clinics which subscribed to the OMNIMED EMR
in the Quebec province. To be eligible, family physicians must have treated patients diagnosed with
asthma or COPD in the prior year. Eligible patients were required to: be at least 18 years old; have an
asthma or COPD diagnosis recorded in the EMR; be treated by a participating family physician; and have
been prescribed at least one asthma or COPD controller medication in the previous year. Email and fax
correspondence were sent to clinics of potentially eligible physicians inviting them to participate in the
study. Within a week of contact, research team members contacted the clinics by phone to provide an
overview of the study objectives. Physicians interested in participating were subsequently required to

complete an information and consent form and return it to the research team to confirm their study
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enrollment. Patient recruitment was conducted in collaboration with recruited physicians. Specifically,
participating clinics appointed a research assistant to contact eligible patients by phone to explain the
project and invite them to participate. To confirm their participation, patients were required to complete
an information and consent form and return it to the research team via email or mail. Enrolled patients
were also registered in the reMed database, which allowed us to obtain their prescription refill data from
community pharmacies. Patients and physicians received compensation for time incurred due to study

participation.

Intervention

The e-MEDRESP web-based module was accessible through the homepage of the EMR of enrolled patients
(patient file). Following each implementation phase, the list of enrolled patients was faxed to the
participating clinics and each participating physician was contacted by a member of the research team to
schedule an in-person or telephone meeting. The purpose of the meeting was to remind the physicians of
the study objectives, to demonstrate the location of the tool within their EMR system, and to provide
training on how to use e-MEDRESP. Physicians were also invited to view a video tutorial that presented

the notable features of e-MEDRESP and were given an accompanying explanatory document.

Feasibility Outcomes
Use of e-MEDRESP in routine clinical practice

Physician use of e-MEDRESP was monitored following cohort entry, using hit counters that were
integrated in the tool. Through unique identifiers, these counters allowed us to identify the date when e-
MEDRESP was consulted, according to enrolled patients and physicians. Throughout the study, we
determined the number physicians who used e-MEDRESP at least once, as well as the number of patients
for which e-MEDRESP was consulted by the treating physician at least once, during and outside medical
visits. Moreover, the number of medical visits per patient (all causes) and the number of medical visits in
which e-MEDRESP was consulted by a treating physician was calculated. We also determined the time
that elapsed between the date of cohort entry and each consultation of e-MEDRESP, as well as the season
in which the tool was consulted. When available, information on the type of clinical encounter (annual,

emergency, in-person appointment, telehealth, etc.) was also obtained.
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Clinical usefulness of e-MEDRESP

Following the first physician consultation of e-MEDRESP during a medical visit, patient satisfaction with e-
MEDRESP was assessed via a telephone interview. Specifically, patients were asked if physicians discussed
with them their adherence to their asthma or COPD controller medications and if the information
presented in e-MEDRESP was shared with them during the visit. If the treating physician shared the
information presented in e-MEDRESP, patients were asked their opinion on the ease of interpretability of
e-MEDRESP and the extent to which e-MEDRESP facilitates patient-physician communication concerning
medication use. Physicians’ feedback regarding e-MEDRESP, as well as suggestions to further improve it,
were assessed via two online questionnaires. The first questionnaire was administered after the first use
of e-MEDRESP during a medical visit with an enrolled patient and the second questionnaire was
administered at the end of study. Two main domains were assessed in the questionnaires: 1) perceived
clinical usefulness of e-MEDRESP; and 2) ease of use and interpretability of information presented in e-
MEDRESP. Formats of questions included 5-point Likert scales, as well as dichotomous and open-ended
questions. Finally, to better understand the clinical relevance of e-MEDRESP during the COVID-19

pandemic, a post hoc survey was sent out to physicians.

Capacity of e-MEDRESP to improve medication adherence and disease control (secondary outcomes)

Patients’ adherence to controller medications was calculated via a modified version of the proportion of
days covered (PDC)*® and was evaluated 6 months before (pre-evaluation period) and after (post-
evaluation period) e-MEDRESP was consulted by the treating physician for the first time during a medical
visit, using pharmacy claims data recorded in reMed. Details on the PDC calculations are presented in the
supplementary materials (S1). A PDC below 80% was indicative of sub-optimal adherence, as clinical
evidence suggests that this threshold is the level above which the medication has a reasonable likelihood
of achieving the most clinical benefit.3! Additionally, the mean weekly number doses of short-acting B2-
agonists (SABA) and occurrence of exacerbations were also assessed within these two periods and were
used as proxies for disease control. Specifically, exacerbations were defined as a filled prescription for oral
corticosteroids of a duration of less than 14 days and the mean weekly number of doses of SABA was
estimated using an algorithm which we developed in a previous study®? that incorporates the following
parameters: dose per inhalation, pharmaceutical form, quantity dispensed, and dates of prescription
dispensing. If a SABA other than salbutamol is dispensed, the mean number of doses is converted to a
salbutamol equivalent. A mean weekly number of doses greater than 4 was considered a marker of
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uncontrolled disease, as per clinical guidelines.* Finally, to explore how e-MEDRESP affected prescribing
practices, we identified the number of medical visits which resulted in controller prescription changes
within the 6-month period following the first physician consultation of e-MEDRESP during a medical visit.
Prescription changes included any controller treatment add-on or ICS dose change. The mean daily
prescribed ICS dose was calculated via an algorithm which we developed in previous studies®*** that takes
into account the following parameters: potency of different ICS; medication form; quantity dispensed;
and medication dispensing date. By using the equivalency table published in the Canadian asthma
consensus report,*® the mean daily ICS dose was converted to the equivalent of the fluticasone

propionate.

Statistical and data analysis

Patients’ and physicians’ sociodemographic characteristics upon recruitment, as well as asthma and COPD
medication adherence and use in the year prior to cohort entry, were analyzed using descriptive statistics.
Medication adherence was calculated using a modified version of the PDC (see supplementary file (S1) for
details). Proportions were calculated for categorical variables and means and standard deviations were
calculated for continuous ones.

Use of e-MEDRESP during the study period was analyzed descriptively. The proportion and 95%
confidence intervals (Cl) of the following variables were computed: 1) physicians who used e-MEDRESP at
least once; 2) patients who had at least one medical visit; 3) patients for which e-MEDRESP was consulted
by the treating physician at least once, during and outside medical visits; 4) medical visits in which e-
MEDRESP was consulted by a physician for each type of clinical encounter as well as season and month of
consultation. The mean time and standard deviation between each consultation of e-MEDRESP and the
date of cohort entry were also assessed. Further, to evaluate patient and physician satisfaction with e-
MEDRESP, descriptive analyses were conducted on the answers obtained from telephone interviews and
online questionnaires; means and standard deviations were computed for Likert-Scale questions and
proportions and 95% Cl for dichotomous questions. Specific comments on the clinical usefulness of e-
MEDRESP were qualitatively described.

For the secondary analyses, the following variables were compared in the 6-month period prior
and after e-MEDRESP was consulted by the treating physician for the first time during a medical visit using
paired t-tests: 1) PDC of controller medications and 95% Cl; 2) mean weekly number of doses of SABAs
and 95% Cl; 3) number of OCS prescriptions of less than 14 days. Sub-analyses were also conducted in: 1)

patients for which the mean PDC of controller medications was less than 80% during the first consultation
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of e-MEDRESP; and 2) patient who had uncontrolled disease, defined by the presence of at least one OCS
prescription or mean weekly number of doses of SABA of at least 4. Furthermore, the proportion of
patients and 95% Cl who had a prescription change within 6 months following a physician consultation of
e-MEDRESP during a medical visit were computed. The secondary analyses were executed in patients for
whom the treating physician has consulted e-MEDRESP at least once during a medical visit and for which
a 6-month follow-up period was available. All statistical analyses were performed with SAS 9.4® (SAS

Institute, Cary NC).

Research ethics
This study was approved by the research ethics committee of the Centre Intégré Universitaire de santé et

de services sociaux du Nord-de-I'ile-de-Montréal.

RESULTS

Description of e-MEDRESP cohort

A total of 19 family physicians and 346 of their patients were enrolled in the study. The patient cohort
comprised 188 asthma patients, 131 COPD patients, and 27 patients with concomitant asthma and COPD
diagnoses (Table 1). The median follow-up duration of patients was 416.0 days (IQR: 399.0-461.0).
Patients were on average 59 years old and were mostly female. Upon cohort entry, the most prescribed
controller medications were ICS/long-acting B2-agonists (LABA), ICS monotherapy, and long-acting
muscarinic agents (LAMA), with average one-year adherence PDC levels of 51.6% + 28.3%, 36.1% + 26.5%,
and 68.0% + 28.5%, respectively. Physicians were on average 47 years old and the majority were female
and practiced in rural settings (Table 2). The median duration in which e-MEDRESP was available in the
EMR of physicians was 438.5 days (IQR: 416.0-461.0). The recruitment flow charts are available in the

supplementary file (S2). Recruitment rates for patients and physicians were 38% and 5%, respectively.

Use of e-MEDRESP in routine clinical practice

Out of the 19 recruited physicians, 15 (79.0% [95% Cl: 54.4%-94.0%]) used e-MEDRESP at least once during
the study. Out of the 346 patients enrolled, physicians viewed the e-MEDRESP reports of 133 patients,
and these occurred during or outside medical visits. Throughout the study, 252 patients (38.4% [95% Cl:
33.2%-43.8%]) had at least one medical visit with one of the enrolled physicians (Table 1). The e-MEDRESP
report of 85 (33.7%; Cl: 27.9%-39.9%) of these patients was consulted by a physician during a medical
visit.
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Consultations of e-MEDRESP by physicians since cohort entry

Throughout the study, the tool was consulted by physicians 202 times (Table 3). Among these
consultations, 102 (50.5%; 95% Cl: 43.4%-57.6%) occurred during medical visits. Further, the majority
occurred during in-person scheduled medical visits, while a minority took place in telehealth visits. Most
consultations occurred in the fall season and within the first 60 days following cohort entry. Of note, some
physicians had a small number of patients enrolled in the study, thus providing them with less
opportunities to view the tool throughout the study (details are presented in the S3 supplementary

material).

Use of e-MEDRESP by physicians since the first implementation

The rate of physician use of e-MEDRESP was higher in the first 5 months following the start of the study
(July 2019) and peaked in October and November 2019, which coincided with the largest implementation
phase of the tool in the EMR of participating clinics (Figure 2). A decrease in use was noticed during the
COVID-19 pandemic, although the rate of use started to rise again in fall 2020. Physician use of e-MEDRESP
according to patient diagnosis did not reveal any specific trends (supplementary material; figure S3). The
post hoc survey results are presented in the supplementary material (S5). Although many physicians
reported that their use of e-MEDRESP did not drastically change during the pandemic, some indicated
that they did not use the tool frequently because they had to modify their practice to adapt to the unusual
circumstances surrounding the public health crisis. Namely, they frequently carried out emergency and

mental-health teleconsultations; as a result, medication adherence assessment was not prioritized.

Clinical usefulness of e-MEDRESP
Overall, the tool appeared to be greatly appreciated by users. Patient and physician testimonies are
presented in Figure 3. Among patients whose physician consulted the tool during a medical visit (n=85),
we were able to reach 73 patients for a phone interview; 83.6% (95% Cl: 73.1%-91.2%) reported discussing
their medication use with their physician; and among them, 32.8% (95% Cl: 21.3%-46.0%) confirmed
seeing their e-MEDRESP report on the physician’s computer. Using a 5-point Likert scale, patients
indicated that their e-MEDRESP report was easy to interpret (mean rating +sd: 4.1 + 1.0). Furthermore,
patients reported that e-MEDRESP facilitated patient-physician communication on medication (mean
rating: 3.8 £ 0.9).

Table 4 provides an overview of physicians’ evaluation of e-MEDRESP. Following their first use of
e-MEDRESP, physicians conveyed that the tool helped to better evaluate their patients’ medication use
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(mean rating: 4.7 £ 0.6). They also felt that the tool facilitated communication on medication adherence
and helped them adjust the prescribed therapy, with mean ratings of 4.3 £ 0.9 and 4.8 £ 0.6, respectively.
Upon the first use of e-MEDRESP, physicians unanimously reported that they intended to continue to use
this tool and appreciated its seamless integration in the EMR. The questionnaire that was administered at
the end of the study revealed similar results, although the ratings were slightly lower.

Throughout the study, physicians provided many suggestions to further improve e-MEDRESP.
Specifically, it was suggested to add a functionality that will allow them to distinguish prescriptions that
were written by other healthcare providers and to ensure that percentage adherence calculations
consider prescription switches or cessations. As asthma clinical guidelines began to recently encourage
the use of as-needed low dose Budesonide (ICS)-Formeterol (LABA) (Symbicort®) as the preferred reliever
therapy,! it was suggested remove percentage adherence calculations for this medication when patients
use it on an as-needed basis, but to still provide information on the frequency of refills. Moreover, most
physicians were interested in having access to medication adherence assessment tools that are adapted

to other diseases, including diabetes, hypertension, and mental health disorders.

Capacity of e-MEDRESP to improve adherence

Among the 85 patients who had a consultation of e-MEDRESP during a medical visit, 79 had at least 6
months of follow-up data after the first consultation; therefore, the secondary analyses were conducted
on these patients. When we assessed the adherence to controller medications 6 months before and after
e-MEDRESP was first consulted by a physician, no improvement in adherence or disease control was
observed (Table 5). However, among patients whose PDC was less than 80% (n=36) in the 6-months prior
to the first consultation of e-MEDRESP, statistically significant improvement in mean PDC were observed
in patients who filled either an ICS or a LAMA [respectively, 26.9% (95% Cl: 12.6%-40.2%) and 26.4% (95%
Cl: 14.3%-39.3%)]. In the 6 months following the first consultation of e-MEDRESP during a medical visit,
12 patients(16.7 %; 95% Cl: 8.9%-27.3%) had a treatment switch or add-on and 13 patients (18.1%; 95%
Cl: 10.0%-29.0%) had an ICS dose increase.

DISCUSSION

In this study, family physicians were provided with e-MEDRESP, an innovative electronic tool based on
pharmacy claims data that allowed them to obtain objective and easily interpretable information on
medication adherence and use for their patients with asthma or COPD. The study findings are

encouraging: feasibility was demonstrated; e-MEDRESP was greatly appreciated by users; and
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improvement in adherence was observed among patients taking some of the most commonly prescribed
medications to treat moderate-to-severe asthma or COPD.

Our assessment revealed that e-MEDRESP was widely used in the beginning of the study. In fact,
74% of physician consultations of the tool occurred within the first 180 days following cohort entry. A
decrease in use was observed towards the end of the study, which may be explained by several factors.
The post hoc survey suggested that the COVID-19 pandemic may have affected the use of e-MEDRESP,
since some physicians modified their practices to better adapt to the circumstances surrounding the
public health crisis. Additionally, some of the enrolled patients had several medical visits throughout the
study; thus, a physician may not necessarily use e-MEDRESP at every encounter, especially if the reason
for the visit is not respiratory-related. Finally, some patients may have moved, changed family practices
or died during follow-up, although this information was not accessible to the research team.

On an encouraging note, positive feedback on the clinical usefulness of e-MEDRESP was gathered
from physicians and patients. Questionnaires, telephone interviews, and testimonies collectively showed
that e-MEDRESP facilitated patient-physician communication and helped them to provide a more
personalized treatment based on their patients’ medication adherence. Although the prototype of this
tool was extensively developed in collaboration with patients and physicians in a previous study,*
physicians provided feedback on how to further improve it, including modifications to the adherence
calculations that could better reflect recent changes in clinical guidelines. In contrast, patients did not
provide specific negative feedback on the tool. Telephone interviews revealed that only 33% of patients
had the opportunity to view their e-MEDRESP report during medical visits, indicating that the tool may
have been more adapted to physicians’ needs. Therefore, new strategies are required to better ensure
patient engagement. Given the growing popularity of mobile phone apps targeting medication
adherence,? we believe that linking e-MEDRESP to a mobile phone app that offers educational materials
may provide more personalized and interesting avenues for patients to optimize their medication-taking
behaviour, though further studies are required to confirm this hypothesis. At a broader level, our findings
underscore the importance of iteratively developing e-health technologies that are tailored to end-user
needs, from prototype development to the implementation process.

When we assessed the medication adherence in the 6 months before and after the first physician
consultation of e-MEDRESP during a medical visit, no improvement in adherence was observed. However,
among patients whose mean adherence level was less than 80% upon the consultation, subsequent
statistically significant improvement in adherence was observed among patients who took ICS
monotherapy or LAMAs. Although these results are promising, these improvement in adherence may be
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partially explained by the fact that most physician consultations took place in fall; as a result, adherence
was often assessed in the fall and winter seasons in the post-evaluation period. It was previously shown
that ICS use is highly seasonal and peaks in winter;*® thus, adherence improvements observed in our
analysis may be partly due to this phenomenon. Additionally, improvement in adherence was not
observed in other medication classes, possibly due to inadequate sample sizes. It can also be argued that
physicians may not have been always equipped to address medication adherence, even if they were able
to detect non-adherent patients using e-MEDRESP. Indeed, adherence is a complex phenomenon
entrenched in a myriad of factors, including social and economic factors (cost of treatment, prescription
coverage); therapy-related factors (number of drugs, number of doses); condition-related factors (disease
severity/control); and patient-related factors (age, illness beliefs, comorbidity, healthcare utilization).3%%°
It was also previously shown that patient education and counselling showed some positive effects on
medication adherence and that interventions delivered by pharmacists and nurses showed a better result
in improving adherence and outcomes than interventions led by general practitioners.** Thus, we believe
that the effectiveness of e-MEDRESP could be enhanced if it became an integral part of multi-layered
interventions which focus on strengthening patient and physician education, patient-physician
relationship, and inter-professional collaboration.

Above all, this study extends the literature on the development of e-health technology tools
aimed at enhancing healthcare quality. From its inception, e-MEDRESP was designed using several criteria
that were previously shown in the literature to facilitate physician adoption of new healthcare information
technology in clinical practice.?” First, physicians and patients were consulted throughout the
development and feasibility assessment process to ensure that e-MEDRESP was user-friendly and clinically
intuitive.*** Second, e-MEDRESP was implemented in EMRs to ensure that the tool was efficiently
integrated within physician workflow. Such an approach ensured that the tool did not result in loss of
productivity or increased clinician burden.**® Among the existing medication adherence assessment tools

reported in the literature,?%®

physician uptake of the tool in clinical practice was not always closely
monitored and patient and physician feedback were seldom collected. Moreover, capacity of these tools
to improve adherence was not always assessed, and when they were, the periods in which adherence was
assessed were not always clearly defined. Yet such methodological considerations should be embedded
in the design and implementation of new e-health technologies and are important steppingstones to

large-scale implementation. These factors may collectedly explain why the uptake of some of these tools

in clinical practice was not as high as expected.
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The results of this study should be interpreted in the lights of some limitations. Drawbacks of e-
MEDRESP include those that are inherent to pharmacy claims data. Namely, purchase at the pharmacy
does not necessarily mean that the patient consumed the medicine. Nevertheless, pharmacy claims data
are considered a more objective and accurate measures of adherence, and were shown to be correlated
with treatment outcomes.*’ Limitations related to sample size should also be noted: patient and physician
recruitment rates were low and some physicians had a low number of patients recruited, thus providing
them with less opportunities to use the tool and share feedback. It may also have been easier to recruit
physicians who were already proactive in promoting medication adherence in their practice. In a similar
vein, enrolled patients appeared to have, on average, higher level of medication adherence than the
general population.>® Therefore, our sampling strategy may not have entirely reflected the complexities

of the real-world clinical setting.

Clinical implications and recommendations for large-scale implementation

Although feasibility was demonstrated, we identified several strategies that should be considered prior to
large-scale implementation. First, it is important to integrate the suggestions put forth by the participants
of this study in order to further improve e-MEDRESP. Second, we recommend continuing to further
engage patients in the shared-decision making process and conduct feasibility studies with other
healthcare professionals, such as pulmonologists, nurses, and pharmacists to gauge the clinical relevance
of e-MEDRESP in different healthcare settings. Cluster randomized clinical trials are ultimately required to
evaluate the effectiveness of e-MEDRESP to improve adherence and enhancing prescribing practices.
Third, physician recruitment methods need to be modified, given our low recruitment rate. Although the
level of participation in research by general practitioners is generally low,* we believe that recruiting
physicians solely by phone, email or fax was not ideal. Instead, in-person visits may help to better elicit
their interest. Using promotional materials that present physician and patient testimonies on e-MEDRESP

could also boost participant engagement.

CONCLUSIONS

We successfully implemented the e-MEDRESP web-based tool in primary care. The key strengths of this
tool lie in its ease of accessibility and user-friendly format. Larger studies are required to evaluate the
effectiveness of e-MEDRESP to improve medication adherence and prescribing practices. ldeally, e-
MEDRESP should be integrated in multi-focal interventions which aim to foster patient and physician
education and stronger patient-physician relationship, as well as inter-professional collaboration.
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Figure 1. Example of an e-MEDREP report for an asthma patient.

Section 1 displays the adherence to all asthma and COPD controller medications dispensed in community
pharmacies in the year prior to the medical visit, presented as a percentage. Section 2 provides an
overview of all asthma and COPD medications dispensed in community pharmacies in the prior year. Dates
and duration of refills, as well as generic names of medications, are provided. Section 3 presents the use

of rescue medications, oral corticosteroids, and antibiotics dispensed in the prior year, per trimester.
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Figure 2. Physician use of e-MEDRESP throughout the study period
2a. Progressive implementation of e-MEDRESP in the EMR. In total there were 7 phases of implementation which

occurred between July 2019 and June 2020. 2b. Physician use of e-MEDRESP throughout the study. Graphical
representation of number of consultations of e-MEDRESP on a monthly basis, during or outside medical visits. 2c.
Medical visits in which e-MEDRESP was consulted. Graphical representation of number of consultations of e-
MEDRESP during medical visits on a monthly basis. Of note, medical visits displayed in (2b) and (2c) corresponded

to clinical encounters for any cause.
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Patient perspective

Thanks to this tool, my doctor made
me realize that | was not taking my

My doctor strongly recommended that
| take my [inhaled corticosteroids]

inhalers correctly. Now, | understand
better and closely follow my doctor’s
recommendations!

more often.

70-year old asthma
patient

. 56-year old asthma
‘ patient

My doctor told me that | was at 85%
[adherence level] but that most patients are
below 50% [with pride].

55-year old COPD
patient

Physician perspective

Excellent way to not only to verify
medicationadherence, but also to assess
patients’ understanding of the disease. For
example, when patients overuse their
rescue medication instead of their
controller medications on a regular basis.

‘ 30 years old
2 years of clinical
experience

This information would have only been
available to use if we directly called the
pharmacist, and this would have been
time-consuming and cumbersome.

‘ 37 years old
12 years of clinical
experience

| used the tool yesterday and a few
minutes ago. Excellent work!
e-MEDRESP is visually appealingand
practical. Congratulations!

. 56 years old
31 years of clinical
experience

| used this tool with great interest. |
think it has an added value that is
much appreciated. | hope that it will be
available for all patients in the future.

‘ 67 years old

42 years of clinical
experience

Figure 3. Physician and patient testimonies on e-MEDRESP

122




Table 1. Patient characteristics upon recruitment and medication use in the year prior to cohort entry (n=346)

Characteristics All (n=346) Asthma (n=188) COPD (n=131) Concurrent asthma/COPD (n=27)
Characteristics upon recruitment, as recorded in the reMed database n (%)

Age in years, mean + sd 59.2 +16.8 50.8 +17.08 69.6 £9.5 67.3+10.8

Female 205 (59.2) 121 (64.4) 66 (50.4) 18 (66.7)

Smoking status
Non-smoker 103 (29.8) 87 (46.3) 13(9.2) 3(11.1)
Previous smoker 161 (46.5) 71(37.8) 75 (57.3) 15 (55.6)
Smoker 76 (22.0) 26 (13.8) 41 (31.3) 9(33.3)
Missing values 6(1.7) 4(2.1) 2 (1.5) 0

Level of physical activity
None 104 (30.1) 44 (23.3) 51 (38.9) 9(33.3)
Low 146 (42.2) 89 (47.3) 50 (38.2) 7 (25.9)
Moderate 47 (13.6) 25 (13.3) 18 (13.7) 4 (14.8)
High 22 (6.4) 19 (10.1) 2 (1.5) 1(3.7)
Missing 27 (7.8) 11 (5.9) 10(7.6) 6 (22.2)

Variables related to implementation of e-MEDRESP in EMR, n (%)
Duration of follow-up in days

90-179 9(2.6) 7 (3.7) 1(0.8) 1(3.7)
180-364 44 (12.7) 28 (14.9) 15 (11.5) 1(3.7)
>365 293 (84.7) 153 (81.4) 115 (87.8) 25 (92.6)
Median (Interquartile range) 416.0 (399.0-461.0) 399.0 (399.0-461.0) 461.0 (399.0-461.0) 461.0 (399.0-503.0)4
Number of medical visits during study follow-up
None 94 (27.2) 60 (31.9) 30 (22.9) 4 (14.8)
1 69 (19.9) 41 (21.8) 22 (16.8) 6(22.2)
2-4 112 (32.4) 55 (29.3) 46 (35.1) 11 (40.8)
5-8 42 (12.1) 15 (8.0) 22 (16.8) 5(18.5)
>8 29 (8.4) 17 (9.0) 11 (8.4) 1(3.7)
Mean * sd (among patients who had at least one visit) 2.6 +2.9 26+3.0 3.0+3.0 2.7£2.0
Adherence to controller medications among users, one year prior to cohort entry* n (%), Mean PDC** % sd
Inhaled corticosteroids + long-acting 2-agonists 154 (44.5) 99 (52.7) 41 (31.3) 14 (51.9)
51.6+28.3 457 +27.1 60.4 +28.3 66.6 + 26.1
Inhaled corticosteroids 115 (33.2) 74 (39.3) 31(23.7) 10 (37.0)
36.1+26.5 38.3+28.3 32.6+249 30.8+15.3
Long-acting muscarinic agents 94 (27.2) 8(4.3) 76 (58.0) 10 (41.7)
68.0 + 28.5 50.5 +30.8 69 + 28 74.3 +28.3
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Characteristics All (n=346)
Leukotriene antagonist receptors 37 (10.7)
76.2 £25.9
Long-acting muscarinic agents + long-acting B2 agonists 32(9.2)
81.1+23
Long-acting B2-agonists 14 (9.2)
52.6 +36.7
Inhaled corticosteroids + long-acting muscarinic agents + 55 (15.9)
long-acting B2-agonists 89.6+14

Asthma (n=188)

30 (16.0)
76.3 +26.7

4(21.3)
73.5+32.7

COPD (n=131)
6 (4.6)

74.7 £25.9
32 (24.4)
81.1+23

8 (6.1)
47.1+39.6
55 (42.0)
89.6 + 14

Use of inhaled corticosteroids (ICS), one year prior to cohort entry*

Patients with at least one ICS prescription (alone or in 234 (67.6)
combination), n (%)

Mean daily ICS dose (ug/day") + sd 226.5+ 185
Use of rescue medications and oral corticosteroids, one year prior to cohort entry*

Mean weekly doses of short-acting [2-agonists
(salbutamol eq.), n (%)

None 187 (54.0)
<4 54 (15.6)
>4 105 (30.3)

Patients with at least one oral corticosteroid prescription 64 (18.5)

* Cohort entry corresponded to the date of implementation of e-MEDRESP in EMR

148 (78.7)

191.1+174.1

107 (56.9)
30 (16.0)
51 (27.1)
22 (11.7)

66 (50.4)

287 £201.3

70 (53.4
15 (11.4
46 (33.6

)
)
)
31(23.6)

Concurrent asthma/COPD (n=27)

1(3.7)
83 +-

2(7.4)
33124

20 (74.0)

289.1+£140.8

10 (37.0)
9(33.3)
8(29.7)
14 (51.9)

**A modified version of the PDC, which takes into consideration treatment initiation was used. Adherence calculation details are presented in the supplementary materials (S1).
"When applicable, inhaled corticosteroid doses were converted to fluticasone propionate HFA equivalent. Doses were calculated for all patients who were taking at least one ICS-

containing medication.
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Table 2. Characteristics of family physicians who used e-MEDRESP at least once during the study (n=15)

Physician characteristics after first use of e-MEDRESP n (%)*
Age in years, mean * standard deviation 47.4+15.9
Women 9 (60.0)
Number of years of practice in family medicine

<5 5(33.3)

5-14 3 (20.0)

15-34 2 (13.3)

>35 5(33.3)
Practice region

Urban 6 (40.0)

Rural 9 (60.0)
Approximate number of patients with asthma or COPD seen per month

<10 4(26.7)

10-20 7 (46.7)

>20 1(6.7)

Missing 3(20.0)
Patients with respiratory diseases most commonly seen in clinical practice

COPD 6 (40.0)

Asthma 1(7.1)

Equal number of asthma and COPD patients 5(33.3)

Missing 3(20.0)
Number of patients enrolled in the study

<10 5(33.3)

10-20 3(20.0)

21-30 4 (26.7)

>30 3 (20.0)
Duration of study follow-up in days **

Median (interquartile range) 438.5 (416.0-461.0)

Abbreviations: COPD: Chronic obstructive pulmonary disease

* Unless otherwise specified
**This period corresponds to the time between the time of implementation (first time e-MEDRESP was available in EMR) to end of study (November 2020).
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Table 3. Consultations of e-MEDRESP by physicians since cohort entry

Variables related to medical visits

First consultation of

Consultations of e-MEDRESP

e-MEDRESP* throughout the study follow-up*
(n=133) (n=202)
n (%) n (%)
Number of days since cohort entry**
<60 93 (69.9) 120 (59.4)
61-180 18 (13.5) 48 (23.8)
181-365 12 (9.0) 23(11.4)
> 365 10 (7.5) 11 (5.5)
Mean + sd 78.3+113.3 78.3+113.3
Type of clinical encounter
Annual exam 7 (5.3) 7 (3.5)
Urgent/walk-in visit 14 (10.7) 19 (9.4)
Telehealth 6 (4.5) 7 (3.5)
Appointment at the clinic 43 (32.3) 50 (24.8)
Type of clinical encounter unknown 15 (11.3) 17 (8.4)
Outside a medical visit 48 (36.0) 102 (50.5)
Reason for clinical encounter
Respiratory-Related 5(3.8) 6 (3.0)
Other 19 (14.3) 23 (11.4)
Not available 61 (45.9) 71(35.1)
Outside a medical visit 48 (36.1) 100 (49.5)
Season
Winter 18 (13.7) 33(16.3)
Spring 2 (1.5) 10 (5.0)
Summer 35 (26.7) 49 (24.3)
Fall 78 (58.7) 110 (54.5)

* Per patient

** Cohort entry corresponds to the date of implementation of e-MEDRESP in EMR
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Table 4 Physician baseline evaluation of e-MEDRESP: Perceived usefulness & usability

Items evaluated

BASELINE (n=12)

END OF STUDY (n=13)

Physician rating
Mean + Sd

% Agree or strongly
agree, n (%)

Physician rating % Agree or strongly
Mean (Sd) agree, n (%)

Perceived usefulness (1=Strongly disagree, 5=Strongly agree)

1. e-MEDRESP is generally useful to your clinical practice. 4.8+0.5 12 (100.0) 4.4+0.8 11 (84.6)

2. e-MEDRESP helps you better evaluate your patients’ 4.8+0.6 11 (91.7) 45+0.7 12 (92.3)
respiratory medication use.

3. e-MEDRESP helps you better adjust the doses of the prescribed 4.3 +0.9 9 (75.0) 3.9+0.6 10 (76.9)
respiratory medications.

4. e-MEDRESP facilitates the communication with your patient 4.8 +0.5 9 (75.0) 43+0.5 11 (84.6)
concerning his/her use of respiratory medications.

5. e-MEDRESP helps you save time. 4.010.9 8 (66.7) 3.7+09 7 (53.8)

6. You intend to continue to use e-MEDRESP. 48+0.4 12 (100.0) N/A N/A
You intend to recommend e-MEDRESP to your colleagues. 46+0.8 10 (83.3) 43+0.8 11 (84.6)

Usability scale — Content and format of e-MEDRESP (1=Strongly disagree, 5=Strongly agree)

8. The use of color facilitates the interpretation of the information 4.7 +0.7 11 (91.7) 4.7+0.5 13 (100.0)
presented in e-MEDRESP.

9. The section presenting the adherence level to controller 4.8+0.5 12 (100.0) 4.7+0.5 13 (100.0)
medication is easy to interpret.

10. The calendar which provides an overview of the respiratory 4.7 +0.7 11 (91.7) 40+0.8 11(84.6)
medications dispensed in the prior year is easy to interpret.

11. The bar chart illustrating the pattern of dispensing of rescue 4.5+0.7 11 (91.7) 45+0.7 12 (92.3)
medications is easy to interpret.

12. The bar chart presenting the pattern of dispensing of oral 4.5+0.8 10 (83.3) 4.6 +0.5 13 (100.0)
corticosteroids per trimester is easy to interpret.

13. The bar chart presenting the pattern of dispensing of antibiotics 4.6 +0.7 11 (91.7) 45+0.7 12 (92.3)

per trimester is easy to interpret.
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Table 5. Assessment of differences in medication adherence and disease control over a six-month period after first consultation of e-MEDRESP
by a physician during a medical visit

Asthma/COPD respiratory medications 6 months prior to 6 months after Mean Difference (post-pre)
n consultation consultation (95% Cl)
Mean t sd Mean £ sd
Adherence to controller medications (PDC) among patients who took at least one controller medication (n=63)*
Inhaled corticosteroids + long-acting 2 agonists combination therapy 32  69.3 £24.5 69.7 +28.3 0.3(-8.71t09.3)
Inhaled corticosteroids monotherapy 10 56.7+29.5 67.9+14.9 11.2 (-8.7t0 31.1)
Leukotriene receptor antagonists 13 889+13.1 80.8 +23.7 -8.2 (-21.5t0 5.3)
Long-acting muscarinic agents 19 784+255 80.8+24.1 2.4 (-12.41t0 17.3)
Long-acting B2-agonists + Long-acting muscarinic agents 8 88.4+135 84.5125.1 -3.9(-19.8 to 11.9)
Adherence to controller medications, among patients whose PDC was less than 80% during first consultation of e-MEDRESP (PDC)* (n=36)
Inhaled corticosteroids + long-acting 2 agonists combination therapy 21 56.0+18.8 62.3+295 6.3 (-5.2t0 17.9)
Inhaled corticosteroids monotherapy 7  41.7+20.2 68.6 £ 16.4 26.9 (14.3 t039.3)"™"
Long-acting muscarinic agents 8 52.8+18.5 79.1+21.9 26.4 (12.6 t0 40.2)*
Leukotriene receptor antagonists 2 63.5+0.7 69.0 + 25.5 5.5(-216.9 to 227.9)
Long-acting B2-agonists + Long-acting muscarinic agents 3 72.3+2.9 66.0 + 35.7 -6.3 (-87.8 to0 75.2)

Proxies of disease control: use of rescue medications or oral corticosteroids (n=79)

Mean weekly short-acting f2-agonist dose (salbutamol eq.), n (%)

None 39 (49.4) 32 (40.5)

<4 15 (19.0) 23(29.1)

24 25 (31.7) 24 (30.4)

Mean # sd 47+7.3 4.7+7.2 0.0(-0.9t00.9)

Oral corticosteroids, number of prescriptions less than 14 days

None 68 (86.1) 70 (88.6)

1 7 (8.9) 4 (5.06)

>1 4(5.1) 5(6.3) 0.0 (-0.6 to 0.6)
Mean + sd 0.2+ 0.6 0.2+0.5

Use of rescue medications or oral corticosteroids, among patients with uncontrolled disease during first consultation of e-MEDRESP (n=30) '

Mean weekly short-acting f2-agonist dose (salbutamol eq.), n (%)

None 19 (63.3) 25 (83.3)

<4 7(23.3) 2(6.7)

>4 4(13.3) 3(10.0)

Mean + sd 11.7+7.9 10.3+9.0 -1.4(-3.6 t0 0.9)

Oral corticosteroids, number of prescriptions less than 14 days
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None 18 (64.3) 22(78.6)

1 6(21.4) 2(7.1)
>1 4(14.3) 4(14.2)
Mean * sd 0.4+0.8 0.5%+0.7 -0.2 (-0.5t0 0.14)

*Adherence was assessed for medications that were prescribed both before and after the visit with access to e-MEDRESP. A modified version of the PDC, which takes into consideration treatment
initiation was used. Details on PDC calculations are presented in the supplementary materials. Therefore, the analysis was only conducted in patients who took the same controller medication in
both evaluation periods

** p-value < 0.05

tp-value < 0.01

t1 Patients were considered uncontrolled if they had a mean weekly short-acting B2-agonist dose (salbutamol eq.) greater than 4 or at least 1 prescription filled of oral corticosteroids in the 6
months prior to the consultation of e-MEDRESP

129



4.2.1 Second Article: Supplementary Materials

Feasibility of Implementing a Web-based Tool Built from Pharmacy Claims Data (e-MEDRESP)

to Monitor Adherence to Asthma/COPD Medications in Primary Care

Electronic supplementary material

S1: Adherence calculations — Explanations

S2: Participant recruitment flow chart

S3: Medical visits in which e-MEDRESP was accessible to participating physicians (n=19)

S4. Physician use of e-MEDRESP since beginning of study, according to patient diagnosis

S5. Post hoc survey to better understand the clinical relevance of e-MEDRESP during the COVID-19

pandemic
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S1. Adherence calculations — Explanations

Adherence calculation for the baseline characteristics (Table 1)

e Adherence was calculated for each medication class, using a modified PDC that took into
consideration treatment initiation.

e Since all participants were prevalent users and details on physician prescriptions were not available,
it was assumed that patients newly initiated their treatment if the first fill occurred within the 6
months prior to cohort entry (implementation of e-MEDRESP in EMR)

e Thus, if the first fill was within the six months period prior to cohort entry, then the PDC corresponded
to the total days’ supply divided by the date of cohort entry minus the date of the first filling.

Otherwise, the PDC corresponded to the total days’ supply divided by 365 days.

Adherence calculation in the exploratory pre-post analyses (Table 5)

Similar to Table 1, adherence was calculated for each medication class, using a modified PDC that took
into consideration treatment initiation. In contrast, the PDC corresponded to the total days’ supply divided
by a denominator that was determined by the treatment initiation, as explained below.
For simplification purposes, the following variables denote the periods which were considered in the
calculations:
e Pre-evaluation period: 6 months prior the date of the first medical visit in which e-MEDRESP was
consulted;
e Post-evaluation period: 6 months following to date of the first medical visit in which e-MEDRESP
was consulted;

e Look-back period: 6 months prior to the pre-evaluation period.

gen|

e-MEDRESP
Medical visit in
which e-MEDRESP
was consulted

| Look-back period I Pre-evaluation period I Post-evaluation period |

6 months 6 months 6 months
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In our analysis, we only included patients for whom medications belonging to the same class were
filled at least once in the pre-evaluation period and in the post-evaluation.

If there was at least one fill in the look-back period and in pre-evaluation period, then the
denominator of the PDC of the pre-evaluation period corresponded to 6 months.

If there was no dispensing in the look-back period, then it was assumed that a new treatment was
initiated in the pre-evaluation period. For those cases, the denominator corresponded to the date of
the medical visit minus the date of the first filling in the pre-evaluation period. In our analysis which
included 79 patients, only one patient initiated the treatment in the pre-evaluation period. The mean
duration of the pre-evaluation period was 179.6 + 12.5.

The denominator in the post-evaluation period corresponded to 6 months for all patients.
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S2. Participant recruitment flow chart

Family physicians invited to
participate in study (n=565)

\4

Family physicians who

accepted to participate
(n=31)

A\ 4
Family physicians for which
e-MEDRESP is available in EMR

(n=19)

Figure S1.1 Family physician recruitment
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Excluded physicians (n=12):
- Unable to recruit patients due to
small small size obtained (n=5)
-Voluntary withdrawal from the
study (n=3)
-Clinic was no longer a client of
OMNIMED at the time of
implementation of e-MEDRESP in
EMR (n=4)




2712 potentially eligible patients |

314 patients that could | 2398 patients reached |
not be reached , Non eligble (n=1153)

| 1245 eligible patients |

Refusals (n=775)

470 RECRUTED 85 excluded patients
PATIENTS - Patients whose physician
practices in a clinic that is no
longer a client of OMNIMED

(n=62)
-Patients whose physician
withdrew from study (n=23)

385 PATIENTS enrolled in
the e-MEDRESP project

39 excluded patients
Patients for which we could
obtain pharmacy claims data via

346 PATIENTS for which ReMed database*

e-MEDRESP was availabe
in EMR

Figure S1.2 Patient recruitment
*Patients had to be excluded because we could not obtain their pharmacy claims data via the reMed database.
Possible reasons for this occurrence include:
e Death of patient prior to cohort entry
o Non-eligible pharmacy reMed obtains data on prescriptions refills from the IT service providers of the
pharmacies. At the moment, there are two IT providers (namely PrioRx and ReFlex Rx) that do not
participate in the reMed database.
e [T logistical problems, e. g. the link between reMed and the IT service provider of pharmacies for some
patients could not be made. For example, this problem could occur if the patient does not provide the

right medical insurance number upon registration in reMed.
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$3. Medical visits in which e-MEDRESP was accessible to participating physicians (n=19)

Participating physicians

n (%)
Number of medical visits in which the physician had
the opportunity to access e-MEDRESP*
Less than 10 4(21.1)
10-19 6(31.6)
20-49 2 (10.5)
> 50 7 (36.8)
Number of patients who had at least one medical
visit during the study
Less than 10 11 (57.9)
10-19 4(21.1)
20-49 3(15.8)
> 50 1(5.3)

* A patient can have more than one medical visit
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Number of times e-MEDRESP
was consulted by a physician,

Number of times e-MEDRESP

Number of times e-MEDRESP

S4. Physician use of e-MEDRESP since beginning of study, according to patient diagnosis
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S5. Post hoc survey to better understand the clinical relevance of e-MEDRESP during the COVID-19

pandemic

Survey was distributed in May 2020. 14/19 (74%) physicians completed the questionnaire.

Table $3.1 Questions regarding consults conducted since the beginning of the pandemic

Since March 14 2020,
what modalities to do
you use to perform
medical consults with
your patients?

Do you currently have
access to the OMNIMED
EMR, as well as all its
functionalities  during
your consults? *

What types of medical
consults do you do with
your patients? **

Telephone consults
Videoconference consults

In-person visits at the clinic

During telephone consults

During videoconference
consults

In-person visits at the clinic

Consults without
appointments (emergency)
Consults with appointment
Annual exams

Follow-up of tests and lab
results

0%

0(0.0)
14 (100.0)
3(21.4)

0(0.0)
12 (85.7)

2 (14.3)
4(28.6)

0(0.0)
3(21.4)
1(7.1)

1-24%

0(0.0)
0 (0.0)
5(35.7)

0(0.0)
0(0.0)
0(0.0)
6 (42.9)

2 (14.3)
10 (7.1)
9

25-49%

1(7.1)
0(0.0)
6 (42.9)

0(0.0)
0(0.0)
1(7.1)

2(14.3)

3()
1(7.1)
3(21.4)

50-74%

7 (50.0)
0 (0.0)
0 (0.0)

1(7.1)
0 (0.0)
0(0.0)
1(7.1)

6 (42.9)
0 (0.0)
0 (0.0)

% time devoted in clinical practice, n (%)

75-99%

4(28.6)
0 (0.0)
0 (0.0)

0(0.0)
0 (0.0)
0 (0.0)
0 (0.0)

3(21.4)
0 (0.0)
1(7.1)

* 3 physicians reported doing home visits (5% of the time); 1 physician reported only doing teleconsultations since she was at

her third pregnancy trimester

**0One physician reported doing more consults related to mental health care
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100%

2(14.3)
0(0.0)
0(0.0)

13
2(14.3)
11 (78.6)
0(0.0)

0(0.0)
0(0.0)
0(0.0)



Table S3.2 General questions on use of e-MEDRESP during the COVID-19 pandemic and future intent
to use tool

n (%)
Please describe your use of the e-MEDRESP tool since the beginning of the
pandemic 1(7.1)
Increase in use 3(21.4)
Decrease in use* 10 (71.5)
No change in use
In the next few weeks, do you intend on using the e-MEDRESP tool if you have a
consult with one of the participating patients of the e-MEDRESP project?
Yes 12 (85.7)
No 2(14.3)

*Two physicians reported that they had to modify their practice to adapt to the unusual circumstances surrounding the pandemic
(emergency and mental-health related consults) and one physician reported that he did not have medical consults in which he

felt the need to use the tool.

Key take-aways
= All physicians had access to e-MEDRESP during the pandemic, including during telephone consults.
=  The majority of physicians intended to continue to use e-MEDRESP after completing the survey.
=  Reasons which may explain decrease of use of e-MEDRESP during the COVID-19 pandemic:
— A decrease number of respiratory-related medical visits (more emergencies, mental health-
related consults)
—  Modification of practice to better adapt to circumstances surrounding the public health practice
(more telehealth consultations, shorter duration of consults, less medical visits overall, etc.)

—  Personal circumstances which may decrease the number of consults done overall (e.g. pregnancy
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4.3 Third Article: Systematic Review of Diagnostic Algorithms to Identify

Asthma Patients in Healthcare Administrative Databases

The Validity of Diagnostic Algorithms to Identify Asthma Patients in Healthcare

Administrative Databases: A Systematic Literature Review

Alia Yousif, MSc * ®; Roxanne Dault, MSc ¢ Mireille Courteau, MSc & Lucie Blais, PhD *°; Anne-Marie
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Abstract
Objectives: To review the available evidence supporting the validity of algorithms to identify asthma

patients in healthcare administrative databases.

Methods: A systematic literature search was conducted on multiple databases from inception to March
2020 to identify studies that reported the validity of case-finding asthma algorithms applied to healthcare
administrative data. Following an initial screening of abstracts, two investigators independently assessed
the full text of studies which met the pre-determined eligibility criteria. Data on study population and
algorithm characteristics were extracted. A revised version of the Quality Assessment of Diagnostic

Accuracy Studies tool was used to evaluate the risk of bias and generalizability of studies.

Results: Twenty studies met the eligibility criteria. Algorithms which incorporated 21 diagnostic code for
asthma over a one-year period appeared to be valid in both adult and pediatric populations;
(sensitivity=85%; specificity>89%; PPV270%). The validity was enhanced when: 1) the time frame to
capture asthma cases was increased to two years; 2) 22 asthma diagnoses were considered; and 3) when
diagnoses were recorded by a pulmonologist. Algorithms which integrated pharmacy claims data
appeared to correctly identify asthma patients; however, the extent to which asthma medications can
improve the validity remains unclear. The quality of several studies was high, although disease progression

bias and biases related to self-reported data was observed in some studies.

Conclusions: Healthcare administrative databases are adequate sources to identify asthma patients. More
restrictive definitions based on both asthma diagnoses and asthma medications may enhance validity,

although further research is required to confirm this hypothesis.

Key words: asthma, validation, diagnostic algorithms, administrative databases.
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INTRODUCTION

Asthma is a major non-communicable disease characterized by variable symptoms of wheezing,
breathlessness, chest tightness or cough, and by reversible expiratory airflow limitation (1, 2). With over
334 million individuals affected worldwide, asthma has become an important public health issue and a
leading cause of chronic morbidity, especially among children (2).

To inform health policy and advance therapeutic research in asthma and other chronic diseases,
healthcare administrative databases have been widely used in epidemiologic studies and post-marketing
drug safety and effectiveness research (3-7). These data sources are preferred over more traditional
methods of data collection such as questionnaires, as they provide the opportunity to study disease
burden and trajectories in large populations, as well as study rare outcomes, including mortality and
hospitalizations, using real-world data (8, 9). Additionally, information in administrative databases do not
rely on patient self-report, thereby eliminating the possibility of recall bias (10). However, since these data
are primarily used for billing purposes and are a by-product of complex and evolving healthcare systems,
there is a concern that misclassification of clinical information may introduce bias. In this context, it is
crucial to assess the validity of these data sources for research (11).

Identifying a sample of patients in whom asthma has been diagnosed as accurately as possible is
arguably one of the most important first steps in conducting rigorous epidemiologic research (12). In an
effort to assess the value of healthcare data for secondary research on asthma, Nissen et al. conducted a
systematic review on the current methods used to validate asthma diagnoses in electronic health records
(EHR) (13), while Sharifi et al. reviewed validation methods to capture asthma exacerbations in
administrative data (14). To the best of our knowledge, the validity of the existing asthma diagnosis case
definitions applied to healthcare administrative data have not yet been synthesized. Indeed, the past two
decades have witnessed an explosion in asthma research conducted using healthcare administrative data
and it is crucial to identify the case-finding algorithms which have a better overall performance in terms
of distinguishing individuals who actually have asthma and those who do not. The aim of this study was
thus to conduct a systematic literature review to identify studies that have validated asthma case-finding
algorithms applied to healthcare administrative data. A critical appraisal of each study was conducted
alongside to assess potential sources of bias and generalizability of findings. Our hypothesis is that

healthcare administrative databases are an adequate source to capture asthma cases.
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METHODS

This study is among a series of systematic reviews of validated methods for identifying various chronic
diseases using healthcare administrative data that have been conducted by the Quebec Strategy for
Patient-Oriented Research (SPOR) Support Unit, as part of its mandate to implement strategies to

facilitate access and use of health data.

Search strategy and selection criteria

To identify relevant articles, we searched the following databases from their inception to November 8,
2018: Medline; PubMed; Embase; CINAHL; Ageline; PsycINFO; Abstracts in social gerontology; and all
Evidence-Based Medicine Reviews (EBM) Reviews. The search strategy encompassed the following
concepts: 1) asthma (and related terms such as bronchospasms); 2) validity (specificity, sensitivity,
positive predictive value (PPV), negative predictive value (NPV), and receiver operating characteristic
(ROC) curves); and 3) healthcare administrative data. Search strategies were developed in collaboration
with a librarian and were adapted to each database. The Scopus database was used to update the search
on March 2020 through a similar search strategy that was validated by a librarian. A complete list of search
terms is found in the electronic supplementary files (Table S1).

For this systematic review, we included studies which: 1) applied at least one asthma diagnostic
algorithm to healthcare administrative data; 2) validated the algorithm definition(s) against a reference
standard; 3) reported at least one of the following key measures of diagnostic accuracy: sensitivity,
specificity, PPV or NPV. Studies were excluded if only kappa values were reported or if regression models
were used to identify asthmatic patients. Studies which only reported algorithms that combined asthma
and chronic obstructive pulmonary disease (COPD) codes were excluded.

All titles and abstracts were independently screened by two investigators, with the aim of
identifying original research papers which fit the pre-specified eligibility criteria. All abstracts identified by
either reviewer in the abstract screening phase were then assessed in full text. Disagreements of eligibility
were resolved by a third reviewer. As a complement to the systematic review, bibliographies of included
articles were manually searched for additional pertinent articles, and those articles were subsequently
screened and reviewed using the same method (snowballing) (15). The grey literature was also searched

to broaden the scope to more relevant studies and provide a more complete view of available evidence.
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Data Extraction

For each retained study, a reviewer extracted the relevant information using a standardized data
abstraction form. A second reviewer validated the extracted information by the first reviewer and
disagreements were resolved by consensus or by a third reviewer, when necessary. Data elements of
interest included: 1) study characteristics (author, year, country); 2) population characteristics (sample
size, eligibility criteria); 3) name of administrative database; 4) diagnostic algorithm; 5) reference standard

used to identify asthma cases and non-cases; and 6) measures of diagnostic accuracy.

Quality assessment

The Quality Assessment of Diagnostic Accuracy Studies revised tool (QUADAS-2) (16) was used to assess
risks of bias and generalisability for each eligible study. Based on the recommendations of Whiting et al.
(2011) (16) and taking inspiration from the systematic reviews on validated algorithms conducted by
Woodfield et al. (17), Tan et al., (18) and Van Mourik et al. (19), the QUADAS-2 was specifically adapted
for case identification algorithms in healthcare administrative databases. Details of the quality assessment

domains and criteria are presented in the supplemental file.

RESULTS

The literature search yielded 1019 citations. The number of references assessed and reasons for exclusion
are shown in Figure 1. After excluding duplicates, 645 abstracts were reviewed and 62 articles were
selected for full-text review. The literature review update resulted in 95 additional citations, of which
three were retained for analysis. In total, twenty articles met the eligibility criteria and were retained for
analysis; fourteen of which were identified through the electronic database search, and six of which were
identified via snowballing (n=5) or the grey literature (n=1).

Table 1 provides an overview of the characteristics of the retained studies. The majority were
conducted in Canada (n=8) (12, 20-26) and in the United States (n=6) (27-32); other studies were
performed in Italy (33-35), Australia (36), Denmark (37), and the United Kingdom (38). A total of five
studies were conducted in pediatric populations (22, 25, 27, 31, 37), seven in adult populations (20, 21,
26, 29, 32, 36, 38), and the other studies included pediatric, adolescent or adult populations (12, 23, 24,
28, 30, 33-35). Among studies which restricted their populations to adults, some studies focused on
specific population segments, including women delivering live born infants (32), geriatric individuals (26),
patients with multimorbidity (36), and patients who underwent a colectomy (38). The studies were
published between 2000 and 2019 and reported on study populations identified between 1994 and 2017.
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Quality assessment

Several studies had a good methodological quality. However, studies which used surveys, questionnaires
or interviews as the basis for the reference standard (n=7) have potentially introduced bias related to self-
reported data, including misclassification bias. Moreover, the validity of several algorithms tested in
pediatric populations may have been hampered by the disease progression bias (22, 23, 25, 28, 31, 33-
35), which arise when the patient condition changes between administering the index and reference test
(39). The quality assessment domains, criteria and results are shown in the supplementary files (Table S2;

Figure S1).

Reference standards

In adult populations, reference standards used to distinguish asthma cases from non-cases consisted of
clinical case definitions involving: 1) documentation of diagnoses in medical charts, reviewed by either
trained chart abstractors or research nurses (12, 30, 32, 38); 2) adjudication of asthma by a physician using
the criteria specified in the Expert Panel Report of Guidelines on Asthma (29) or clinical criteria involving
a combination of documented diagnoses as well as patient history of wheezing and shortness of breath
(33); and 3) patient self-reported data from surveys (21, 23, 36). For pediatric asthma, reference standards
included:1) review of diagnoses documented in medical records by trained chart abstractors or research
nurses (12, 27, 35); 2) pediatric allergist-diagnosed asthma (22); 3) review of medical charts by a general
pediatrician and a pediatric respirologist using clinical criteria based on documented episodes of wheezing
and response to asthma medication (24, 35); and 4) parent report of a physician diagnosis of asthma,
wheezy cough or reactive airway disease through telephone interviews or questionnaires (25, 28, 34).
Furthermore, one study sent out, for each child with no discharge diagnosis of asthma recorded in their
medical chart, a questionnaire to the general practice clinic where the child was registered at the time of

the study to further confirm absence or presence of asthma diagnosis (37).

Summary of algorithms and validity

Table 2 and 3 provide details of the algorithms reported in each publication, according to whether studies
used, respectively, clinical/chart review (n=13) or self-reported data (n=7), as the basis for the reference
standard. Of note, meta-analysis was not conducted due to substantial heterogeneity found in the studies
with respect to study characteristics, types of reference standards used, and diagnostic accuracy measures

reported.
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The majority of studies developed and tested asthma diagnostic algorithms as the primary
research question, while eight reported on the validity of other diagnoses as well, most commonly COPD
(22, 23, 26, 29, 32, 33, 36, 38). Most studies constructed their algorithms using either a combination of
pharmacy claims and healthcare utilization data (ambulatory medical visits, emergency department visits
or hospitalizations) (22, 23, 28, 30-33, 36), or only healthcare utilization data (12, 20, 21, 24-27, 29, 38).
Three studies developed algorithms based exclusively on pharmacy claims data (34, 35, 37). Nearly all
publications used ICD-9-CM or ICD-9 codes to identify asthma patients, and consistently used the 493.X
(asthma) code (Table 4), although two studies did not provide the specific codes used (22, 38). The
majority of studies reported sensitivity, specificity or PPV values, whereas six studies reported all four key

diagnostic measures of accuracy (20, 23, 25, 31, 36, 38).

Pediatric populations

Among studies conducted in pediatric populations, PPV ranged from 41 to 92%, NPV from 85 to 99%,
sensitivity from 31 to 96%, and specificity from 27 to 99%. Of these, three studies provided evidence that
one asthma diagnosis from an ambulatory medical visit over a one-year period was adequate to identify
pediatric asthma cases (sensitivity 285%, PPV 275%) (12, 24, 27). In contrast, Lix et al., which used self-
reported data as the basis for their reference standard, reported a sensitivity of 30% (23). Additionally,
Korzyrskyj et al. showed that the accuracy was enhanced when a combination of asthma medications and
ambulatory medical visits were considered in the algorithms (sensitivity > 80% and PPV > 90%) (22),
although the authors did not provide the list of respiratory medications considered. The study by Moth et
al. (37) developed and validated several algorithms exclusively on pharmacy claims data and the highest
sensitivity (63%) and specificity (86%) were reported in the operational definition which included, over a
one-year period, at least one respiratory medication, and required inhaled beta2-agonists or inhaled
corticosteroids (ICS) to be filled at least twice and excluded SABA in liquid form. Bechtold et al. also
validated a medication-based algorithm and observed that the sensitivity increased when the time frame

used to identify asthma cases was lengthened to four years (34).

Adolescent/Adult populations

Among studies conducted in adult or adolescent populations, PPV ranged from 35 to 100%, NPV from 82
to 100%, sensitivity from 7 to 96%, and specificity from 27 to 99%. Similar to pediatric populations, the
validity of theses algorithms were reasonably good when at least one ambulatory medical visit, emergency
department visit, or hospitalization for asthma was identified over a one-year period (PPV: 70-90%;
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specificity: 89-100%) (12, 21, 23). However, reported sensitivity values were fairly low. For example, Lix et
al.(23) and Huzel et al. (21) reported sensitivity values ranging between 13 to 60%, although their
reference standard consisted of self-reported data. Additionally, Biffi et al. (33) reported sensitivity values
which ranged between 39 and 64% but the algorithms included only hospitalizations and pharmacy claims
data and omitted ambulatory medical encounters. Although authors explained that they selected their
algorithms to avoid detecting false disease cases, specificity values were not reported. As exemplified by
Lujiic et al. (36) and Hajibandeh et al. (38), specificity values were particularly high when algorithms were
constructed using solely hospitalization data (93-100%), at the expense of much lower sensitivity values
(7-18%). Of note, Gershon et al. (20) showed that the validity was increased when two or more ambulatory
medical visits or one hospitalization (or both criteria) were identified over a two-year period (sensitivity:
84%; specificity: 77%). Similarly, Vollmer et al. (30) reported that increasing the time frame of asthma
outpatient encounters to two years resulted in an enhanced capacity to capture prevalent asthma cases,
although they did not report any diagnostic accuracy measure for this operational definition. Another
strategy to enhance diagnostic accuracy was suggested by Blais et al. (12) who showed that the PPV
increased when the diagnosis was made by a pulmonologist. For example, for patients aged between 16-
44 years old, the PPV was found to be 75% for pulmonologists and 67% for family physicians when at least
one asthma diagnosis was recorded over a 1-year period. Additionally, Dore et al. (29) focused on the
identification of prevalent asthma cases and reported a PPV of 74% when at least one asthma diagnosis
was identified in the 6-month period prior to initiating a long-acting beta-2 agonist, although the PPV
decreased with age. Authors of this study also reported PPVs according to sex, although they did not

observe any statistically significant differences.

DISCUSSION

Overall, findings from this review suggest that healthcare administrative data are adequate to capture
asthma cases. Several high-quality studies were identified, although significant heterogeneity was
observed across studies in terms of patient characteristics, types of reference standards used, and
diagnostic accuracy measures reported. Definitions which included at least one diagnosis from health
service utilisation data over a one-year period were the most commonly reported algorithms and were
generally valid across different age groups. For this review, several strategies that can increase the validity
of the algorithms have emerged, including: 1) lengthening the time frame used to capture asthma cases;

2) requiring at least two asthma diagnoses; 3) including diagnoses recorded by a pulmonologist.
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A number of valid asthma algorithms have been reported in the literature, suggesting that
healthcare administrative databases can provide a vast arena to conduct population-based asthma
research. However, prior to embarking in an administrative database study and selecting the best case-
finding algorithm, researchers must assess the relative importance of sensitivity, specificity, PPV, and NPV,
and prioritize the accuracy measure that is most relevant to the research question (40). As a prime
example, it is desirable to select algorithms that have higher sensitivities for surveillance studies, since
this approach minimizes the number of missed cases (40, 41). Most studies in this review tested multiple
algorithms to identify the one which has the best trade-off between sensitivity and specificity. Generally,
lengthening the time frame to capture asthma cases or increasing the number of diagnoses increased the
specificity, at the cost of a lower sensitivity. Operational definitions based solely on hospitalization data
were not sensitive, albeit highly specific, since this approach tends to capture more moderate-to-severe
asthma patients. On the other hand, a significant number of studies chose the PPV as their main measure
of validity, which is important when identifying a cohort defined by disease status. High PPVs and NPVs
ensure that only persons who truly have the condition of interest are captured (40), and are desirable in
studies seeking to examine causal or association relationships. Studies which used a combination of
pharmacy claims data and healthcare utilization data generally had favourable PPV values.

Pharmacy claims data were incorporated in many of the algorithms identified in this review,
although many studies conducted in the US and in Canada did not use this approach. A reason for this
may be explained by the paucity of databases which comprehensively link all pharmacies to a central data
system in these countries. For example, several Canadian databases such as the Régie de I'assurance de
maladie du Québec only provide prescription medication data for the elderly, recipients of social
assistance, and individuals who do not have access to a private drug insurance program through their
employer. On the other hand, many US databases only cover commercially insured individuals (via private
insurance). Along the same lines, depending on the data sources and local organization and processes,
medications dispensed in the hospital setting (emergency department, inpatient wards, same-day surgery
clinics) are not always captured in administrative databases. Thus, diagnostic algorithms based on
pharmacy claims data may exclude certain segments of the population, which may in turn reduce their
generalizability and usefulness for population-based studies, including disease surveillance projects.
Additionally, pharmacy claims data typically include prescriptions dispensed in community pharmacies.
Therefore, prescriptions which were written by the physician but not filled by the patient will not be
captured. It is also possible that some epidemiologists who conducted these studies did not have access
to medication data, which are more commonly used by pharmacoepidemiologists. Although findings from
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this review suggest that algorithms using pharmacy claims data were generally valid, it is unclear which
asthma medications can optimize the diagnostic accuracy. It is also unclear to which extent pharmacy
claims data can enhance the capacity to capture asthma cases, since the validity of medication-based
algorithms were not drastically different from those which used exclusively diagnostic codes. Moreover,
the few studies that evaluated the change in validity of adding medications to healthcare utilization data
did not report important changes in the diagnostic accuracy measures (10, 22, 23, 29, 33, 36). Thus, further
research is warranted to explore the relevance of incorporating medication data into case-finding asthma
algorithms. We hypothesize that pharmacy claims data can be used to efficiently identify asthma patients
who have low rates of health services utilization or who appear to have a better level of disease control
or a milder form of the disease. Due to the step-care approach to asthma therapy (2), whereby treatments
are prescribed or adjusted based on a patient’s level of disease severity and control, it may be possible to
tailor algorithms to different levels of disease severity, although further studies are required to
substantiate this concept.

It was difficult to compare the validity of algorithms between pediatric and adult populations,
since only three studies stratified their validity statistics according to different age groups (12, 23, 29).
However, the disease progression bias may have affected several pediatric studies, since it has been
estimated that less than 50% of children with early-onset wheezing will go on to develop asthma during
adolescence (42). Not only it is not possible to routinely assess airflow limitation in this age group, episodic
respiratory symptoms such as wheezing, and cough are also common in children without asthma (2). This
difficulty in making confident diagnosis of asthma in children 5 years and younger further highlights the
necessity to ensure that the time gap between the index and reference test is as small as possible.

Broadly speaking, it is easier to assess the clinical usefulness of algorithms in studies in which
authors report disease prevalence, as well as multiple measures of diagnostic accuracy (sensitivity,
specificity, and predictive values) for several different algorithms (43), and across various age groups.
However, few studies in this review delved into this level of detail due to methodological constraints.
Some studies also failed to provide sufficient details on patient selection procedures and choice of
reference standards, thus limiting our capacity to comprehensively evaluate their usefulness. Although
several studies were methodologically sound, the majority of studies used medical chart review as the
reference standard for the asthma diagnosis. However, such an approach is not optimal, as getting a
definitive diagnosis of asthma would require pulmonary function tests in addition to symptom assessment
—information that is not consistently recorded in medical charts (12). In addition, a recent study by Aaron
et al. (44) found that a diagnosis of asthma could not be established in 33% of adults with physician-
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diagnosed asthma, following a medical assessment consisting of home peak flow and symptom
monitoring, spirometry, and serial bronchial challenge tests. Hence, absence of an asthma diagnosis in
the medical chart does not automatically imply that a patient does not have asthma, and vice-versa. The
majority of studies acknowledged this limitation but explained that this methodological choice was made
due to feasibility and practical reasons. Yet, when an appropriate reference standard is selected and
patients are randomly sampled from the general population, the disease prevalence approximates the
population prevalence and provides unbiased estimates of sensitivity, specificity, PPV, and NPV (43). This
approach, though ideal, may not always be feasible in all research settings.

All in all, this review demonstrated that the validity of healthcare administrative data for asthma
research is adequate, since misclassification of clinical information appears to be minimal. Because
administrative claims data are generated primarily for reimbursement purposes, data on health service
use and charges are relatively complete for services covered by the health plan of the database (45).
Nevertheless, in systems which do not cover universal coverage, healthcare delivery system coverage for
an individual can change over time; thus, the possibility for extended longitudinal analyses may be
compromised. This limitation highlights the necessity to ensure that the time frame to capture asthma
cases is not too long—we recommend that it should preferably not exceed two years. Further, the
incorporation of EHR data may be beneficial, since they contain a wealth of clinical information, such as
reason for medication prescription, laboratory tests results, and patient vitals. However, issues related to
data completeness, coupled with their lack of interoperability across health systems, add another layer of
complexity for conducting longitudinal studies using EHR data, especially if an individual seeks care from
more than one provider (45). In theory, linkage of EHRs and administrative claims may drive the
development of better performing asthma case-finding algorithms and merits further investigation;
however, such an endeavor may be complex and resource intensive.

The results presented in this review should be interpreted in the light of some limitations. Namely,
articles whose full texts were not available in English or French were excluded, which may have introduced
a language bias. There was also a possibility of missing articles that were not indexed in the bibliographic
databases under terms related to administrative data or validation. Nonetheless, our rigorous systematic
research methods combined with the grey literature search, ensured that our search strategy was
optimized. Furthermore, potential limitations concerning the data extraction procedure remain. ldeally,
two reviewers should have each conducted the data extraction independently. Yet in this review, one
reviewer extracted the relevant information, whereas a second reviewer validated the extracted
information by the first reviewer and disagreements were resolved by consensus or by a third reviewer.
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This methodological approach, though not optimal, was chosen to ensure the timeliness of data collection.
In an effort to maximize the accuracy of collected data, several quality control checks were conducted by
a third reviewer. Finally, publication bias cannot be ruled out, whereby asthma diagnostic algorithms with

poor validity may have been withheld from publication.

CONCLUSIONS

Healthcare administrative databases appear to adequately identify asthma patients. Algorithms that
included at least one diagnostic code for asthma or that required a diagnosis by a respiratory physician
appeared to be highly valid. Further research is required to confirm if algorithms based on both asthma
diagnoses and asthma medications can result in a more enhanced validity. The relevance and choice of a
specific algorithm should not be made arbitrarily, but rather be based on the research question and

availability of data elements in the administrative database of interest.
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583 records excluded after reading abstract:
Full-text not available or article was not an original research paper (n=72)
At least one eligibility criteria was not respected (n=511)

A4

48 articles excluded after reading full-text:
Did not include an asthma case definition algorithm or included an
algorithm combining asthma with other chronic conditions (n=17)
Did not use a reference standard to validate the algorithms or the
reference standard consisted of the same administrative data that was used
to construct the algorithms (n=21)
Algorithms were not developed with administrative data (n=2)
Did not report key measures of diagnostic accuracy (n=3)
Developed a predictive model to identify asthma patients (n=3)
Conducted a scoping review or a systematic review of articles that did not
meet the eligibility criteria (n=2)

Figure 1. PRISMA-style flow chart of study selection and review

20 studies included in the systematic
review
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Table 1. Study characteristics (n=20)

Authors, year, Primary Sample characteristics (validation Healthcare Administrative data source  Administrative data type Reference
Country validation sample size), study period standard
study?
Andrade et al., 2013 (32) No Women delivering a live born infant The Medication Exposure in Pregnancy ~ Ambulatory medical visits Chart
United States (n=133) Risk Evaluation Program database ED visits review
2001-2007 Hospitalizations
Pharmacy claims
Bechtold et al., 2012 (34) Yes Pediatric/adolescent population Italian Public Health Service Database Pharmacy claims Self-report
Italy 6-7y (n=7,014) (parent)
13y (n=3,232)
2000-2003
Biffi et al., 2017 (33) No Pediatric and adult populations Lombardy Healthcare Utilization Hospitalizations Chart
Italy 0-39 y (validation n unclear) databases Pharmacy claims review
2010
Bianchi et al., 2011 (35) Yes Pediatric/adolescent population Lombardy National Health Service Pharmacy claims Chart
Italy 6-17 y (n=244) database review
2008
Blais et al., 2006 (12) Yes Adolescent and adult populations Régie de I'assurance maladie du Québec  Ambulatory medical visits Chart
Canada 16-44 y (n=359) (Medical Services database) review
45-80y (n=367)
2000-2002
Bronstein et al., 2000 (27) Yes Pediatric/adolescent population Medicaid claims database Ambulatory medical visits Chart
United States 2-13 y (n=98) Medical procedures review
1994-1995
Dombkowski et al. 2012 (28) Yes Pediatric/adolescent population Medicaid database and Children’s ED visits Self-report
United States 2-18 y (n=440) Special Health Care Services database Ambulatory medical visits (parent)
2005-2006 Hospitalizations
Pharmacy claims
Medical procedures
Dore et al., 2014 (29) No Adult population Normative Health Information Ambulatory medical visits Chart
United States >20y, LABA and LABA/ICS initiators Database, a claims database of a large Hospitalizations review
or switchers (n=370) US commercial health plan
2005-2008 (UnitedHealth Care).
Gershon et al., 2009 (20) Yes Adult population Ontario Health Insurance Plan database = Ambulatory medical visits Chart
Canada 19-80y (n=518) Hospitalizations review
2003
Hajibandeh et al., 2017 (38) No Adult population Hospital Episodes Statistics (HES) Hospitalizations Chart
United Kingdom > 18 y who underwent any types of review

colectomy (n=267)
2015-2016
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Authors, year, Primary Sample characteristics (validation Healthcare Administrative data source  Administrative data type Reference
Country validation sample size), study period standard
study?
Huzel et al., 2002 (21) Yes Adult population The Manitoba Population Health Ambulatory medical visits Self-report
Canada 20-44 y (n=2,479) Research Repository
1993-1994
Kozyrskyj et al. (2009)(22) No Pediatric population Manitoba’s Healthcare databases Ambulatory medical visits Clinical test
Canada 7-8y (n=723) Hospitalizations
2002-2005 Pharmacy claims
Lix et al., 2006 (23) No Adolescent/adult populations Population Health Research Data Ambulatory medical visits Self-report
Canada 12-18 y (n=833) Repository housed at the Manitoba Hospitalizations
>19y (n=5,589) Centre for Health Policy Pharmacy claims
2000-2001
Lujic et al., 2017 (36) No Adult population with multimorbidity  -New South Wales admitted patient Hospitalizations Self-report
Australia 245y (n=11,384) data collection Pharmacy claims
2007-2009 -Pharmaceutical Benefits Scheme
Moth et al., 2007 (37) Yes Pediatric population The regional Health Service Register Pharmacy claims Chart
Denmark 6-14 y (n=6,352) and the Odense review
2000-2003 Pharmacoepidemiologic Database
Omand et al., 2019 (25) Yes Pediatric population Canadian Institute for Health Ambulatory medical visits Self-report
Canada 1-5y (n=3,642) Information, Discharge Abstract Hospitalizations (parent)
2008-2013 Database, Ontario Health Insurance
Plan
To et al., 2006 (24) Yes Pediatric/adolescent populations Ontario Health Insurance Plan database = Ambulatory medical visits Chart
Canada 0-18 y (n=630) review
2000-2001
Vollmer et al., 2004 (30) Yes Adolescent/adult populations Kaiser Permanente Northwest Division ED visits Chart
United States 15-55y (n=132) databases Ambulatory medical visits review
1999 Hospitalizations
Pharmacy claims
Wakefield et al., 2006 (31) Yes Pediatric population Medicaid and ConnectiCare databases ED visits Self-report
United States 6 months-18 'y Ambulatory medical visits (parent)
Medicaid:1998-2001 (n=3,905) Hospitalizations
ConnectiCare: 2001-2004 (n=1,458) Pharmacy claims
Wilchesky et al., 2004 (26) No Geriatric population Régie de I'assurance maladie du Québec  Ambulatory medical visits Chart
Canada 266y (n=1,099) (Medical Services database) review

1995-1996

Abbreviations: ED: Emergency department; ICS: Inhaled corticosteroids; LABA: Long-acting beta2-agonists; n: number, y: years old.
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Table 2. Chart review or clinical test as reference-standard (n=13)

Author, year Algorithm case definitions* Se Sp PPV NPV
(95% CI)*™ (95% CI)*™ (95% CI)*™* (95% CI)™
Andrade et al., 2013 (=2 ambulatory medical visits at least 30 days apart) OR (=1 hospitalization) OR (>1 ambulatory - - 95 (91-99) -
(32) medical visit and 21 pharmacy claim) over 1 year prior to pregnancy through the date of delivery.
Medications: SABA, LABA, ICS, LTRA, mast cell stabilizer, methylxanthine
Biffi et al., 2017 (33) <40y and 21 of the following criteria, over 1 year: 39 (-) - - -
Benefitted of exemption for asthma; =1 hospitalization; 22 pharmacy claims of any of the following
drugs: LTRA, chromones; 22 pharmacy claims of any of the following drugs: SABA, LABA/ICS fixed
combinations (only 0-19 y); 22 pharmacy claims of ICS AND 21 pharmacy claim of SABA; 22 pharmacy
claims of ICS in addition to 22 pharmacy claims of ipratropium, oxitropium or theophylline (only 0-19
y); 21 pharmacy claim of antibiotics (ATC: J01; only 20-39 y);
AND
21 of the following criteria:
>2 pharmacy claims of theophylline and =2 pharmacy claims of any of the following drugs: beta-
agonist, ipratropium, oxitropium, ICS; >2 pharmacy claims of SABA or LABA/ICS fixed combinations; >
2 pharmacy claims of ICS AND >2 pharmacy claims of ipratropium or oxitropium
<40y and 21 of the following criteria, over 1 year: 63 (-) - - -
>1 pharmacy claim of one of the following drugs: SABA, LABA, LABA/ICS, ICS, chromones, LAAC,
theophylline; 21 pharmacy claim of LTRA and 21 pharmacy claim of any other respiratory drug; 21
pharmacy claim of OCS and =1 pharmacy claim for any respiratory drug
<40y and 21 of the following criteria, over 1 year: 31() - - -
>2 pharmacy claims of one of the following drugs: SABA, LABA, LABA/ICS, ICS, chromones, LAAC,
theophylline; 22 pharmacy claims of LTRA and 22 pharmacy claims of any other drug for chronic
respiratory diseases; 22 pharmacy claims of OCS and >2 pharmacy claims of any other respiratory
drug
Bianchi et al., 2011 6-17y, 21 pharmacy claim of one of the following drugs: SABA, non-SABA, or OCS over 1 year 90 (-) 98 (-) 32 () 10(-)
(35)
Blais et al., 2006 >1 ambulatory medical visit over 1 year:
(12) 16-44 y, seen by a family physician - - 67 (58-75) 99 (97-100)
16-44 y, seen by a pulmonologist 97 (94-100) 85 (78-94) 75 (68-85) 96 (92-100)
45-80y, seen by a family physician - - 60 (50-70) 100 (96-100)
45-80y, seen by a pulmonologist 94 (92-96) 65 (56-75) 78 (69-87) 93 (87-98)
>2 ambulatory medical visits over 1 year:
16-44 y, seen by a family physician - - 78 (65-90) -
16-44 y, seen by a pulmonologist 87 (80-94) 94 (89-99) 77 (64-90) -
45-80y, seen by a family physician - - 68 (56-80) -
45-80y, seen by a pulmonologist 84 (77-91) 83 (75-90) 87 (78-96) -
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Author, year Algorithm case definitions* Se Sp PPV NPV
(95% CI)*™* (95% CI)*™ (95% CI)*™* (95% CI)™

Bronstein et al., 2-13 y, 21 ambulatory medical visit over 1 year - - 88 (-) 85 (-)

2000 (27) 2-13 y, 21 medical procedure corresponding to a nebulizer treatment over 1 year 88 (-) 97 (-)

Dore et al., 2014 >1 hospitalization or 21 ambulatory medical visit, 6 months before initiating a LABA:

(29) All population - - 74 (63-82) -
20-39y - - 79 (58-93) -
40-64y - - 73 (60-83) -
265y - - 60 (15-95) -

Men only - - 74 (56-87) -
Women only - - 74 (60-85) -

Gershon et al., 2009 19-80y, 21 ambulatory medical visit OR 21 hospitalization over unspecified period (or both criteria):

(20) Against expert panel dx 95 (90-98) 59 (54-64) 51 (45-57) 96 (93-98)
Against practitioner chart dx 92 (88-96) 64 (58-68) 61 (55-66) 93 (89-96)
19-80y, 22 ambulatory medical visits OR 21 hospitalization over 2 years (or both criteria):

Against expert panel dx 84 (77-89) 77 (72-81) 62 (54-68) 91 (88-94)
Against practitioner chart dx 81 (74-86) 82 (77-86) 73 (66-78) 87 (83-91)
19-80 y, =2 ambulatory medical visits OR 21 hospitalization over 3 years (or both criteria):

Against expert panel dx 85 (79-90) 75 (70-79) 60 (54-67) 92 (88-95)
Against practitioner chart dx 82 (76-87) 79 (75-84) 71 (65-77) 88 (83-91)
19-80y, 23 ambulatory medical visits OR 21 hospitalization over 2 years (or both criteria):

Ref. standard: expert panel dx 74 (67-81) 87 (83-90) 72 (64-78) 88 (85-92)
Ref. standard: practitioner chart dx 68 (61-74) 90 (86-93) 80 (73-86) 82 (78-86)
19-80 y 23 ambulatory medical visits OR 21 hospitalization over 3 years (or both criteria):

Ref. standard: expert panel dx 76 (68-82) 85 (81-88) 69 (61-76) 89 (85-92)
Ref. standard: practitioner chart dx 70 (64-77) 88 (84-92) 78 (72-84) 83 (79-87)

Hajibandeh et al., >18y, 21 hospitalization over unspecified period 18 (-) 100 (-) 100 (-) 81(-)

2017 (38)

Kozyrskyj et al., 7-8y, 21 hospitalization OR 22 ambulatory medical visits OR 24 pharmacy claims over 1 year 47 (35-60) 92 (78-98) 91 (76-98) -

2009 (22) 7-8y, 21 hospitalization OR =2 ambulatory medical visits OR =2 pharmacy claims over 1 year 67 (54-78) 92 (78-98) 94 (82-99) -

7-8 y, 21 hospitalization OR 21 ambulatory medical visit OR 2 pharmacy claims over 1 year 77 (65-78) 92 (78-98) 94 (82-99) -
7-8y, 21 hospitalization OR 21 ambulatory medical visit OR 22 bronchodilators OR 21 controller

medication over 1 year 80 (69-89) 89 (74-97) 93 (83-98) -
7-8y, 2 1 hospitalization OR 21 ambulatory medical visit OR 22 bronchodilators OR (1 82 (70-90) 83 (67-94) 90 (79-96) -
bronchodilator and ketotifen or oral steroid) OR 21 controller medication over 1 year

Moth et al., 6-14 y, 21 pharmacy claim, excluding beta2-agonists in liquid form, over 1 year 96 (95-96) 43 (41-45) - -

2007(37) 6-14 y, 21 pharmacy claim, excluding beta2-agonists in liquid form or if an inhaled beta2-agonist was 83 (81-84) 73 (71-75) - -
filled only once, over 1 year
6-14 y, 21 pharmacy claim, excluding beta2-agonists in liquid form or if an inhaled beta2=agonist or 63 (62-65) 86 (84-87) - -

ICS was filled only once, over 1 year
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Author, year Algorithm case definitions* Se Sp PPV NPV
(95% CI)*™ (95% CI)*™ (95% CI)*™ (95% CI)™
6-14 y, 21 pharmacy claim, excluding beta2-agonists in liquid form or if an inhaled beta2-agonist or 78 (76-79) 81 (79-83) - -
an ICS was filled only once, over a 6-month capture period and a 1-year observation window"
6-14 y, 21 pharmacy claim, excluding beta2-agonists in liquid form or if an inhaled beta2-agonist or 59 (58-60) 87 (85-88) - -
an ICS was filled only once, over a 1-year capture period and a 6-month observation window"
6-14 y, 21 pharmacy claim, excluding beta2-agonists in liquid form or if an inhaled beta2-agonist or 70 (69-71) 83 (81-85) - -
an ICS was filled only once, over a 9-month capture period and observation window"
To et al., 2006 (24) 0-18 y, 1 ambulatory medical visit 91 (-) 83 (-) - -
Vollmer et al., 2004  Medication 15-55y, (22 ambulatory medical visits) OR (1 ambulatory medical visit and 22 - - 95 (-) -
(30) dispensing criteria ED visit or hospitalizations) OR (any industrial medicine visit) OR (any visit and
either one of two medication dispensing criteria) in the past year
1) (21 dispensing of ~ 15-55y, 1 ambulatory medical visit in the past year - - 90 (-) -
either an ICS or of 15-55y, >4 beta-agonists with or without a nebulizer treatment order, butno - - 70 (-) -
cromolyn AND >1 asthma visits and no ICS in the past year
dispensing of beta-  15.55y, 1 ED visit for asthma and nebulizer treatment order, but no other - - 100 (-) -
agonist inhaler); asthma medication dispensing criteria met and no other types of asthma visits
2) 24 dispensings of  in the past year
beta-agonist 15-55y, 1 hospitalization, but neither medication dispensing criterion met - - 50 (-) -
inhalers; and no ambulatory visits of any kind in the past year
3) 21 order for 15-55y, 1 ED visit or urgent care visit, but no other types of asthma visits and - - 80 (-) -
f'\ebulizer treétment no medication dispensing criteria met in the past year
n the outpatient 15-55y, 1 nebulizer treatment but no asthma visits of any kind and no other - - 27 (-) -
setting. medication dispensing criteria in the past year
Wilchesky et al., >66 y, 1 ambulatory medical visit in the year prior the start of the MOXXI study:
2004 (26) Ref. standard: dx recorded by MOXXI physicians only (primary care physicians) 30 (27-33) 99 (99-99) - -
Ref standard: dx recorded by all billing physicians 43 (40-46) 97 (97-97) - -

Abbreviations: ED: Emergency department; ICS: Inhaled corticosteroids; LAAC: Long-acting anticholinergics; LABA: Long-acting beta2-agonists; LTRA: Leukotriene receptor antagonists; SABA: Short-

acting beta2-agonists; y: years old.
*Ambulatory medical visits, ED visits and hospitalizations refer to medical encounters that have an asthma diagnosis.
**When applicable, validity statistics were rounded to the nearest integer.

"Capture period: period in which children were identified by their first prescription of anti-asthmatic medication succeeded by an observation period in which the children’s subsequent prescriptions

were registered.
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Table 3. Self-report as reference standard (n=7)

. . Se Sp PPV NPV
Author, year Algorithm case definitions (95% CI)’ (95% CI)’ (95% CI)* (95% CI)*
Bechtold et al., 2012  >1 pharmacy claim of an inhaled bronchodilator (LABA, SABA) over 1 year:
(34) Ref. standard: wheezing symptoms in past year; Age groups 6-7y & 13y 32 (31-33) 98 (98-98) - -
Ref. standard: wheezing symptoms in past year; Age group 6-7 y 34 (32-35) 98 (97-98) - -
Ref. standard: wheezing symptoms in past year; Age group 13y 28 (26-29) 99 (98-99) - -
>1 pharmacy claim of an inhaled bronchodilator (LABA, SABA) over 2 years:
Ref. standard: wheezing symptoms in past year; Age groups 6-7y & 13y 56 (54-56) 94 (93-94) - -
Ref. standard: wheezing symptoms in past year; Age group 6-7 y 61 (60-62) 92 (92-93) - -
Ref. standard: wheezing symptoms in past year; Age group 13y 44 (42-45) 97 (96-97) - -
>1 pharmacy claim of an inhaled bronchodilator (LABA, SABA) over 4 years:
Ref. standard: wheezing symptoms in past year; Age groups 6-7y & 13y 70 (69-71) 83 (83-84) - -
Ref. standard: wheezing symptoms in past year; Age group 6-7 y 76 (75-77) 79 (78-80) - -
Ref. standard: wheezing symptoms in past year; Age group 13y 57 (56-59) 93 (92-94) - -
>1 pharmacy claim of an inhaled bronchodilator (LABA, SABA) over 4 years:
Ref. standard: physician diagnosis of asthma; Age groups 6-7y & 13y 61 (60-62) 84 (84-85) - -
Ref. standard: physician diagnosis of asthma; Age group 6-7 y 68 (67-69) 80 (79-81) - -
Ref. standard: physician diagnosis of asthma Age group 13 y 50 (48-51) 94 (94-95) - -
Dombkowski et al., Children with asthma dx (2-18 y): - - 89 (-) -
2012 (28) >1 pharmacy claim AND 21 any other combination of health services utilization over
2 years
>6 SABA/year AND 21 any other combination of health services health utilization - - 93 (-) -
over 2 years
>1 hospitalization OR 21 ED visit AND 21 any other combination of services - - 100 (-) -
utilization over 2 years
>1 hospitalization OR 21 ED visit for asthma only over 2 years - - 73 (-) -
>1 ambulatory medical visit AND 21 any other combination of services utilization - - 65 (-)
over 2 years - -
>1 ambulatory medical visit over 2 years - - 69 (-) -
>1 procedure or durable medical equipment claim AND 21 any other combination of - - 71(-) -
health services utilization over 2 years
>1 procedure or durable medical equipment claim over 2 years - - 67 (-) -
Huzel et al., 2002 20-44 y, 21 ambulatory medical visit over 1 year before the survey:
(21) Ref. standard: Asthma attack 38 (-) 98 (-) - -
Ref. standard: Asthma medication 41 (-) 99 (-) - -
Ref. standard: Attack or medication 38 (-) 99 (-) - -
Ref. standard: Attack and medication 43 (-) 98 (-) - -
Ref. standard: Attack, medication or symptoms 8(-) 100 (-) - -
20-44 y, 21 ambulatory medical visit over 2 years before the survey:
Ref. standard: Asthma attack 51 (-) 98 (-) - -
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Author, year Algorithm case definitions (SgeS% ay’ (SgpS% ay’ F9P5\{% ay’ ;\;F;\;) ay’
Ref. standard: Asthma medication 54 (-) 98 (-) - -
Ref. standard: Attack or medication 50 (-) 99 (-) - -
Ref. standard: Attack and medication 57 (-) 98 (-) - -
Ref. standard: Attack, medication or symptoms 10 (-) 100 (-) - -
20-44 y, 21 ambulatory medical visit over 5 years before the survey:
Ref. standard: Asthma attack 63 (-) 97 (-) - -
Ref. standard: Asthma medication 65 (-) 97 (-) - -
Ref. standard: Attack or medication 61 (-) 98 (-) - -
Ref. standard: Attack and medication 70 (-) 96 (-) - -
Ref. standard: Attack, medication or symptoms 14 (-) 99 (-) - -

Lix et al., 2006 (23) >1 ambulatory medical visit over 1 year:
212y 31(27-35) 99 (99-99) 70 (64-76) 94 (94-95)
12-18y 30(21-38)  98(97-99) 70(57-83) 90 (88-92)
19-49y 30(24-36) 99 (99-99) 72 (63-81) 95 (94-95)
>50y 33 (26-39) 99 (98-99) 69 (59-79) 95 (94-96)
>2 ambulatory medical visits over 1 year:
12y 18 (15-21) 100 (99-100) 77 (70-85) 93 (93-94)
12-18y 16 (9-23) 99 (99-100) 82(66-98) 89 (86-91)
19-49y 17 (12-22) 100 (99-100) 74 (62-86) 94 (93-95)
>50y 21 (15-26) 100 (99-100) 80 (68-91) 94 (93-95)
21 pharmacy claim over 1 year:
>12+y 55(51-60) 96 (95-96) 55(50-59) 96 (96-97)
12-18y 43 (34-53) 97 (96-98) 71(60-81) 92 (90-94)
19-49y 50 (44-57) 98 (97-98) 62 (55-69) 96 (95-97)
>50y 69 (62-76) 94 (93-95) 46 (40-52) 97 (97-98)
21 hospitalization OR 21 ambulatory medical visit over 1 year:
212y 31(27-35) 99 (99-99) 70 (65-76) 94 (94-95)
12-18y 30(21-38)  98(97-99) 70 (57-83) 90 (88-92)
19-49y 30 (24-36) 99 (99-99) 72 (63-81) 95 (94-95)
>50y 34 (27-40) 99 (98-99) 69 (59-78) 95 (94-96)
>1 hospitalization OR >2 ambulatory medical visits over 1 year:
212y 19 (16-22)  100(99-100)  78(70-85) 93 (93-94)
12-18y 16 (9-23) 99 (99-100) 82(66-98) 89 (86-91)
19-49y 18 (13-23) 100 (99-100) 75 (63-86) 94 (93-95)
250y 22 (16-27) 100 (99-100) 79 (68-90) 94 (93-95)
21 hospitalization OR 21 ambulatory medical visit OR 21 pharmacy claim over 1 year:
212y
12-18y 58 (54-63) 96 (95-96) 54 (50-58) 96 (96-97)
19-49y 49 (39-58) 97 (96-98) 70 (60-80) 93 (91-94)
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Author, year Algorithm case definitions (SgeS% ay’ (SgpS% ay’ F9P5\{% ay’ ;\;F;\;) ay’
>50y 54 (47-60) 97 (97-98) 60 (53-67) 96 (96-97)
70 (64-77) 93 (92-94) 45 (39-51) 98 (97-98)
>1 hospitalization OR 22 ambulatory medical visits OR 22 pharmacy claims over 1
year:
>12y 47 (43-51) 98 (97-98) 64 (60-69) 95 (95-96)
12-18y 33 (25-42) 99 (98-100) 79 (67-90) 91 (89-93)
19-49y 42 (35-48) 99 (99-99) 78 (71-85) 95 (95-96)
>50 y 61(54-68) 96 (95-97) 54 (47-60) 97 (96-98)
>1 ambulatory medical visit over 2 years:
212y 44 (40-48) 98 (98-98) 66 (61-71) 95 (95-96)
12-18y 46 (37-55) 97 (95-98) 67 (57-78) 92 (90-94)
19-49y 43 (36-49) 99 (98-99) 69 (62-77) 95 (95-96)
>50 y 44 (37-51) 98 (97-98) 62 (54-70) 96 (95-97)
>2 ambulatory medical visits over 2 years:
212y 30 (26-34) 99 (99-99) 74 (68-80) 94 (93-95)
12-18y 33 (25-42) 99 (98-100) 84 (73-95) 91 (89-93)
19-49y 29 (23-35) 99 (99-100) 73 (64-83) 94 (94-95)
>50 y 30(23-36) 99 (99-99) 70 (60-80) 95 (94-96)
>1 pharmacy claim over 2 years:
212y 70 (66-74) 94 (93-94) 50 (46-54) 97 (97-98)
12-18y 68 (59-76) 95 (94-97) 69 (61-78) 95 (94-97)
19-49 y 65(59-72) 96 (95-97) 56 (50-62) 97 (97-98)
>50 y 76 (70-82) 91 (90-92) 40 (35-45) 98 (97-99)
>1 hospitalization OR 21 ambulatory medical visit over 2 years:
212y 45 (41-49) 98 (98-98) 66 (61-71) 95 (95-96)
12-18y 46 (37-55) 97 (95-98) 67 (57-78) 92 (90-94)
19-49y 43 (37-49) 98 (98-99) 69 (61-77) 96 (95-96)
>50y 46 (39-53) 98 (97-98) 63(55-71) 96 (95-97)
>1 hospitalization OR 22 ambulatory medical visits over 2 years:
212y 31(27-35) 99 (99-99) 74 (69-80) 94 (94-95)
12-18y 33 (25-42) 99 (98-100) 84 (73-95) 91 (89-93)
19-49y 30(24-36) 99 (99-100) 73 (64-82) 95 (94-95)
>50y 32(25-38) 99 (99-99) 71(61-80) 95 (94-96)
>1 hospitalization OR 21 ambulatory medical visit OR 21 pharmacy claim over 2
years:
212y 73 (69-76) 93 (92-94) 48 (45-52) 97 (97-98)
12-18y 69 (61-78) 95 (93-96) 66 (57-74) 95 (94-97)
19-49y 70 (64-76) 95 (94-96) 54 (48-59) 98 (97-98)
250y 77 (71-83) 90 (89-92) 39 (33-44) 98 (98-99)
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Author, year Algorithm case definitions (SgeS% ay’ (SgpS% ay’ F9P5\{% ay’ ;\;F;\;) ay’
>1 hospitalization OR 22 ambulatory medical visits OR 22 pharmacy claims over 2
years:
212y 58 (53-62) 97 (96-97) 61(57-65) 96 (96-97)
12-18y 49 (39-58) 98 (97-99) 81(71-90) 93 (91-94)
219-49y 54 (47-60) 98 (98-99) 73 (66-79) 96 (96-97)
>50y 67 (61-74) 94 (93-95) 48 (42-54) 97 (97-98)
21 ambulatory medical visit over 3 years:
212y 53(49-57) 97 (97-97) 61(56-65) 96 (95-96)
12-18y 62 (53-71) 95 (94-97) 66 (57-75) 94 (93-96)
19-49y 49 (42-55) 98 (97-98) 62 (55-69) 96 (95-97)
>50y 53 (46-60) 97 (96-97) 56 (49-64) 96 (96-97)
>2 ambulatory medical visits over 3 years:
>12y 38 (34-42) 99 (98-99) 71(66-77) 95 (94-95)
12-18y 48 (39-57) 98 (97-99) 82(72-91) 93 (91-94)
19-49y 34 (28-40) 99 (99-99) 71 (62-79) 95 (94-96)
>50y 36 (29-43) 99 (98-99) 65 (56-74) 95 (94-96)
21 pharmacy claim over 3 years:
212y 75(71-78) 92 (92-93) 47 (43-50) 98 (97-98)
12-18y 77 (69-85) 94 (92-96) 66 (58-74) 96 (95-98)
19-49y 70 (64-76) 94 (94-95) 51 (45-56) 98 (97-98)
>50y 79 (73-85) 89 (88-91) 37 (32-42) 98 (98-99)
>1 hospitalization OR 21 ambulatory medical visit over 3 years:
212y 54 (49-58) 97 (96-97) 61(56-65) 96 (95-96)
12-18y 62 (53-71) 95 (94-97) 66 (57-75) 94 (93-96)
19-49y 49 (43-56) 98 (97-98) 62 (55-69) 96 (95-97)
>50y 54 (47-61) 97 (96-97) 57 (49-64) 96 (96-97)
> 1 hospitalization OR 22 ambulatory medical visits over 3 years:
>12y 38 (34-43) 99 (98-99) 71(66-76) 95 (94-95)
12-18y 48 (39-57) 98 (97-99) 82 (72-91) 92 (91-94)
19-49y 35 (29-41) 99 (98-99) 71 (62-79) 95 (94-96)
>50y 37 (31-44) 98 (98-99) 65 (56-74) 95 (94-96)
>1 hospitalization OR =1 ambulatory medical visit OR =1 pharmacy claim over 3
years:
212y 78 (74-81) 91 (91-92) 44 (41-47) 98 (98-98)
12-18y 78 (71-86) 92 (90-94) 61 (53-69) 97 (95-98)
19-49y 75 (69-80) 93 (92-94) 48 (43-53) 98 (97-98)
250y 81(76-87) 88 (87-90) 36 (31-40) 98 (98-99)

>1 hospitalization OR 22 ambulatory medical visits OR 22 pharmacy claims over 3
years:
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Author, year Algorithm case definitions (SgeS% ay’ (SgpS% ay’ F9P5\{% ay’ ;\;F;\;) ay’
212y 66 (62-70) 96 (95-96) 58 (54-62) 97 (97-97)
12-18y 69 (61-78) 97 (96-98) 77 (69-85) 95 (94-97)
19-49y 60 (54-66) 98 (97-98) 68 (61-74) 97 (96-97)
>50y 72 (65-78) 93 (92-94) 45(39-51) 98 (97-98)
>1 ambulatory medical visit over 5 years:
212y 64 (59-68) 95 (95-96) 55 (51-59) 97 (96-97)
12-18y 75 (67-83) 92 (90-94) 59 (51-67) 96 (95-97)
19-49y 61(54-67) 96 (95-97) 55(49-61) 97 (96-97)
>50y 61(54-68) 96 (95-97) 53 (46-59) 97 (96-98)
>2 ambulatory medical visits over 5 years:
212y 50 (46-55) 98 (97-98) 66 (62-71) 96 (95-96)
12-18y 60 (51-70) 97 (95-98) 74 (65-83) 94 (92-96)
19-49y 50 (44-57) 98 (97-98) 65(58-72) 96 (95-97)
>50y 44 (37-51) 98 (97-99) 63 (55-71) 96 (95-97)
>1 pharmacy claim over 5 years:
212y 82 (78-84) 90 (89-91) 43 (40-46) 98 (98-99)
12-18y 87 (80-93) 91 (89-93) 59 (51-66) 98 (97-99)
19-49y 78 (73-83) 92 (91-93) 45 (40-50) 98 (98-99)
>50y 83(77-88) 88 (86-89) 35(30-39) 98 (98-99)
>1 hospitalization OR 21 ambulatory medical visit over 5 years:
212y 64 (60-68) 95 (95-96) 55 (51-59) 97 (96-97)
12-18y 75(67-83) 92 (90-94) 59 (51-67) 96 (95-97)
19-49y 61(54-67) 96 (95-97) 55(48-61) 97 (96-97)
>50y 61(54-68) 96 (95-97) 53 (46-59) 97 (96-98)
>1 hospitalization OR =2 ambulatory medical visits over 5 years:
212y 51 (46-55) 98 (97-98) 66 (61-70) 96 (95-96)
12-18y 60 (51-70) 97 (95-98) 74 (65-83) 94 (92-96)
19-49y 50 (44-57) 98 (97-98) 65 (58-72) 96 (95-97)
>50y 45 (38-52) 98 (97-98) 62 (54-70) 96 (95-97)
>1 hospitalization OR > ambulatory medical visit OR 21 pharmacy claim over 5 years:
212y
12-18y 84 (81-87) 89 (88-89) 40 (37-43) 98 (98-99)
19-49y 87(81-94) 89 (86-91) 54 (47-61) 98 (97-99)
>50y 82 (77-87) 91 (89-92) 41 (37-46) 98 (98-99)

85 (80-90) 86 (85-88) 33 (29-38) 99 (98-99)
21 hospitalization OR 22 ambulatory medical visits OR 22 pharmacy claims over 5
years:
>12y 75(72-79) 94 (94-95) 54 (50-57) 98 (97-98)
12-18y 80 (73-88) 95 (93-96) 70 (62-78) 97 (96-98)

165



. . Se Sp PPV NPV
Author, year Algorithm case definitions (95% CI)’ (95% CI)’ (95% CI)* (95% CI)*
19-49y 71 (65-77) 96 (95-97) 59 (53-55) 98 (97-98)
>50y 78 (72-84) 92 (91-93) 43 (38-49) 98 (98-99)
Lujicet al., 2017 (36) 245y, 21 hospitalization over 2 years 7 (6-8) 100 (100-100) 81 (77-84) 87 (87- 87)
245y, >2 pharmacy claims over 2 years 65 (65-66) 93 (93-93) 57 (57-58) 95 (95-95)
245y, 21 hospitalization over 2 years OR 22 pharmacy claims over 2 years 66 (65-67) 93 (93-93) 57 (57-58) 95 (95-95)
Omand et al., 2019 >1 hospitalization for asthma OR > two separate ambulatory or
(25) ED visits over 2 years:
1-5y 81(75-86) 90 (89-91) 34 (30-38) 99 (98-99)
13y 68 (49-83)  91(89-92) 16 (10-23) 99 (98-100)
3-5y 83(77-88) 89 (88-90) 41(36-46)  98(98-99)
Wakefield et al., Probable >1 hospitalization with a primary discharge dx OR 21 ED visit OR
2006 (31) asthma™: >1 ambulatory medical visit, over 1 year*:
6 months-18'y -Medicaid children 61 (59-64) 98 (98-99) 97 (96-98) 74 (72-75)
(21 hospitalization or 21 ED visit or 21 ambulatory medical visit)
OR (22 pharmacy claims), over 1 year:
-Medicaid children 77 (75-79) 98 (97-98) 97 (96-98) 82 (81-84)
(21 hospitalization or 21 ED visit or 21 ambulatory medical visit)
OR (21 pharmacy claim), over 1 year:
-Medicaid children 90(89-92) 95 (94-96) 94(93-95) 92 (90-93)
-ConnectiCare children 80 (-) 93 (-) 75 (-) 95 (-)
(24 pharmacy claims) OR (21 hospitalization or 21 ED visit) OR
Persistent (24 ambulatory medical visits and =2 pharmacy claims), over 1
asthma*: year:
6 months-18 y -Medicaid children 44 (41-47) 94 (93-94) 69 (65-73) 85 (84-86)
(24 pharmacy claims) OR (21 hospitalization or 21 ED visit) OR
(21 ambulatory medical visit and 21 anti-inflammatory drug),
over 1 year:
Medications used -Medicaid children 67 (64-70) 93 (92-94) 75 (72-78) 90 (89-91)
inall "/g"_”‘thmsz (=4 pharmacy claims) OR (>1 hospitalization or >1 ED visit) OR
2;2?::;:"“0“ (22 anti-inflammatory drugs), over 1 year:
theophylline and -Medicaid children 58 (54-61) 94 (93-95) 74 (71-77) 88 (87-89)
salmeterol), ICS, (24 pharmacy claims) OR (21 hospitalization or 21 ED visit) OR
0CS, and anti- (21 ambulatory medical visit and > 1 anti-inflammatory drug) OR
inflammatory (22 anti-inflammatory drugs), over 1 year:
drugs (including -Medicaid children 72 (69-75) 93 (92-94) 76 (73-79) 92 (91-93)
LTRA) (24 pharmacy claims) OR (21 hospitalization or 21 ED visit) OR
(21 ambulatory medical visit) OR (21 anti-inflammatory drug),
over 1 year:
-Medicaid children 92 (90-94) 80 (79-82) 59 (56-61) 97 (96-98)
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Se Sp PPV NPV

Author, year Algorithm case definitions (95% CI)’ (95% CI)’ (95% CI)* (95% CI)*
(=4 pharmacy claims) OR (=1 hospitalization or ED visit) OR (=2
ambulatory medical visits) OR (21 anti-inflammatory drug), over
1 year:
-Medicaid children 87(85-89) 89 (88-90) 70(67-73) 96 (95-96)
-ConnectiCare children 84 (-) 92 (-) 38 (-) 99 (-)

(=1 hospitalization or 21 ED visit) OR (=2 ambulatory medical
visits) OR (21 anti-inflammatory drug), over 1 year:
-Medicaid children 86 (84-88) 90 (89-91) 72 (70-75) 96 (95-96)

(21 hospitalization or 21 ED visit) OR (23 ambulatory medical

visits) OR (21 anti-inflammatory drug), over 1 year:

-Medicaid children 84 (81-86) 93 (92-94) 79 (76-81) 95 (94-96)
-ConnectiCare children 78 (-) 93 (-) 41 (-) 99 (-)

Abbreviations: ATC: Anatomical Therapeutic Chemical Classification System; dx: diagnosis; ED: Emergency department; ICS: Inhaled corticosteroids; LABA: Long-acting beta2-agonists; LTRA:
leukotriene antagonist receptors; OCS: Oral corticosteroids; SABA: Short-acting beta2-agonists; y: years old.

*Ambulatory medical visits, ED visits and hospitalizations refer to medical encounters that have an asthma diagnosis

**When applicable, validity statistics were rounded to the nearest integer

"The first algorithm of the “probable asthma” category correspond to the definition of the Council of State and Territorial Epidemiologists; the other two algorithms correspond to variations of this
definition.

*The first algorithm of the “persistent asthma” category correspond to the definition of the Health Plan Employer Data and Information Set; the other seven algorithms correspond to variations of this
definition
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Table 4. Diagnostic codes and medications used in algorithms of retained studies

Author, year

Codes used and medications (if applicable)

Andrade et al., 2013 (32)

-ICD-9-CM: 493-493.92

Bechtold et al., 2012 (34)

-Selective beta2-adrenergic agonists (ATC: RO3AC) and adrenergics in fixed combination (ATC: RO3AK)

Bianchi et al., 2011 (35)

-Drugs belonging to the R03 main therapeutic group of the ATC

Biffi et al., 2017 (33)

For the first operational definition in Table 1:

-ICD-9-CM: 493; Exemption code: 007.493

-ATC: RO3AK07, RO3AK06, RO3AC02. RO3CC02, RO3AC04, RO3CCO4, RO3BAO1, RO3BAOS5, RO3BAO3, RO3BAO2,
RO3BAO0S8, RO3BCO1, RO3BCO3, RO3DA04, RO3DCO3

For the second and third operational definitions in Table 1:

-ICD-9-CM: 493

-ATC: RO3AC12, RO3AC13, RO3AK07, RO3AK06, RO3AC02, RO3CCO2, RO3AC04, RO3CCO4, RO3BA01, RO3BAOS,
RO3BAO03, RO3BA02, RO3BCO1, RO3BCO3, RO3BBO1, RO3BB02, RO3DA04, RO3DCO1, RO3DCO3, HO2

Blais et al., 2006 (12)

-ICD-9: 493.0; 493.1; 493.9

Bronstein et al., 2000 (27) -ICD-9: 493

-CPT-4: 94640; 94650; 94651; 94664; 94655
Dore et al., 2014 (29) -ICD-9: 493.xx
Dombkowski et al., 2012 (28) -ICD-9-CM: 493.0, 493.1, 493.2, 493.8, 493.9
Gershon et al., 2009 (20) -OHIP: 493

Hajibandeh et al., 2017 (38)

-HES comorbidity codes: Not specified

Huzel et al., 2002(21)

-ICD-9: 490, 491, 492, 493, 496

Kozyrskyj et al., 2009 (22)

-ICD-9-CM; Controller medications: Not specified

Lix et al., 2006 (23)

-ICD-9-CM: 493,

-ATC: MO2AA, M02ABO01, M02AC, M02AX03, M0O4AA, RO3AA01, RO3AB02, RO3AB03, RO3AC02, RO3ACO3,
RO3AC04, RO3AC08, RO3AC12, RO3AC13, RO3AK01, RO3AK03, RO3AK04, RO3AK06, RO3BAO1, RO3BA02, RO3BA03,
RO3BAO0S5, RO3BA06, RO3BBO1, RO3BCO1, RO3BCO3, RO3CBO1, RO3CBO3, RO3CCO2, RO3CCO3, RO3CCO7, RO3CC53,
RO3CK, RO3DA02, RO3DA04, RO3DA05, RO3DA43, RO3DA53, RO3DA54, RO3DAS55, RO3DA74, RO3DB05, RO3DCO1,
RO3DCO03, RO6AX17, M02AA, M02AB01, M02AC, M02AX03, MO4AA

Lujic et al., 2017(36)

-ICD-10-AM: J45, J46
-ATC: RO3AC02, RO3AC03, RO3AC12, RO3AC13, RO3AK06, RO3BAO1, RO3BA02, RO3BAOS, RO3BBO1, RO3BCO1,
RO3BCO03, RO3CCO2, RO3CCO3, RO3DA04, RO3DCO3

Moth et al., 2007(37)

-ATC: RO3BAO1, RO3BA02, RO3BAO5, RO3AC02, RO3AC03, RO3AC04, RO3CCO2, RO3CCO3, RO3AC12, RO3AC13,
R0O3CC12, RO3AK06, RO3AK07, RO3DCO3, RO3BCO1, RO3AKO03 RO3AK04, R0O3BB01, RO3BB04, RO3DA04

Omand et al., 2019 (25)

-ICD-10: )45, J46
-OHIP: 493

To et al., 2006 (24)

-OHIP: 493

Vollmer et al., 2004 (30)

-ICD-9: Not specified

Wakefield et al., 2006 (31)

-ICD-9: 493

Wilchesky et al., 2004 (26)

-ICD-9: 493.0-493.9

Abbreviations: ATC: Anatomical Therapeutic Chemical Classification System; CPT-4: Current Procedures Terminology, 4th Edition; HES: Hospital Episode Statistics; ICD-
9: International Statistical Classification of Diseases and Related Health Problems, Ninth Revision; ICD-9-CM; International Statistical Classification of Diseases and
Related Health Problems, Ninth Revision, Clinical Modification; ICD-10: International Statistical Classification of Diseases and Related Health Problems, Tenth Revision;
ICD-10-AM: International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Australian Modification
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4.3.1 Third Article: Supplementary Materials

The Validity of Diagnostic Algorithms to Identify Asthma Patients in Healthcare Administrative Databases: A

Systematic Literature Review

Electronic supplementary material

S1: Bibliographic search strategy

$2: Quality assessment
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TABLE S1: BIBLIOGRAPHIC SEARCH STRATEGY

Medline

(MH "Asthma") OR asthma* OR bronchospasm*

AND

(MH "Sensitivity and Specificity") OR specificit* OR sensitivit* OR "predictive value*" OR "positive predictive value*" OR "ppv" OR "negative
predictive value*" OR "npv" OR valid* OR "roc curve*" OR "roc" OR "receiver operating characteristic*" OR "auc" OR "area under curve*"
OR kappa*

AND

(MH "Health Information Systems") OR (MH "Billing and Claims") OR (MH "Coding") OR (MH "Databases, Factual") OR "administrative data*"
OR "medico-administrative data*" OR "administrative register data*" OR "health* administrative data*" OR "administrative code*" OR
"medico-administrative code*" OR "health* administrative code*" OR "health* data*" OR "billing data*" OR "billing code*" OR claim*

CINAHL, PsycINFO, Abstract in Social Gerontology, Ageline, All EBM Reviews

asthma* OR bronchospasm*

AND

specificit* OR sensitivit* OR "predictive value*" OR "positive predictive value*" OR "ppv" OR "negative predictive value*" OR "npv" OR valid*
OR "roc curve*" OR "roc" OR "receiver operating characteristic*" OR "auc" OR "area under curve*" OR kappa*

AND

"administrative data*" OR "medico-administrative data*" OR "administrative register data*" OR "health* administrative data*" OR
"administrative code*" OR "medico-administrative code*" OR "health* administrative code*" OR "health* data*" OR "billing data*" OR
"billing code*" OR claim*

PubMed

asthma OR asthmas OR asthmatic OR bronchospasm OR bronchospasms

AND

specificity OR sensitivity OR "predictive value" OR "predictive values" OR "positive predictive value" OR "positive predictive values" OR "ppv"
OR "negative predictive value" OR "negative predictive values" OR "npv" OR validation OR validity OR "roc curve" OR "roc curves" OR "roc"
OR "receiver operating characteristic" OR "receiver operating characteristics" OR "auc" OR "area under curve" OR "area under curves" OR
kappa OR kappas

AND

"administrative data" OR "administrative database" OR "medico-administrative data" OR "medico-administrative database" OR
"administrative register data" OR "administrative register database" OR "health administrative data" OR "health administrative database"
OR "healthcare administrative data" OR "healthcare administrative database" OR "administrative code" OR "administrative codes" OR
"medico-administrative code" OR "medico-administrative codes" OR "health administrative code" OR "health administrative codes" OR
"healthcare administrative code" OR "healthcare administrative codes" OR "health data" OR "health database" OR "healthcare data" OR
"healthcare database" OR "billing data" OR "billing database" OR "billing code" OR "billing codes" OR claim OR claims

Embase

"asthma"/exp OR "bronchospasm"/exp OR "bronchospasm*":ti,ab,kw OR "asthma*":ti,ab,kw

AND

"sensitivity and specificity"/exp OR "predictive value"/exp OR "validity"/exp OR "receiver operating characteristic"/exp OR "area under the
curve"/exp OR ("predictive*" NEXT/1 "value*"):ti,ab,kw OR "ppv":itiab,kw OR "npv':iti,ab,kw OR '"sensitivity":ti,ab,kw OR
"specificit*":ti,ab,kw OR "valid*":ti,ab,kw OR "receiver operat* characteristic*":ti,ab,kw OR "roc":ti,ab,kw OR "auc":ti,ab,kw OR "area under
curve*":ti,ab,kw OR "kappa*":ti,ab,kw

AND

"administrative database"/exp OR "administrative data"/exp OR "billing and claims"/exp OR "medical information system"/exp OR 'factual
database'/exp OR ("administrative*" NEAR/2 "data*"):ti,ab,kw OR ("administrative*" NEAR/2 "code*"):ti,ab,kw OR ("health*" NEAR/2
"data*"):ti,ab,kw OR ("billing*" NEAR/2 "data*"):ti,ab,kw OR ("billing*" NEAR/2 "code*"):ti,ab,kw OR ("billing*" NEAR/2 "billing*"):ti,ab,kw
OR claim:ti,ab,kw OR claims:ti,ab,kw

Grey literature search:

We focused our grey literature search in the websites of Canadian health policy units: Health Canada, Canadian Institute
for Health information, Health Canada, Institut national de santé publique du Québec, Régie de I'assurance maladie du
Québec, and Institut de la statistique du Québec.
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S2: QUALITY ASSESSMENT

The quality assessment is adapted from the Quality Assessment of Diagnostic Accuracy Studies revised tool (QUADAS-2)
Table S2: Evaluation results of risk of bias and generalisability domains (low, high, unclear or not applicable)

Risk of bias Generalisability

Studies
(n=20) Patient Blinding Indepen- Differential and/or Reference Timing Score (1-6)* Patient spectrum? Reference standard” Score (1-2)*

selection dence partial standard*
Andrade, 2013 L U L H L L 4 L H 1
Bechtold, 2012 H L L L H L 4 H L 1
Bianchi, 2011 H H L H L L B H H 2
Biffi, 2017 L L L H H U 2 H H 2
Blais, 2006 L L L L L L 6 H H 2
Bronstein, 2000 H L L L L L 5 H H 2
Dore, 2014 L L L L H L 5 L H 1
Dombkowski, 2012 L H L H H U 2 H L 1
Gershon, 2009 L L L L L u 5 H H 2
Hajibandeh, 2017 L H L H L U 3 L L 0
Huzel, 2002 H NA L L H H 2 L L 0
Kozyrskyj, 2009 H u L L L H 3 H H 2
Lix, 2006 L NA L L H H 3 H L 1
Lujic, 2017 L NA L L H L 4 L L 0
Moth, 2007 L U L H L L 4 H H 2
Omand, 2019 L L L L H U 4 H L 1
To, 2006 L L L L L L 6 L H 1
Vollmer, 2004 L L L L L L 6 H H 2
Wakefield, 2006 L L L L H H 4 L L 0
Wilchesky, 2004 L L L L L H 5 L H 1
Total Low 15 11 20 14 11 10 8 8
Total High 5 3 0 6 9 5 12 12
Total Unclear 0 3 0 0 0 5 0
Total NA 0 3 0 0 0 0 0

§ Studies combining adult and pediatric populations were considered highly generalizable

* For studies using self-reported data such as surveys, interviews and questionnaires (Dombkowski, Wakefield, Lix, Huzel, Bechtold, Omand): Due to bias associated with self-reported data, such as
social desirability, recall period, sampling approach, or selective recall, the risk of bias and applicability of reference standards of these studies were rated high and low respectively.

T For the risk of bias domain, the total score for each study corresponds to the number of ‘low’ ratings. For the generalisability domain, the total score for each study corresponds to the number of
‘high’ ratings.
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Figure S1: Summary of risk of bias and generalisability (low, high, unclear or not applicable)
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Section 2: Signaling questions and rating criteria

RISKS OF BIAS

Patient selection: Did the whole sample or a random selection of the sample, receive verification using
a reference standard of diagnosis?
e Low: The whole sample/random selection of the sample received verification using medical
records/physician questionnaire; case—control design avoided; inappropriate exclusions avoided
e High: some of the sample did not receive verification because reference standard data were
missing (missing records/unreturned questionnaires); case—control design; inappropriate
exclusions

Blinding: Were the reference standard results interpreted without knowledge of the results of the index
test (data algorithm)?

e Low: blinding present, or the reference standard diagnosis was made prior to the study (eg., the
reference standard was a prospectively generated register); codes assigned without knowledge
of reference standard;

e High: blinding not present, or not reported

e Unclear: insufficient published data

e Not applicable: the results (of index test and/or ref standard) are objective, i.e. are not
“interpretable”. For instance, review of full medical records to confirm diagnostics is “interpreted”
by the abstractor, but a direct result, such as a diagnostic code or a self-reported condition, is not.

Independence: Was the reference standard independent of the index test (i.e. index test did not form
part of the reference standard)?
e Low: the reference standard was independent of the index test
e High: the index test formed part of the reference standard (eg., coded diagnoses were used to
identify disease cases, and there was no further confirmation)

Differential and/or partial: Did all patients receive the same reference standard regardless of the index
test result?
e Low:yes
e High: some/all code positive cases received different reference standards from code negative
cases eg., disease code positive cases not present in a disease register (potential false positive

cases) were selected for subsequent medical record review, but disease code negative cases
present in asthma register (potential false negative cases) did not have subsequent medical
record review; not all patients who were evaluated with the index test received the same
reference standard; If only assessing patients with positive reference — or do not receive the same
RS.

Reference standard: Is the reference standard likely to correctly classify the patient?

e Low: the reference standard was likely to identify all cases (hospitals, primary care, community),
AND was either based on an expert reviewing the full medical record or was based on a non-
expert (eg., research assistant, research nurse, or ‘adjudicator’) following clearly described rules

e High: the reference standard diagnosis was made by a non-expert and there was not a clear
protocol to exclude differential diagnoses (or other conditions that could be confused with the
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target condition), and/or the reference standard used self-reported data such as questionnaires,
interviews or surveys.

Flow & timing: Is the time period between reference standard and index test short enough to be
reasonably sure that the target condition did not change between the two tests?

Low: The information used to make the reference standard diagnosis was the same as the
information used at the time of coding, or the time period between the reference standard and
the index test is short enough to be reasonably sure that the target condition did not change
between the two tests.

High: The information used to make the reference standard diagnosis was not the same as the
information used at the time of coding

Unclear: insufficient published data

GENERALISABILITY

Patient selection: Was the patient spectrum representative of the patients who will receive the test in

practice?

Low: the study was performed in a more selected population (eg., restricted to patients admitted
to medical specialties, where coding performance might be higher)

High: the study included patients diagnosed and treated in a representative mixture of specialist
and non-specialist settings, and the population was otherwise relatively unselected.

Unclear: insufficient published data

Reference standard: Were the same clinical data available when test results were interpreted as would

be available when the test is used in practice?

Low: data specific of asthma such as lung function tests results not available

High: medical record data (extracts or full record) including data specific of asthma that would be
used in current practice to exclude other pulmonary conditions

Unclear: insufficient published data

Reference:

Whiting PF, Rutjes AW, Westwood ME, et al. QUADAS-2: a revised tool for the quality assessment of

diagnostic accuracy studies. Annals of internal medicine. 2011;155(8):529-536.
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ABSTRACT

Background: A growing interest to study asthma treatment escalation patterns in the real-world has
recently emerged, notably with the marketing of novel and expensive biologic therapies in severe asthma.
Healthcare administrative claims databases can serve as a useful tool to study treatment escalation
patterns at a population-level; however, claims-based asthma treatment escalation definitions reported
in the literature are variable. The aim of this study was to develop an operational definition of treatment
escalation in adults with asthma that can be applied to healthcare administrative data, through a rigorous
expert consensus.

Methods: A mixed-methods research design incorporating a Delphi process was used to build consensus
regarding the treatment escalation definition. A multi-disciplinary expert panel participated in three
iterative rounds of structured online questionnaires, which were based on treatment escalation criteria
that were inspired from a systematic review that was conducted as part of this study. The final definition
was constructed using criteria for which a 75% level of agreement was achieved among experts. The
applicability of the definition was tested in a population-based cohort of asthma patients.

Results: We developed a claims-based treatment escalation definition that was adapted from the Global
Initiative for Asthma treatment guidelines. Its salient features include seven treatment steps, as well as
escalation options for treatments that are not typically found in clinical guidelines. Additionally, the
definition provides methods to identify treatments in severe asthma, such as oral corticosteroid
maintenance therapy and chronic azithromycin use.

Conclusions: The operational definition of treatment escalation presented in this study bridges the gap
between clinical guidelines and the real-world practice setting and lays the groundwork for future

observational studies on treatment escalation patterns among individuals with asthma.

Key words: Asthma, treatment escalation, healthcare administrative databases, Delphi, expert consensus
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INTRODUCTION

As a leading cause of chronic morbidity, asthma imposes an enormous societal and economic burden
worldwide, affecting over 334 million people.! Although there is no cure, a plethora of effective
treatments exist, of which inhaled corticosteroids (ICS), alone or in combination with long-acting beta2-
agonists (LABA), are the most commonly prescribed. The Global Initiative for Asthma (GINA)? recommend
to treat asthma patients with a step-care approach, whereby ICS doses are gradually increased, or other
controller medications are added when disease control is unachieved. In recent years, there has been
growing interest to study treatment escalation in the clinical practice setting, especially with the advent
of novel therapies indicated in patients with severe asthma.

Treatment decision-making in asthma is complex and relies on assessment of common problems,
such as inhaler technique, environmental control, disease control, and medication adherence.? An area in
the literature that remains underexplored is the relationship between medication adherence and
treatment escalation. Indeed, medication adherence in asthma patients often falls below 50%,>* and is
associated with sub-optimal treatment outcomes, including inadequate disease control and increases in
healthcare utilization.>® Medication adherence problems are further exacerbated by physicians’ struggle
to measure adherence accurately in clinical practice. Indeed, physicians commonly rely on patient self-
report; yet this method is prone to inaccuracies since patients often over-estimate their adherence due
to incorrect recall or social desirability bias.”® Most often, physicians’ decision to intensify treatment is
mainly based on disease control, even when non-adherence may be the underlying reason behind
uncontrolled disease. Due to the incremental approach to therapy, failure to detect non-adherence in
asthma patients may result in unnecessary treatment escalation that can increase the risk of adverse
events and lead to higher level of non-adherence due to more complex and costly drug regimen:s.

Healthcare administrative claims databases, including pharmacy claims, can be used to efficiently
study the association between medication adherence and treatment escalation. However, identifying
treatment escalation using these data is challenging owing to the complexity of the asthma therapeutic
landscape. Although the literature on this topic is limited, the most reported method of studying
treatment escalation in healthcare administrative databases is through the identification of step-up
episodes that correspond to clinical practice guidelines.'®*> However, claims-based treatment escalation
definitions reported in the literature are variable, mainly due to differing interpretations of asthma
treatment guidelines. Another critical issue to keep in mind is that current treatment guidelines provide
a framework that physicians can use to tailor their patient’s therapy to their disease severity and level of
disease control; they were not designed to identify treatment escalation at a population-level. In this
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context, it is crucial to pinpoint the different treatment possibilities in clinical practice and ascertain all
clinical scenarios for which the prescriber’s original therapeutic intent was to escalate therapy. ldeally,
such an undertaking can be achieved through expert consensus.

The aim of this study was to develop an operational definition of treatment escalation in asthma
that can be applied to healthcare administrative data, through a Delphi process based on expert
consensus. Since treatment recommendations differ in pediatric populations, this study focused on
asthma in adult populations. This study will form the basis of a future cohort study aiming to evaluate the

association between medication adherence and treatment escalation in the real-world setting.

METHODS

Study Design

A mixed-methods research design incorporating a Delphi process was used to build consensus regarding
the treatment escalation definition. The Delphi method is a flexible group facilitation technique that can
be used to determine consensus for a defined clinical problem for which little or no evidence exists or for
which there is contradictory information.'®!’ Specifically, consensus was achieved through an iterative
process that employs a systematic progression of repeated rounds of voting among an expert panel
through online questionnaires. We formed a multi-disciplinary expert panel which included 4
pulmonologists, 3 hospital pharmacists, 3 community pharmacists, 2 family physicians, and 2
epidemiologists. Panel members were recruited by email and came from major metropolitan areas in
Canada, including Montreal, Toronto, and Quebec City. Participants had at least 10 years of clinical and/or
research experience in epidemiology. Consultation rounds took place between March and September
2020.

The starting point of the Delphi process consisted of a systematic review aiming to identify the
different criteria and clinical scenarios that can be used to ascertain asthma treatment escalation using
routinely collected electronic healthcare data. Using Canadian healthcare administrative databases, we
subsequently constructed the claims-based algorithm that reflected the operational treatment escalation
definition that was proposed by the expert panel during the Delphi process and applied it to a population-

based cohort of asthma patients.

Systematic literature review
We identified observational studies examining asthma treatment escalation using routinely collected
electronic healthcare data, including healthcare administrative claims and electronic health record (EHR)
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data. To identify relevant articles, we searched the following databases from January 1996 to March 2020:
Medline, Embase, CINAHL, Global Health, and all Evidence-Based Medicine Reviews. Search strategies
were developed in collaboration with a librarian. The screening and data extraction process was
conducted according to PRISMA guidelines. A complete list of search terms and details on screening/data
extraction methods are found in the electronic supplementary files (S1). Based on the review literature

findings, knowledge gaps were identified and were used to develop the Delphi questionnaires.

Delphi process

1. Development of questionnaires and consensus process

Consensus among the 15 experts was achieved via an iterative process consisting of three rounds of
structured online questionnaires. In round 1, experts were asked to rate the clinical relevance of different
criteria that can be used to identify treatment escalation in asthma, based on the literature review findings
and treatment guidelines. They were also presented with various clinical scenarios and requested to
identify the ones for which the prescriber’s therapeutic intent was the mostly likely to escalate therapy.
In round 2, a treatment escalation definition based on the criteria for which there was the highest level of
agreement among the experts in round 1 was presented. Experts were required to further refine the
criteria presented in the definition. Round 3 was conducted for confirmatory purposes and experts were
requested to validate and refine the definition of treatment escalation developed in round 2. In all rounds,
percent agreement was the metric used to identify expert consensus. Retained criteria were those for
which there was at least a 75% agreement among experts, a threshold based on previous literature.®
Prior to each round, the questionnaires were pilot tested with healthcare researchers unfamiliar with the
project to evaluate content validity and to ensure that questions were clearly written. Study data were

collected using REDCap, an electronic data capture tools.*?°

2. Application of the treatment escalation definition in a population-based cohort

The applicability of the definition proposed during the Delphi process was tested within a cohort of asthma
patients through two phases. In Phase |, all treatment possibilities in the cohort were identified and
subsequently compared to the definition proposed by the experts at each round to ensure that the
definition captured all relevant clinical scenarios. In Phase Il, treatment escalation rates were estimated

once the definition obtained from the Delphi process was finalized.

Data source
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A cohort of 90, 567 individuals with asthma was constructed. Subjects were selected from the Asthma
and COPD patients with Public drug Insurance (ACPI) database, which was formed by linking two Quebec
(Canada) administrative databases. 1) The Régie d’assurance maladie du Québec (RAMQ) medical service
and drug claims database; and 2) Maintenance et exploitation des données pour I'étude de la clientele
hospitaliere (MED-ECHO) hospitalization database. Eligible subjects had an asthma diagnosis, defined by
at least one hospitalization with a diagnosis of asthma in the MED-ECHO database or two ambulatory
medical visits with a diagnosis of asthma within two consecutive years recorded in the RAMQ database
between January 1, 2002 and December 31, 2015. This definition was shown to have a high sensitivity
(83.8%) and specificity (76.5%) in Canadian administrative databases.?*?? Cohort entry (CE) corresponded
to the date of a new prescription for an asthma controller medication following asthma diagnosis and
subjects were followed until the earliest occurrence of one of the following events: treatment escalation
as defined by experts; end of coverage of the RAMQ drug insurance; date of death; 2 years of follow-up
or December 31, 2016. Details on cohort eligibility criteria, flow chart of cohort selection, and subject

baseline characteristics are presented in the supplementary file (S2).

Phase I: Identification of treatment possibilities during the Delphi process

Prior to the first round and developing the first questionnaire, treatments at CE were identified to obtain
an overview of treatment possibilities in clinical practice. In subsequent rounds, treatment escalation
definitions proposed by experts were tested within the cohort. Treatments at CE and treatment escalation
identified at follow-up were manually reviewed by the research team to ensure they were all captured by
the escalation definition proposed at each round and that treatment escalation events were clinically
coherent. This treatment identification process was repeated between each round, until all treatment
possibilities were captured by the definition proposed by the experts. Treatment ascertainment methods

at baseline and during follow-up are presented in the supplementary file (S2).

Phase II: Estimation of treatment escalation rates using the final definition of the Delphi panel

Once the treatment escalation definition was finalized, treatment escalation rates and corresponding 95%
confidence intervals (Cl) at 6, 12, and 24 months post CE were estimated. Among patients whose
treatment was escalated, we also summarized, using propositions, the treatment steps that they

transitioned to, according to treatment step at CE.
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Ethics approval
This study was approved by the research ethics committee of the Centre Intégré Universitaire de santé et

de services sociaux du Nord-de-I’ile-de-Montréal.

RESULTS
Systematic literature review
A total of 7 studies, mostly published in the last 5 years, met the eligibility criteria (Figure 1). The majority

)10—12,15

of studies were conducted in the United States (n=4 and the remainder were conducted in the

United Kingdom*% and Australia.’®

Operational definitions used to describe treatment escalation
The definitions of treatment escalation differed widely across studies (Table 1). Of note, none of the
studies have used rigorous methods or expert opinion to establish the definitions. The most common
definitions entailed a transition to a higher step, defined in accordance with treatment guidelines, with
GINA being the most used guidelines. One study defined treatment escalation as evidence of either
inhaled corticosteroids (ICS) dose increase, or add-on/switch from another controller medication [LABA,
leukotriene receptor antagonists (LTRA) or long-acting muscarinic agents (LAMA)] to an existing ICS-
containing treatment.#1°

Methods to identify long-term OCS therapy differed greatly across studies. Two studies required

1112 \whereas one study

continuous use of OCS for a minimum time period, ranging between 14 to 60 days,
defined OCS maintenance therapy as any dispensing of low dose prednisone or prednisolone (1-5 mg),
without specifying the time frame.® In three studies, patient EHR were reviewed to determine whether
the OCS was dispensed for maintenance therapy and not for acute use only.'>*2 Finally, one study did

not consider OCS maintenance therapy as a treatment escalation possibility.*

Rates of treatment escalation obtained from literature review

Reported proportions of treatment escalation ranged from 0.7 to 30%, depending on the study
population, disease severity, follow-up duration and treatment escalation definition. As a prime example,
Zeiger et al.?* found that 30% of patients with uncontrolled disease had their treatment stepped up within
3 months. On the other hand, Bengtson et al.*® found that among asthma patients who initiated a long-
term ICS-containing regimen, approximately 14% escalated therapy within a year of initiation. Van Boven

et al.** and Buhl et al.”* both studied treatment escalation in asthma patients with moderate-to-severe
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asthma who initiated ICS/LABA combination, but reported drastically different rates over a 1-year period

(3.9-15.2%).

Development of Delphi questionnaires

The literature review identified several discrepancies regarding the asthma treatment escalation
definitions used across studies. Thus, the questionnaires that were administered in the Delphi rounds
aimed at harmonizing these findings. As previously mentioned, the cohort study that was conducted
alongside the Delphi process (Phase 1) provided insights on real-world treatment patterns and helped
develop the round-specific questionnaires. All questionnaires are presented in the supplemental materials

(S3).

Delphi process

Summary of first round

In round 1, most of the questions evaluated the experts’ preferences with the different criteria that can
be used to identify asthma treatment escalation and OCS maintenance therapy, based on the literature
review findings. To identify treatment escalation, the participants preferred the definition which entailed
a transition to a higher treatment step, defined in congruence with the GINA guidelines. Other criteria
having a high level of agreement among experts included evidence of either ICS or ICS-containing therapy
dose increase and add-on of another controller medication to the existing therapy. Experts highlighted
that a definition based on treatment guidelines was clinically intuitive and adapted to the patients’ level
of disease control. However, many experts pointed out that treatment steps are not always followed in
clinical practice. To address this limitation, we retained the definition based on the GINA 2020 treatment
steps, but adaptations were made in subsequent rounds to ensure that all treatment possibilities were

considered.

Second and third rounds: Development of treatment escalation operational definition

The operational definition of asthma treatment escalation that was developed in rounds 2 and 3 is
presented in Figure 2. This definition can be applied in any cohort in which: i) a treatment has been
identified at CE, hereafter referred to as “baseline treatment”; ii) a new treatment has been identified
during follow-up, hereafter referred to as “new treatment”. The first part of the definition requires to
categorize the “baseline treatment” and “new treatment” based on a modified version of the GINA 2020

guidelines (Figure 2, Part A). The most significant changes proposed by the panel consisted of splitting
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steps 4 and 5 into two parts each to consider the different possibilities of treatment add-ons and to
distinguish patients with more severe forms of asthma. In light of recent findings which provide evidence
that chronic macrolide therapy could reduce the number of exacerbations in severe uncontrolled
asthma,? the panel also recommended to add low-dose azithromycin in step 5b. Additionally, treatments
that do not fit the GINA 2020 treatment guidelines were referred to as “other treatments”.

Once the treatment baseline categorization in Part A is completed, then treatment escalation can
be identified using three different options (Part B, Figure 2). These options consider transitions to higher

treatment steps, ICS dose increases, and controller medication add-on.

Considerations for severe asthma

Other than biologic therapy, patients with severe asthma can be treated with chronic OCS or azithromycin
use. The experts acknowledged the challenges of identifying these treatments using healthcare
administrative databases, since information on drug indication or complete information on posology is
not typically available in pharmacy claims data. To this end, the experts put forth several definitions to
ascertain these treatments (Figure 3). To identify chronic OCS, the experts agreed that individuals should
have a total days’ supply of OCS of at least 90 days over a 180-day evaluation period. They also agreed
that excluding individuals with asthma who have other concomitant conditions for which long-term use
of OCS is common or is the mainstay therapy was an appropriate method to isolate individuals who use
OCS exclusively to treat their asthma. The experts proposed a list of these conditions, which was inspired
and adapted from a list obtained from the literature.?® Alternatively, to avoid excluding patients
unnecessarily based on their comorbidities, it was suggested to take into account these comorbidities
during the identification of treatment escalation. Specifically, if a person is prescribed OCS maintenance
therapy as a treatment add-on, this treatment change would constitute an escalation only if the individual
does not have any prior comorbidities for which chronic use of OCS is the mainstay therapy. Lastly, the
experts suggested that an individual with asthma can be considered on chronic azithromycin if at least 3

prescriptions were filled within a 6-month period, with each prescription lasting at least 28 days.

Application of treatment escalation operational definition in the population-based cohort

Upon CE, 4.5% of asthma subjects had a treatment that corresponded to “other treatments”, i.e.
treatments that do not follow practice guidelines. After applying the treatment escalation definition in
the cohort, the overall rate of treatment escalation was 16.7 (95% Cl: 16.5-17.0) and 11.0 (95% Cl: 10.8-

11.3) cases per 100 person-years, respectively, in the first and second year following the dispensing of a
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new prescription of a controller medication. Of note, these new prescriptions do not necessarily coincide
with a new treatment initiation. Among subjects whose treatment was escalated, most patients with
moderate asthma (steps 3-4b) transitioned to the consecutively higher treatment step (Table 2). In
contrast, most individuals in steps 5a or 5b whose treatment was escalated remained in their respective
step but received either an ICS dose increase or a treatment add-on (Table 2). As shown in Table 3, rates
of treatment escalation were consistently higher in the first 6 months of follow-up across all treatment
steps and were higher in patients with milder forms of asthma (step 2 and 3). The complete list of
treatments identified at CE and during follow-up are presented in the supplementary material (Tables

$2.8-52.9).

DISCUSSION

Through rigorous research methods that were supported by an expert panel, we developed a treatment
escalation definition that was adapted from the GINA guidelines. This definition comprises three options
and takes into account transition to higher treatment steps, inhaled corticosteroid dose increases, and
controller treatment add-on, as well as treatments that are not typically included in clinical guidelines.
Furthermore, the applicability of this operational definition was successfully tested in a population-based
cohort of adults with asthma.

The systematic review that was conducted as the starting point for the Delphi process revealed that
operational definitions of asthma treatment escalation are highly variable across the literature.
Additionally, none of the definitions appeared to have been established through a rigorous expert
consensus. These differences were further reflected by the discrepancies in the treatment escalation rates
reported in the retained studies. Although these studies collectively provided valuable insight on
treatment escalation patterns in the real-world setting, some of the approaches used to identify
treatment escalation failed to include all treatment possibilities in clinical practice, particularly in severe
asthma. As a prime example, definitions of OCS maintenance therapy were inconsistent throughout the
studies and were at times too simplistic. Additionally, most definitions in the studies entailed transitions
to higher treatment steps based on clinical guidelines; however, our experts pointed out that treatment
escalation can still occur if an individual remains on the same step after a treatment change. Overall, the
Delphi process was a successful approach in harmonizing the findings from the literature review and
proved to be a useful method to identify treatment escalation patterns in population-based observational

studies.
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In the cohort analysis, 4.5% of the identified treatments did not fit clinical guidelines, echoing
findings from studies in the review. For instance, Zeiger et al.2’ and Broder et al.!! reported, respectively,
that 2.5 and 15% of patients with uncontrolled asthma had treatments that could not be classified
according to the NHLBI Expert Panel Report 3 guidelines. Although the definition proposed in our study is
based on treatment guidelines, it also includes treatments that are not typically found in guidelines and
presents clinical scenarios for which the prescriber’s therapeutic intent was most likely to escalate
treatment.

In recent years, the arsenal of asthma treatment options has broadened with the advent of novel
agents, particularly monoclonal antibody therapies targeting IgE, interleukin (IL)-4/IL-13 and IL-5 cytokine
pathways. With the expected rise in the use of expensive biologics and increasing evidence on the impact
of OCS adverse effects, understanding how prescribing patterns compare with clinical treatment
guidelines will help us gain insight on the key aspects that prevent optimal pharmacological treatment.
Given the complex therapeutic landscape of asthma, the necessity to adequately identify treatment
escalation in asthma at a population level is relevant. Furthermore, the findings of this study can form the
basis of future studies which aim to evaluate the relationship between asthma control, medication
adherence, and treatment escalation. Such studies could provide insight on physician prescribing practices
and could ultimately help determine whether patients’ treatment escalation was an appropriate
treatment decision.

To the best of our knowledge, this study is the first to develop an operational definition of
treatment escalation that is based on expert consensus. An important strength of the Delphi process is
the incorporation of a systematic literature review, which provided valuable guidance for the
development of the questionnaires that were administered in the consultation rounds. Another salient
feature is the iterative process that was used to develop the treatment escalation definition, which was
informed by the expert opinion and the cohort analysis. Despite these methodological strengths, the
results of this study should be interpreted in the light of some limitations. Namely, the participants of the
Delphi process only included Canadian experts; yet a multi-national panel would have enhanced the
generalizability of study findings. However, since our definition was based on international guidelines, we
believe that it could easily be applied or adapted to different healthcare settings. Moreover, future studies
are required to ensure the applicability of the treatment escalation definition across various databases.
Lastly, the cohort study used to test the definition was based on administrative data that were
retrospectively collected between 2002 and 2016, which prevented us from ascertaining treatments that
appeared in more recent treatment guidelines, such as chronic azithromycin use.
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CONCLUSIONS

This study provided an expert consensus on an operational definition of treatment escalation adapted to
healthcare administrative database using rigorous mixed research methods. Given its broad clinical
implications, this definition of treatment escalation lays the groundwork for future real-world

observational studies on treatment escalation patterns among asthma patients.
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3243 records identified in scientific databases
EMBASE (921) Medline (1388), CINAHL (277),
EMB Reviews and Global Health (657)

Identification

A4
2296 records after

duplicates removed

o

=
c
o
o
S
O
n

2242 records excluded after reading abstract
Full-text not available; article was not an original
research paper; or at least one eligibility criteria was
not respected

54 full-text articles
assessed for eligibility

Eligibility

47 full-text articles excluded:

* Wrong study population (pediatric or maternal asthma)
(n=13)

* Wrong study outcome (did not study treatment
escalation or categorized treatments according to
guidelines) (n=19)

* Wrong study design (e.g. randomized clinical trial) (n=1)

« Algorithm did not use electronic healthcare data (n=5)

* Details on treatment escalation algorithm not available
(n=8)

* Study period prior to 1995 (n=1)

7 studies included in the systematic
review

Included

Figure 1. PRISMA-style flow chart of study selection and review
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PART A: TREATMENTIDENTIFICATION
Baseline and new treatments are categorized in accordance with a modified version of GINA 2020 treatment steps:
Step 5a
Step 4b
Step 4a Medium dose ICS
Medium dose ICS | + 3 controllers
Step 3 Medium dose ICS +2 other
+1 other controllers OR
Step 2 Low dose ICS + controller OR
1 other controller High dose ICS + at
step1 | Lowdose . (el High dose ICS least 2 other
ICS OR High dose ICS + 1 other controllers
No daily controller
controller OR Medium dose ICS OR
therapy | 11ra Very High ICS
dose + at least 1
controller
Other controller therapies: Other controller therapies:
LTRA or LABA LTRA, LABA, LAMA
Other treatments —Treatments that are less frequently prescribed. Examples are presented below:
e Any theophylline-containing therapy
e LTRA + at least 1 other controller therapy (besides ICS)
e Low dose ICS + at least 2 other controller therapies (e.g. Low dose ICS + LABA + LTRA)
e Very dose high ICS monotherapy
ICS dose:
Low: < 250 mcg/day; Medium: 250-499 mcg/day; High: 500-1000 mcg/day; Very high: >1000 mcg/day; Fluticasone propi HFA equival
PART B: APPLICATION OF TREATMENTESCALATION ALGORITHM
Treatment escalation option Explanation Examples
Option 1: When the baseline and new treatment Baseline treatment: Medium dose ICS +
Treatment escalation basedon a both correspond to one of the treatment | LABA
transition to a higher treatment steps that were adapted from the GINA (step 4a)
step 2020 guidelines, treatment escalation
will be defined as a transition to a higher | New treatment: High dose ICS + LABA
treatment step. (step 4b)
Opti . Among individuals who remain in steps | Baseline treatment: High dose ICS/LABA +
ption 2: - ) A
Treatment escalation based on 5a or 5b after an add-on of a new tiotropium + low dose OCS maintenance
add-on of another controller controller therapy, such prescription therapy (step 5b)
therapy in individuals whose change. will constitute a treatment New treatment: High dose ICS/LABA +
baseline treatment belongs to escalation. i A !
iotropium + low dose OCS maintenance
steps 5a or 5b therapy + biologic therapy
(step 5b)
Option 3: If either the baseline or new treatment Baseline treatment: Low dose ICS/LABA
Treatment escalation basedon an | doesnot correspondto any of the (29 8)
ICS dose increase or add-on of treatment stepsthgt were adapted from New treatment: Low dose ICS/LABA
another controller therapy when the GINA 2020 guidelines (see “other +LTRA (defined as “other treatments”)
either the baseline or new treatments” in PART A), treatment
treatment belongs to the “Other escalation will be defined as any
treatments” category in PARTA evidence of an ICS-doseincrease or an
add-on of another controller therapy.

Figure 2. Asthma treatment escalation algorithm developed in collaboration with the multidisciplinary

expert panel.

Abbreviations: ICS: Inhaled corticosteroids; LABA: Long-acting beta2-agonists; LAMA: Long-acting muscarinic
agents; LTRA: Leukotriene receptor antagonist; OCS: Oral corticosteroids

191



CONSIDERATIONS FOR PATIENTS WITH SEVERE ASTHMA

Treatments that can be prescribed in patients with severe/uncontrolled asthma, other than biologic therapy:

= Oral corticosteroids maintenance therapy
= Chronic azithromycin use

Oral corticosteroids (OCS) maintenance therapy

A: Treatment ascertainment of OCS maintenance therapy

Definition proposed » Total days’ supply of OQS c*)f at least 90 days over a
by experts 180-day evaluation period.

*Total days’ supply of OCS of at least 45 days over a 90-day evaluation period can
be considered, although this was not the preferred definition of the panel

B: Consider isolating patients who use OCS maintenance therapy exclusively for asthma as
opposed to other conditions

Conditions for which long-term use of OCS is common, other than asthma:

Scleroderma, Pemphigus vulgaris, adrenal insufficiency, congenital adrenal hyperplasia, ulcerative
colitis, Crohn’s disease, autoimmune hepatitis, lymphoma/leukemia, hemolytic anemia, idiopathic
thrombocytopenic purpura, rheumatoid arthritis, systemic lupus erythematosus, polymyalgia
rheumatic, polymyositis/ dermatomyositis, polyarteritis, vasculitis, uveitis, multiple sclerosis, organ
transplantation, nephrotic syndrome, cerebral edema, hypersensitivity pneumonitis, acute and
chronic eosinophilic pneumonia, allergic bronchopulmonary aspergillosis.

Approach 1: Exclude patients with above conditions from original sample.

Approach 2: If a patient is prescribed OCS maintenance therapy as a treatment add-on, this
treatment change would constitute a treatment escalation only if the individual does not have any prior
comorbidities among these ones listed above.

Chronic azithromycin use

Treatment ascertainment of azithromycin

-At least 3 prescription refills of azithromycin were filled
within a 6-month period
-Each prescription should last at least 28 days

Definition proposed
by experts

Figure 3. Special considerations when identifying patients with severe asthma
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Table 1. Studies examining treatment escalation in asthma using healthcare administrative or electronic healthcare data

Author, year, Database, Study period, Treatment Operational definition of treatment escalation or step- Treatment escalation rates
country electronic health  Patient sample size guidelines assignment algorithm
data type & characteristics
Broder et al., Ingenix i3 LabRx 2005-2006 Expert Panel Transition to higher treatment step Treatment escalation rate:
2010 database n=18,343 Report 3, Step 1: SABA only Step 1: 41.3%
National Step 2: No LABA; any of the following: low dose ICS, Step 5: 12.4%
United States Administrative 12-64 years old with  Heart, Lung, cromolyn sodium, LTRA, nedocromil, and/or theophylline
claims data evidence of and Blood Step 3: Medium dose ICS and LABA; Medium dose ICS + Escalation rates for steps 2-
uncontrolled asthma Institute either LTRA; theophylline, or zileuton 4 were not provided.
(2007) Step 4: Medium dose ICS and LABA; Medium dose ICS and
No diagnosis of either LTRA, theophylline, or zileuton CE: Date of marker of
COPD, emphysema, Step 5: High dose ICS, LABA, and long-term use of OCS uncontrolled disease
cystic fibrosis, (Total supply of > 60 days in a 6-month period); and Maximum follow-up: 12
bronchopulmonary omalizumab if evidence of allergy months
dysplasia No asthma treatment: No use of any asthma medication
Undefined: Asthma treatment not fitting any
aforementioned step 1-6
Zeiger et al., Kaiser 2005-2008 Expert Panel Transition to higher treatment step Treatment escalation rate:
2010%° Permanente n=7694 Report 3, Step 1: SABA only 30.1%
Southern National Step 2: Monotherapy low-dose ICS, LTRA, Mast-cell
United States California Region 212 years old Heart, Lung, stabilizer or theophylline CE: Date of uncontrolled
individuals with and Blood Step 3: Low dose ICS + either LABA, LTRA, mast-cell disease
Administrative uncontrolled asthma Institute stabilizer or theophylline OR monotherapy high-dose ICS
claims data (2007) Step 4: Medium dose ICS + either LABA, LTRA, mast-cell Maximum follow-up: 3

No cystic fibrosis,
COPD, emphysema,
chronic bronchitis,
Churg-Strauss
syndrome, Wegener
granulomatosis,
sarcoidosis, immune
deficiencies,
pulmonary
hypertension,
bronchiectasis

stabilizer or theophylline OR Monotherapy high dose ICS
Step 5: High dose ICS + LABA with or without Omalizumab
Step 6: High dose ICS +LABA with or without Omalizumab +
OCS maintenance dose therapy (EMRs of patients in step 6
were reviewed to determine that the OCS dispensed for
maintenance therapy and not for acute use only)
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Author, year, Database, Study period, Treatment Operational definition of treatment escalation or step- Treatment escalation rates
country electronic health  Patient sample size guidelines assignment algorithm
data type & characteristics
Bengston et al., Optum Research  Optum Research Global Baseline treatment: ICS or ICS-containing regimen. Patients Treatment escalation rate:
2017% database database Initiative for who filled, in addition to their ICS-containing regimen, Mast ~ 14.6%
2008-2015 Asthma cell stabilizers, theophylline, or Omalizumab were also
United States Administrative n=35,126 (2017) included. Index date: Date of
claims data National Treatment escalation algorithm: treatment initiation
>12 years old with Heart, Lung, 1) Evidence of an ICS dose increase
asthma who initiated and Blood 2) Switch among ICS, LABA, or LTRA Maximum follow-up: 12
a long-term ICS or Institute 3) Add-on of another controller medication (Mast cell months
ICS-containing (2017) stabilizer, theophylline, Omalizumab, LABA)
regimen
Dilokthonrsakul PharmMetrics 2006-2014 Global Transition to higher treatment step Rates according to baseline
et al., 2019*? n=12,049 Initiative for Step 1: SABA only treatment step:
Administrative Asthma Step 2: Low-dose ICS OR LTRA OR Theophylline OR Mast Step 1: 11.2%
United States claims data > 12 years with mild  (2014) cell stabilizer Step 4: 1.6%;
(step 1) or severe Step 3: Low dose ICS+LABA or Medium/high dose OR Low- Index date: First date of
(step 2) dose ICS +LTRA OR Low-dose ICS + Theophylline asthma diagnosis
Step 4: Medium/high-dose ICS +LABA OR Medium/High- Maximum follow-up: 3
dose ICS+LABA OR Medium/high-dose ICS + Theo months
Step 5: Omalizumab or OCS maintenance therapy (defined
as > 14 days’ supply/claim of OCS, exclusion of patients
with conditions for which long-term use of OCS is the
mainstay therapy)
Gayle et al., Clinical Practice 2006-2016 British Transition to higher treatment step Rates according to baseline
2019% Research n=607,212 Thoracic Step 1: SABA only treatment step:
Datalink 12-89 years old, with  Society, Step 2: Low-medium dose ICS only (no use of LABA, LAMA, Step 1: 11.9%
United Kingdom active asthma Scottish LTRA, theophylline, chromones) Step 2: 2.4%
HER data diagnosis Intercollegiate  Step 3: Low-medium dose ICS plus LABA (ICS/LABA fixed- or ~ Step 3: 2.5%
Guideline free-dose combination), or Low-medium dose ICS plus LTRA  Step 4: 0.7%
Network or theophylline Step 5: N/A
(2014) Step 4: High dose ICS plus 1 or more of: LABA, LAMA, LTRA

theophylline, chromones

Step 5: Long-term/frequent use of OCS, defined as at least
5 consecutive prescriptions of rescue OCS over 6 months or
at least one prescription of a non-rescue OCS

Index date: Date of
uncontrolled disease
Maximum follow-up: 2
months
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Author, year, Database, Study period, Treatment Operational definition of treatment escalation or step- Treatment escalation rates
country electronic health  Patient sample size guidelines assignment algorithm
data type & characteristics

Van Boven et Australian 2013-2017 Global First GINA Step 5 add-on therapy, defined as dispensing as Treatment escalation rate:
al., 2019%3 Pharmaceutical n=3,062 Initiative for either: 3.9%

Benefits scheme 12-44 years old with  Asthma -Monoclonal antibody therapy (omalizumab, mepolizumab, CE: Date of treatment
Australia asthma, new users (2019) benralizumab) initiation

Administrative initiating ICS/LABA -OCS maintenance therapy, defined as 1 or 5 mg Maximum follow-up: 12

claims data FDC, no COPD prednisone or prednisolone months

diagnosis -LAMA

Buhl et al., Clinical Practice 2006-2016 Global Addition of one or more asthma controllers, including Rates according to baseline
2020 Research Initiative for LAMA, LTRA, theophylline, or maintenance OCS in patients  treatment:

Datalink Asthma patients on Asthma of both ICS-LABA cohorts, and increase in ICS dose only in -Medium ICS/LABA: 19.0%
United Kingdom GINA steps 4/5, (2019) the medium-dose ICS-LABA cohort. -High ICS/LABA: 26.1%

HER data newly initiated with Overall rate: 15.2%

medium dose
ICS/LABA (n=22,229)
or high dose
ICS/LABA (n=16,575),
no diagnosis of
COPD or Cystic
fibrosis

CE: Date of treatment
initiation

Maximum follow-up: 12
months

BTS: British Thoracic society; ICS: Inhaled corticosteroids; CE: Cohort entry; FDC: Fixed dose combinations; LABA: Long-acting beta2-agonists; LAMA: Long-acting muscarinic
agents; LTRA: Leukotriene Receptor Antagonists; NHLBI: National Heart, Lung, and Blood Institute; SABA: Short-acting Beta2-agonists; SIGN: Scottish Intercollegiate Guideline

Network

*For this study, rates were recalculated since results in article described how patients transitioned from one treatment step to another within 6-month intervals. The results
presented in the above table describe the overall rate of patients whose treatment was escalated, according to initial treatment step
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Table 2. Rate of treatment escalation, according to treatment step at cohort entry

Rate of treatment escalation per 100 person-years (95% confidence interval)

Follow-up period

Treatment at baseline

0 to 6 months

7 to 12 months

13 to 24 months

2

56.1 (51.3 - 60.8)

35.34 (31.07 - 39.61)

25.0 (22.0 - 27.9)

3 21.9(21.1-22.8) 17.81 (17.02 - 18.6) 15.7 (15.1 - 16.3)
4a 16.2 (15.6 - 16.8) 10.8 (10.3 - 11.4) 8.7(8.3-9.1)
ab 18.0 (16.9 - 19.0) 11.9 (11.0 - 12.8) 8.6 (8.0-9.2)
5a 10.9 (9.8 - 12.1) 8.8(7.7-9.9) 5.8 (5.1 - 6.5)
5b 15.2 (12.8 - 17.6) 9.4 (7.4 -11.4) 7.3(6.0-8.7)

Other treatments

31.7(29.1 - 34.3)

21.6 (19.3 - 23.9)

14.6 (13.2 - 16.1)

Table 3. Transition of treatment steps, among individuals whose asthma treatment was escalated in the two years following cohort entry

Treatment escalated: number of patients (%)
2 3 4a 4ab 5a* 5b* Other
treatments
2 342 398 252 23 6 39
(32.6) | (37.3) |(23.6) |(22) |(0.6) |(3.7)
3 5811 1136 252 113 154
(77.8) | (15.2) |(3.4) |(15) | (2.1)
4a 4715 1132 249 232
(74.5) | (17.9) | (3.9) | (3.7)
Treatment | 4p 2147 224 155
at baseline (85.0) | (8.9) (6.1)
5a 492 210 130
(59.1) | (25.2) | (15.6)
5b 317 40
(88.8) | (11.2)
Other 5 119 225 217 22 718
treatments (0.4) (9.1) (17.2) | (16.6) | (1.7) (55.0)

*Patients who remained in steps 5a or 5b, but whose treatment was escalated
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4.4.1 Fourth Article: Supplementary Materials

Development of an Asthma Treatment Escalation Operational Definition
Adapted to Healthcare Administrative Databases: A Delphi Study

Electronic supplementary materials

S1 Literature review
S1.1
S2 Asthma population based-cohort study
$2.1 Information on healthcare claims database used in analysis
S2.3 Eligibility criteria
S2.4 Treatment ascertainment at baseline (cohort entry)
S2.5 Identification of treatment escalation episodes
$2.6 Flow diagram of cohort selection
S2.7 Baseline characteristics of cohort subjects
$2.8 Cohort Analysis: List of treatments identified at baseline
$2.9 Cohort Analysis: List of treatment escalation episodes identified at follow-up
$2.10 Distribution of steps, according to developed treatment escalation definition during Delphi
study, at baseline and at follow-up
S3 Delphi Structured Questionnaires
$3.1 Questionnaire Round 1
$3.2 Questionnaire Round 2

S$3.3 Questionnaire Round 3
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S1. Literature review

$1.1 Electronic search strategy

MEDLINE

CONCEPTS

Treatment escalation

Electronic healthcare data

Asthma

("Dose-Response
Relationship, Drug"/
or ((treatment? or
dose? Or dosage? Or
care) adjl (modif* or
intensif* or escalat*
or step™ or pattern?
Or regimen?)).tw,kw.
)
or (ICS adj3 (dose? Or
dosage?)).tw,kw. or
(Drug Dose-
Response?).tw,kw. or
(step* ADJ (up or
down or wise or
level?)).tw,kw.) or
(((BTS adj SIGN) or
GINA or ATS or CTS
or JSA or NHLBI or
"Japanese Society of
Allergology" or
"national heart lung
and blood institute"
or "British thoracic
society" or "Global
initiative for
asthma") ADJ5
(guideline? Or
guidance? Or step*
OR Best
Practice?)).tw,kw)

(Health Information Systems/ or exp
Medical Records Systems, Computerized/
or exp Medical Records/ or Insurance,
Pharmaceutical Services/ or Health
Expenditures/ or exp Asthma/ec, ep, sn
or exp Economics/) OR (cohort analysis/
or cohort studies/ or longitudinal studies/
or follow-up studies/ or retrospective
studies/ or "Observational Studies as
Topic"/ or Observational Study.pt.) or
(((administrative or medico-
administrative or health or medical or
pharmaceutical or drug or insurance)
ADJ1 (data or code? or coding or codif*
or claim? or study or studies)).tw,kw. or
(pharmacy claim?).tw,kw.)

((EMR or ((Medical or patient or health or
pharmaceutical) adj (Record? Or data)) or
((Health or medical) adj Information
System?)).tw,kw.

Medicare or ((drug or medication or
Pharmac* Service? Or Prescription) adj1
(claim? Or plan? Or insurance?)).tw,kw.)
OR (((insurance or claim?) Adj
database?).tw,kw.) OR ((cohort or
longitudinal or retrospective or incidence
or "real-life" or "real-world” or reallife or
realword or ((Follow-Up or FollowUp) adj
(study or studies))).tw,kw.) OR ((((Health
or healthcare or Medical Care or
Treatment or drug) adj (Expenditure? Or
spending or cost?)) or economics).tw,kw.)

(exp Asthma/ OR (Asthma* OR
Bronchospasm®* OR Bronchial
Spasm? ) or (bronch* adj3
spasm*).tw,kw.) or

(asthma* or antiasthma* or
anti-asthma* or wheez* or
bronchospas* or
bronchoconstrict*).tw,kw.) or
(((Respiratory ADJ (Sound? OR
Hypersensitivit*)) or (bronch*
adj3 spasm*) or (bronch* adj3
constrict™) or ((bronchial* or
respiratory or airway* or lung*)
adj3 (hypersensitiv* or
hyperreactiv* or allerg* or
insufficienc*)) or ((dust or
mite*) adj3 (allerg* or
hypersensitiv*))).tw,kw.)
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EMBASE

CONCEPTS

Treatment escalation

Electronic healthcare data

Asthma

((treatment? or
dose? Or dosage?)
adjl (modif* or
intensif* or escalat*
or step* or pattern?
Or regimen?).tw,kw.)
Or

((1CS adj3 (dose? Or
dosage?)).tw,kw.) Or
((Drug Dose-
Response?).tw,kw.)
OR

((step* ADJ (up or
down or wise or
level?)).tw,kw.) OR
(((BTS adj SIGN) or
GINA or JSA or NHLBI
or "Japanese Society
of Allergology" or
"National Heart Lung
and Blood institute"
or "British Thoracic
Society" or "Global
Initiative for
Asthma") ADJ5
(guideline? Or
guidance? Or
step*)).tw, kw.

(exp "billing and claims"/ OR medical
information system/) or (cohort analysis/
or longitudinal study/ or follow-up/ or
retrospective study/ or observational
study) or

(((administrative or medico-
administrative or health or medical or
pharmaceutical or drug or insurance)
ADJ1 (data or code? or coding or codif*
or claim? or study or studies)).tw,kw. or
(pharmacy claim?).tw,kw.) or ((EMR or
((Medical or patient or health or
pharmaceutical) adj (Record? Or data)) or
((Health or medical) adj Information
System?)).tw,kw.)) or (Medicare or ((drug
or medication or Pharmac* Service? Or
Prescription) adj1 (claim? Or plan? Or
insurance?)).tw,kw.) or (((insurance or
claim?) Adj database?).tw,kw.) or
((cohort or longitudinal or retrospective
or incidence or "real-life" or "real-world"
or reallife or realword or ((Follow-Up or
FollowUp) adj (study or studies))).tw,kw.)
or ((((Health or healthcare or Medical
Care or Treatment or drug) adj
(Expenditure? Or spending or cost?)) or
economics).tw,kw.)

(asthma*.tw, kw.or
bronchospas*.tw,kw. or
(bronch* adj3 spasm*).tw,kw.)
OR

((asthma* or antiasthma* or
anti-asthma* or wheez* or
bronchospas* or
bronchoconstrict*).tw,kw.)) OR
(((Respiratory ADJ (Sound? OR
Hypersensitivit*)) or (bronch*
adj3 spasm®*) or (bronch* adj3
constrict*) or ((bronchial* or
respiratory or airway* or lung*)
adj3 (hypersensitiv* or
hyperreactiv* or allerg* or
insufficienc*)) or ((dust or
mite*) adj3 (allerg* or
hypersensitiv*))).tw,kw.)
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All EMB reviews and Global Health

CONCEPTS

Treatment escalation

Electronic healthcare data

Asthma

((treatment? or dose? or
dosage?) adj1 (modif* or
intensif* or escalat* or
step* or pattern? Or
regimen?).tw,kw.) or
((I1CS adj3 (dose? Or
dosage?)).tw,kw.) or
((Drug Dose-
Response?).tw,kw.) or
((step™ ADJ (down or wise
or level?)).tw,kw.) or
((((BTS adj SIGN) or GINA
or JSA or NHLBI or
"Japanese Society of
Allergology" or "National
Heart Lung and Blood
Institute" or "British
Thoracic Society" or
"Global Initiative for
Asthma") ADJ5 (guideline?
Or guidance? Or
step*)).tw,kw.)

(((administrative or medico-administrative or
health or medical or pharmaceutical or drug or
insurance) ADJ1 (data or code? or coding or
codif* or claim? or study or studies)).tw,kw. or
(pharmacy claim?).tw,kw.) or

((EMR or ((Medical or patient or health or
pharmaceutical) adj (Record? Or data)) or
((Health or medical) adj Information
System?)).tw,kw.) or

(Medicare or ((drug or medication or Pharmac*
Service? Or Prescription) adjl (claim? Or plan?
Or insurance?)).tw,kw.) or

(((insurance or claim?) Adj database?).tw,kw.
(cohort or longitudinal or retrospective or
incidence or "real-life" or "real-world" or reallife
or realword or ((Follow-Up or FollowUp) adj
(study or studies))).tw,kw.) or

((((Health or healthcare or Medical Care or
Treatment or drug) adj (Expenditure? Or
spending or cost?)) or economics).tw,kw.)

(asthma*.tw,kw.or
bronchospas*.tw,kw. or (bronch*
adj3 spasm®*).tw,kw.) or

((asthma* or antiasthma* or anti-
asthma* or wheez* or
bronchospas* or
bronchoconstrict*).tw,kw.) oR
(((Respiratory ADJ (Sound? oR
Hypersensitivit*)) or (bronch* adj3
spasm®*) or (bronch* adj3 constrict*)
or ((bronchial* or respiratory or
airway* or lung*) adj3
(hypersensitiv* or hyperreactiv* or
allerg* or insufficienc*)) or ((dust or
mite*) adj3 (allerg* or
hypersensitiv*))).tw,kw.)
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CINHAL

CONCEPTS

Treatment escalation

Electronic healthcare data

Asthma

TX ( (("treatment" or
“dose” or “dosage”) N1
("modif*" or "step" or
"escalat*" or "pattern*"
or "regimen*"))) ) OR AB (
("ICS" N3 ("dose*" or
"dosage*")) ) OR TX (
("step" N1 ("down" or
"wise" or "level*")) ) OR
TX ("BTS" N1 "SIGN" OR
"GINA" or "JSA" OR
"NHLBI" OR "Japanese
Society of Allergology" OR
"National Heart Lung and
Blood Institute" OR
"British Thoracic Society"
OR (("Global Initiative for
Asthma") N5 ("guideline*"
or "guidance*" or
"step*")))

TX ( (MH "Epidemiological Research") OR (MH
"Retrospective Design") ) OR TX (
((“administrative” or “medico-administrative” or
“health” or “medical” or “pharmaceutical” or
“drug” or “insurance”) N1 (“data” or “code*” or
“coding” or “codif*” or “claim*” or “study” or
“studies”)) Or “pharmacy claims” ) OR TX (
“EMR” OR ((“medical” or “pharmaceutical” or
“patient”) N1 (“Record*” OR “data”)) OR
(“(health” or “medical”) N1 “information
system*”)) ) OR TX ( “Medicare” OR ((“drug” or
“medication” or “pharmac* service*” or
“prescription” ) N1 (“claim*” Or “plan*” Or
“insurance*”)) ) OR TX ( “insurance” N1
“database” OR “claim*” N1 “database” ) OR TX (
“cohort” or “longitudinal” or “retrospective” or
“incidence” or "real-life" or "real-world" or
“reallife” or “realworld” OR ((“follow-up”or
"followup") N1 (“study” or “studies”)) )

AB ( “asthma*” or “broncospas*” Or
“bronch* N3 “spasm*” OR (MH
"Asthma+") ) OR AB ( “asthma*” or
“antiasthma*” or “anti-asthma*” or
“wheez*” or “bronchospas*” or
“bronchoconstrict*” ) OR AB (
“Respiratory” N1 (“sound*” OR
“hypersensitivit*”) OR (“bronch*”
N3 “constrict”) OR ((“bronchial*” or
“respiratory” or “airway*” or “lung”)
N3 (“hypersensitiv*” or
“hyperreactiv*” or “allerg*” or
“insufficienc*”)) OR ((“dust” or
mite”) N3 (“allerg*” or
“hypersensitiv*"”)) )
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$1.2 Systematic review methods

Eligibility criteria:

e Study population: Adults with asthma

e Design: Observational studies which used electronic health data (administrative databases or
electronic health records databases)

e Outcome of interest: Treatment escalation for asthma definitions and treatment escalation rates.

o Studies categorizing therapies according to treatment guidelines (treatment steps)
without providing a definition of treatment escalation were excluded. This is because we
were interested in examining which transitions between treatment steps constituted a
treatment escalation; further, treatment escalation rates were an outcome of interest in
this review.

e Time frame: 1996 - present

Screening

e All titles and abstracts were independently screened by two investigators (AY, RFD).

e Original research papers which fit the pre-specified eligibility criteria identified by either reviewer
were then assessed in full text.

e For each retained study, two reviewers (AY, RFD) independently extracted the relevant
information using a standardized data abstraction form and disagreements were resolved by
consensus or by a third reviewer (AF), when necessary.

e Data elements of interest included study and population characteristics, as well as treatment
escalation definition and rates. The Covidence systematic review software was used to assist in

the screening and data extraction processes.
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S2 Asthma population-based cohort study

$2.1 Information on healthcare claims database used in analysis

The Asthma and COPD patients with Public drug Insurance (ACPI) database

The ACPI database was formed by linking two administrative databases from the Canadian province of
Quebec: 1) The Régie de I'assurance maladie du Québec (RAMQ) medical service database; and 2)
Maintenance et exploitation des données pour I'étude de la clientéle hospitaliere (MED-ECHO)

hospitalization database.

The RAMQ database collects data on medical services provided by physicians in private clinics, outpatient
clinics, ED or hospitals for all Quebecers (fee for service) and medications dispensed in community
pharmacies for Quebecers who are covered by the RAMQ Drug Insurance Plan, which represents 90% of
elderly, 1.8 million people <65 years old with no access to a drug insurance plan at work, and individuals
receiving social assistance.

(ref: https://www.ramg.gouv.gc.ca/en/citizens/prescription-drug-insurance)

The MED-ECHO database covers all residents of Quebec and records data on acute care hospitalizations.
The ACPI database contains detailed information on prescribed medications filled at community
pharmacies, ambulatory medical visits, ED visits, hospitalizations, date of death (when applicable), age

and sex for all asthma and COPD patients covered by the RAMQ Drug Insurance Plan.
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$2.3 Eligibility criteria
e To have an asthma diagnosis, defined by at least one hospitalization with a diagnosis of asthma in
the MED-ECHO database or two ambulatory medical visits with a diagnosis of asthma within two
consecutive years recorded in the RAMQ database between January 1, 2002 and December 31,
2015.
e To have a dispensed new prescription for a controller medication. The date of dispensing of this
controller medication will be referred hereafter as AsthmaRx.
e The date of cohort entry (CE) corresponds to the date of dispensing of the earliest new prescription
for a controller medication that meets the following criteria:
o No COPD diagnosis in the two years prior to AsthmaRx
o To be covered by the RAMQ drug insurance in the year prior to AsthmaRx
o To be 218 years old at AsthmaRx
o No dispensing of a long-acting muscarinic agents (LAMA) or on LAMA/Long-acting beta2-
agonist dual therapy (LAMA-LABA) in the 90 days prior to AsthmaRx, as these treatments
are typically given to COPD patients.
o No filled controller medications in the year prior to AsthmaRx other than the ones filled at

AsthmaRx and in the 90 days prior to this date.
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$2.4 Treatment ascertainment at baseline (cohort entry)

Figure 1 presents the method used to ascertain treatment at cohort entry (CE). Two pre-index periods
were considered: 1) 90 days prior to CE (pre-index period 1); 2) period spanning between 365 days prior
to CE and pre-index period 1 (pre-index period 2).

A subject’s baseline treatment corresponded to all treatments dispensed at CE, in addition to all
prescriptions of other controller medications that were dispensed in pre-index period 1. This approach
was used for patients who were on multiple controller therapy, but who may not necessarily fill all their
prescriptions on the same day.

In addition, to minimize misclassification with respect to treatment, patients were required to not have

controller medications in pre-index period 2, other than the ones dispensed at CE and on pre-index period

1.
Pre-index period 2 Pre-index period 1
In pre-indexperiod 2, all This period was used to
subjects who have capture all controller
dispensed controller medications that were -
oo X R New prescription
medications other than dispensed for subjects foracoiitiolier
the ones dispensedin who are on multiple medication
pre-index period 1 and combination period
on the date of cohort
entry were excluded
- 365 days - 90 days

Figure S2.1. Treatment ascertainment at cohort entry
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$2.5 Identification of treatment escalation episodes

Figure 2 below illustrates how treatment escalation episodes were identified. Each time a patient fills a
prescription for a controller medication during follow-up, a period of 90 days was applied following the
date of this prescription to ascertain new treatment. A subjects’ treatment on this date will correspond
to all controller medications filled on this date, as well as all other controller medications dispensed in the
90-days period after this date. If the treatment change did not result in a treatment escalation, then

follow-up will resume.

IF YES: STOP follow-up

IF NO:
Apply treatment escalation Cont.inue follow-up until the
operational definition developed earliest event of one of the
during Delphi process following events:

—— * Treatment escalation
! - * Death
escalatlon? * End of RAMQdrug

coverage
New prescription * End of study (December
for a controller 31st, 2016)

medication

Prescription of an asthma
controller medication
>

Potential treatment
escalation

Figure S2.2. Identification of treatment escalation during follow-up
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$2.6 Flow diagram of cohort selection

Identification of new prescriptions for an asthma
controller therapy (potential CE dates)
(n=1 114 330)

Exclusion of potential CE dates

= COPD diagnosis in the prior two years (n=421,504)

= No continuous RAMQ drug coverage in the prior year (n=
13,831)

= Prescriptions of LAMA or LAAC-LAMA in the prior 90 days
(n=7,097)

= Filling of controller medications in the prior year, other than
the ones filled at potential CE date and in the 90 days prior to
the potential CE date (n=66,3160)

= Cohort exit at the date of potential CE date (n=506)

Eligible potential CE dates
(n=625,672)

Identification of earliest CE date for each subject
(n=90,567)

Figure S2.3. Flow diagram of cohort selection

Abbreviations: CE: Cohort Entry; LABA: Long-acting beta2-agonists; LAMA: Long-acting muscarinic agents; RAMQ:
Régie d’assurance maladie du Québec
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$2.7 Baseline characteristics of cohort subjects

Table S2.7 Baseline characteristics of cohort subjects
Characteristics

No treatment escalation

Treatment escalation

(n=70 410) (n=20 157)
Patient characteristics, n(%)*
Age (years)
218-40 17 246 (24.5) 4 078 (20.2)
>40-65 27 082 (38.5) 8078 (40.1)
>65-80 21007 (29.8) 6 495 (32.2)
>80 5065 (7.9) 1506 (7.5)
Female 46 071 (65.4) 13 225 (65.6)
Atopy 7057 (10.0) 2 156 (10.7)
Presence of comorbidity, other than asthma, for which OCS
maintenance therapy is common 3992 (5.7) 1323 (6.6)
Follow-up duration, mean  sd 641.6 £ 189.5 693.3+114.9

Asthma-related variables

Treatment at cohort entry
ICS monotherapy

36 203 (51.4)

10331 (51.3)

ICS/LABA 14 589 (20.7) 3530(17.5)
ICS + ICS/LABA 4 067 (5.8) 1165 (5.8)
ICS/LABA + LAMA 2 827 (4.0) 471 (2.3)
ICS/LABA + LTRA 2 637 (3.8) 779 (3.9)
ICS +LTRA 2760 (3.9) 965 (4.8)
LTRA 806 (1.1) 672 (3.3)
ICS + LAAC 922 (1.3) 428 (2.1)
ICS + ICS/LABA + LTRA 792 (1.1) 241 (1.2)
Other treatment combinations** 4807 (6.9) 1575 (7.8)
Prescribed ICS daily dose at cohort entry
Low 1007 (1.5) 893 (4.6)
Medium 37 146 (53.6) 12 394 (64.4)
High 27 810 (40.1) 5152 (26.8)
Very high 3360 (4.9) 805 (4.2)

Specialty of prescriber at cohort entry
General practitioner
Pulmonologist
Other
*unless otherwise specified
** Each other treatment combination represents <1%

49 693 (70.6)
16 704 (23.7)
4013 (5.7)

13 553 (67.2)
5393 (26.8)
1211 (6.0)

Abbreviations: ICS: Inhaled corticosteroids; LABA: Long-acting beta2-agonists; LAMA: Long-acting muscarinic agents;
LTRA: Leukotriene receptor antagonist; OCS: Oral corticosteroids; Theo: Theophylline
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$2.8 Cohort Analysis: List of treatments identified at baseline

Table S2.8 Treatments identified at baseline

Treatment step* Cumulative prescribed Treatment at baseline n %
daily ICS dose**

3 Medium ICS 26 441 29.2
4a High ICS 18 154 20.0
4a Medium ICS-LABA 11949 13.2
4b High ICS-LABA 5120 5.7
4a Medium ICS+ICS-LABA 2195 2.4
4b Medium ICS-LABA+LTRA 1970 2.2
4b High ICS+ICS-LABA 1913 2.1
4a Medium ICS+LTRA 1901 2.1
4b Medium ICS-LABA+LAMA 1637 1.8
4b High ICS+LTRA 1589 1.8
2 - LTRA 1478 1.6
5a High ICS-LABA+LAMA 1381 1.5
5a High ICS-LABA+LTRA 1236 14
9 Very high ICS 1101 1.2
5a Very high ICS+ICS-LABA 1013 1.1
2 Low ICS 838 0.9
4a Medium ICS+LAMA 700 0.8
3 Low ICS-LABA 611 0.7
4b High ICS+LAMA 573 0.6
5a V. High ICS-LABA 439 0.5
Other High ICS+THEO 409 0.5
5a Medium ICS+ICS-LABA+LTRA 401 0.4
5b Medium ICS+0CS 369 0.4
9 Medium ICS+THEO 359 0.4
4b Medium ICS+ICS-LABA+LTRA 313 0.4
5b High ICS+0CS 321 0.4
Other - THEO 303 0.3
Other V. High ICS+ICS-LABA+LTRA 303 0.3
5b Medium ICS-LABA+OCS 263 0.3
S5a High ICS-LABA+LAMA+LTRA 257 0.3
5a Medium ICS-LABA+LAMA+LTRA 234 0.3
Other V. High ICS-LABA+LAMA 232 0.3

... Each remaining treatment not listed above represent < 0.25%

*ICS dose (mcg/day, fluticasone propionate HFA equivalent): Low: £250; Medium: >250-500; High: >500-1000; Very high: >
1000. Cumulative prescribed ICS dose was measured within the 90 days prior to cohort entry.

** Step according to the treatment escalation definition developed in Delphi study

Abbreviations: ICS: Inhaled corticosteroids; LABA: Long-acting beta2-agonists; LAMA: Long-acting muscarinic agents; LTRA:

Leukotriene receptor antagonist; OCS: Oral corticosteroids; Theo: Theophylline
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$2.9 Cohort Analysis: List of treatment escalation episodes identified at follow-up

Table S2.9 Treatment escalation events identified during follow-up (95% of cohort)

Treatment step

4a
4b
4a
4ab
5a
4b
4a
4b
4b
5a
5a
ab
5a
4a

5a
4a
Other
5a
5b

5a
Other
Other
5b
Other
4b
4b
Sb
Sb

5b

5a
5b

5b

Cumulative
prescribed daily ICS
dose**

High
High
Medium
High
Very high
Medium
Medium
Medium
High
High
High
High
High
Medium
Medium
Very high
High
Medium
Very high
Medium

Medium

High
High
Medium
Medium
Medium
Medium
Medium
High
Medium

Medium

High
High

High

Treatment at escalation event

ICS

ICS+ICS-LABA
ICS-LABA

ICS-LABA
ICS+ICS-LABA
ICS-LABA+LTRA
ICS+LTRA
ICS-LABA+LAAC
ICS+LTRA
ICS-LABA+LAAC
ICS-LABA+LTRA
ICS+LAAC
ICS+ICS-LABA+LTRA
ICS+LAAC

ICS
ICS+ICS-LABA+LTRA
ICS+ICS-LABA+LAAC
ICS+ICS-LABA
ICS+ICS-LABA+LAAC
ICS-LABA+LAAC+LTRA

ICS-LABA+ OCS maintenance
therapy
ICS-LABA+LAAC+LTRA

ICS+THEO

ICS+THEO

ICS+ OCS maintenance therapy
ICS-LABA+THEO
ICS+ICS-LABA+LTRA
ICS+ICS-LABA+LAAC

ICS+ OCS maintenance therapy

ICS-LABA+LAAC+ 0ocs
maintenance therapy
ICS-LABA+LTRA+ 0ocs
maintenance therapy
ICS+LAAC+LTRA

ICS-LABA+ OCS maintenance
therapy

ICS-LABA+LAAC+ 0Cs

maintenance therapy

210

3292
1814
1552
1421
1284
901
777
740
737
659
621
461
441
369
354
331
299
284
281
274
163

157
138
138
128
96
92
88
88
72

72

71
63

62

%

16.3
9.0
7.7
7.1
6.4
4.5
3.9
3.7
3.7
3.3
3.1
23
2.2
1.8
1.8
1.6
1.5
1.4
1.4
1.4
0.8

0.8
0.7
0.7
0.6
0.5
0.5
0.4
0.4
0.4

0.4

0.4
0.3

0.3



Treatment step Cumulative Treatment at escalation event n %
prescribed daily ICS

dose**
Other Medium ICS-LABA+LTRA+THEO 61 0.3
Other High ICS+LTRA+THEO 59 0.3
Other Medium ICS-LABA+LAAC+THEO 55 0.3

... Each remaining treatment not listed above represent < 0.25%

*|CS dose (mcg/day, fluticasone propionate HFA equivalent): Low: £250; Medium: >250-500; High: >500-1000; Very high: >
1000

** Step according to the treatment escalation definition developed in Delphi study

Abbreviations: ICS: Inhaled corticosteroids; LABA: Long-acting beta2-agonists; LAMA: Long-acting muscarinic agents; LTRA:

Leukotriene receptor antagonist; OCS: Oral corticosteroids; Theo: Theophylline
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$2.10 Distribution of steps, according to developed treatment escalation definition during Delphi

study, at baseline and at follow-up

Table $2.10.1 Distribution of treatment steps at baseline
Treatment step

2

3

43

4b

5a

Sb
Other

2316
27254
34899
13335
6441
2234
4088

%
2.6
30.1
38.5
14.7
7.1
2.5
4.5

Table $2.10.1 Distribution of treatment steps among subjects whose treatment was escalated

Treatment step
3

4a

4b

5a

5b

Other

n
353
6328
6328
4263
1141
1468
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%
1.8
31.8
31.8
214
5.7
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S3 Delphi Structured Questionnaires

$3.1 Questionnaire Round 1

Thank you for your participation in this first round of the Delphi study which aims to develop an
operational definition of treatment escalation (intensification) in asthma that can be applied to
healthcare administrative data, including data on prescriptions filled in community pharmacies
(pharmacy claims data).

Consensus among experts on the treatment escalation definitions will be achieved via an iterative
process consisting of three rounds of structured online questionnaires. During each round of consultation,
experts will be requested to rate different criteria that could be relevant to this definition.

In the first round, you will be asked general questions regarding the optimal definition of
treatment escalation that can be applied to healthcare administrative data. In the subsequent rounds,
specific criteria will be established and the definition will be refined until a consensus among experts will

be achieved. Definitions will only be constructed for adult populations.

Please note that the questionnaire has 6 questions.

The following variables are typically found in healthcare administrative databases. These variables are

thus available to establish the definition:

e Generic name of the medication and device

e Medication class

e Medication form

e Quantity dispensed (including number of doses per device)
e Medication dispensing date

e Medication potency
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A systematic literature review was previously conducted to identify how treatment escalation in
asthma was defined in studies which used healthcare administrative data. Most studies were
published in the last five years, indicating that there is an emergent trend to study treatment
escalation and related outcomes in asthma patients in the real-world setting. Of note, the definitions

of treatment escalation in asthma differed widely from one study to another.

Specifically, two main types of definitions were used:

1. FIRST DEFINITION: Transition to a higher step, defined in accordance to clinical treatment

guidelines (link to guidelines was provided)

2. SECOND DEFINITION: Evidence of either:
i Inhaled corticosteroids (ICS) or ICS-containing therapy dose increase;
ii.  Treatment switch (interclass and intraclass);

iii. Add-on of another controller medication.
When completing the questionnaire, please bear in mind the important distinctions between these

two definitions. The majority of the questions will evaluate the expert panel’s preferences and level

of agreement with these two definitions.
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1) To which extent do you agree with the first definition to identify treatment escalation, i.e.

Transition to a higher step, defined in accordance to clinical treatment guidelines.

O

O O O O

Strongly agree

Agree

Neither agree or disagree
Disagree

Completely disagree

If you have answered strongly agree or agree, which treatment guideline(s) (and year) should be

used to reflect today’s clinical practice in the Canadian population?

If you did not answer "strongly disagree" or "agree", please justify your choice.
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2)

For the second definition to identify treatment escalation, please indicate your level of

agreement with each of the following criteria:

Strongly
agree

Agree

Neither
agree or
disagree

Disagree

Completely
disagree

Evidence of either ICS or ICS-
containing therapy dose increase

A treatment switch between
medications belonging to the same
pharmacological class (e.g. a switch
from fluticasone propionate HFA to
budenoside or a switch from
mepolizumab to dupilumab)

A treatment switch between
medications belonging to different
classes (e.g. switch from an
ICS/long-acting B2 agonist
combination therapy.

Add-on of another controller
medication to the existing therapy,
i.e. the number of controller
medications increases overall for a
patient.
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3) Which definition is the most appropriate to use in healthcare administrative databases?
o First definition, presented in questionl
o Second definition, presented in question 2:

o None of the above (please provide an alternate definition):

4) s there a possibility of treatment escalation in patients who are on a biologic therapy (e.g.
omalizumab, dupilumab)?
o Yes
o No

If you answered yes, please provide details on therapy:

5) Identifying oral corticosteroid maintenance therapy for severe asthma can be challenging, since we
do not have access to drug indication in healthcare administrative databases. Indeed, oral

corticosteroids may be used to treat acute exacerbations or to treat conditions other than asthma.

Given these limitations, what would be the most appropriate method to identify patients on oral
corticosteroid maintenance therapy for asthma in healthcare administrative databases? More than

one option can apply.

A) Require a regular use of low-dose oral corticosteroids for a specific time period.

O B)Exclude individuals who have conditions for which long-term use of oral corticosteroids
is common or is the mainstay therapy (e.g. scleroderma, systemic vasculitis, multiple
sclerosis, Crohn’s disease, rheumatoid arthritis, organ transplantation)

O C) Other (please specify):

If you answered A, please propose a definition on how we could identify oral corticosteroid
maintenance therapy for severe asthma in administrative databases. For example, one study in the

literature required that a patient dispenses at least one 30-day prescription of an oral corticosteroid
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over a one-year period whereas another study required a total supply of at least 60 days within a 6-

month period.

If you answered B, please answer the question below:

Table 1 presents a list of diseases and disorders for which long-term use of oral corticosteroids is
common or is the mainstay therapy. This list was obtained from a literature review: Please select all
the diseases/disorders for which oral corticosteroids are the mainstay therapy, to the best of your

knowledge.
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Table 1. List of diseases for which long-term use of oral corticosteroid is common
Field of medicine Diseases/disorders

Allergy and pulmonology Severe asthma

Interstitial lung disease
Atopic dermatitis
Urticaria/angioedema
Anaphylaxis

Nasal polyps
Hypersensitivity pneumonitis
Sarcoidosis

Acute and chronic eosinophilic
pneumonia

Dermatology Scleroderma

Pemphigus vulgaris

Contact dermatitis
Endocrinology Adrenal insufficiency
Congenital adrenal
hyperplasia
Gastroenterology Ulcerative colitis

Crohn’s disease
Autoimmune hepatitis
Lymphoma/leukemia
Hemolytic anemia

Idiopathic thrombocytopenic
purpura
Rheumatology/immunology | Rheumatoid arthritis
Systemic lupus
erythematosus

Polymyalgia rheumatica
Polymyositis/dermatomyositis
Polyarteritis

Vasculitis

Ophthalmology Uveitis

Keratoconjunctivitis

Other Multiple sclerosis

Organ transplantation
Nephrotic syndrome

Chronic active hepatitis
Cerebral edema

Ooo|ioioooog|o

Ooo|io|io|io

Ogo|o|o|io|io

O

O

Oooiooogo|o|o|io|io
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6)

To your knowledge, are there any diseases in Table 1 for which oral corticosteroid is not the
mainstay therapy?
o Yes

o No

If you answered No, please indicate the disease(s) in Table 1 for which oral corticosteroid use is

not common or is not the mainstay therapy:

To your knowledge, are there other diseases for which long-term use of oral corticosteroids is

common or is the mainstay therapy that are not listed in Table 1?

Seasonal fluctuations may lead to treatment escalation to prevent or treat uncontrolled asthma.

Using healthcare administrative data, how would you identify treatment escalation due to

seasonal fluctuations of asthma?

Is there any other context in which treatment escalation should be considered, other than
uncontrolled asthma (high use of short-acting beta2-agonists, exacerbations) and seasonal

fluctuations?
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$3.2 Questionnaire Round 2

PART I: ASTHMA TREATMENT ESCALATION

In the previous round of consultations, two main definitions were proposed to identify asthma treatment
escalation:
The FIRST DEFINITION was Transition to a higher step, defined in accordance to clinical treatment

guidelines [such as Global Initiative for Asthma (GINA)];

70% of participants preferred this definition, with a level of agreement of 4.2 + 0.6 (5=completely

agree; 1= completely disagree).

For the SECOND DEFINITION, the following two criteria had the highest level of agreement among
participants:

e Evidence of either ICS or ICS-containing therapy dose increase; mean rating: 4.7 £ 0.5

¢ Add-on of another controller medication to the existing therapy (of different pharmacological

classes); mean rating: 4.6 £ 0.7

Indeed, participants generally preferred the first definition because it is clinically intuitive and adapted to
the patients’ level of disease control. However, many experts pointed out the limitations of this definition.
Namely, steps are not always followed in clinical practice and developing a claims-based algorithm that
takes into consideration GINA guidelines may be challenging due to the limitations of pharmacy claims
data. Accordingly, we propose to combine the first and second definitions, but to adapt them to ensure

to that all treatment possibilities are considered.
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Development of Treatment Escalation Algorithm

To identify all treatment possibilities, we constructed a cohort of over 80, 000 individuals with asthma
who were prescribed at least one respiratory controller medication using Quebec healthcare

administrative databases. Over 250 different treatments were identified between 2006 and 2016.

The next two sections present the proposed treatment escalation algorithm.

CATEGORIZATION OF TREATMENTS

Treatments will be categorized in accordance with a modified version of GINA 2019 treatment steps, as
presented in Figure 1 below. Treatments that do not fit these steps will be referred to as “other
treatments”; these treatments are less common and represent less than 5% of our cohort.

All treatments outlined in Figure 1, including “other treatments”, will be taken into account in the

proposed treatment escalation algorithm presented in the next section.

Step 4 and 5 were modified and split into two parts each to take into

The current guidelines encourage the use of as- account the different possibilities of treatment add-ons and to distinguish
needed low dose budesonide (ICS)-Formoterol
(LABA) (Symbicort®) or low dose ICS a
short-acting beta-agonists (SABA) is taken, as the
preferred reliever controller therapy in mild

patients with severe asthma.

-asthma. However, our cohort period is from 2006 Step 5a
2016. Thus, we had little opportunities to identify #
such treatments, which is a limitation of our study. Step 4
Step 4a Medium dose ICS
Medium dose ICS + 3 other
Step 3 Medium dose + 2 other controllers®
le3 controllers®
Step 2 Low dose ICS + +1 other &R
* OR
1 other controller el
Step 1 Low dose . .
IcS OR OR High dose ICS High dose ICS
No daily + 1 other + at least 2 other
controller OR Rledimplio=slc High dose ICS controller® controllers®
therapy .
LTRA I
*0ther controller therapies: § Other controller therapies:
LTRA or LABA LTRA, LABA or Tiotropium

Other treatments
Treatments that are less frequently prescribed. Examples are presented below:

® Any theophylline-containing therapy

e LTRA + at least 1 other controller therapy (besides ICS)

® Low dose ICS + at least 2 other controller therapies (e.g. Low dose ICS + LABA + LTRA)

Figure 1. Proposed treatment escalation steps, adapted from the GINA 2019 guidelines.
Abbreviations: ICS: Inhaled corticosteroids; LABA: Long-acting beta2-agonist; LTRA: Leukotriene receptor antagonist
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Treatment escalation will be identified by comparing the initial treatment at baseline and the subsequent
new treatment and will be defined according to three different options presented below.
In these options, treatment steps correspond to those that were adapted from the GINA 2019 guidelines

(Figure 1).

1. Treatment escalation based on a transition to a higher treatment step

When the initial treatment and the new treatment both correspond to one of the treatment steps
that were adapted from the GINA 2019 guidelines, treatment escalation will be defined as a transition
to a higher treatment step. See example 1 below.

2. Treatment escalation based on add-on of another controller therapy in individuals on steps 5a or
5b

Among individuals who remain in steps 5a or 5b after an add-on of a new controller therapy, such

prescription change will constitute a treatment escalation. See example 2 below.
3. Treatment escalation based on an ICS dosage increase or add-on of another controller therapy

when at least one of the treatments do not correspond to any of the treatment steps

If either the initial treatment or the new treatment does not correspond to any of the treatment
steps that were adapted from the GINA 2019 guidelines (see “other treatments” in Figure 1),
treatment escalation will be defined as any evidence of an ICS-dose increase or an add-on of another

controller therapy. See example 3 below.
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Table 1. Examples of treatment escalation scenarios

Example |Initial treatment New Treatment
1 Medium dose ICS + LABA + LABA
(step 4a) (step 4b)

High dose ICS/LABA + tiotropium + High dose ICS/LABA +
low dose OCS maintenance therapy tiotropium + low dose OCS

2 (step 5b) maintenance therapy
(step 5b)
Low dose ICS/LABA Low dose ICS/LABA
(step 3) (defined as “other treatments”)
3 Low-dose ICS + Theophylline
(defined as “other treatments”) Theophylline

(defined as “other treatments”)

1. Do you agree with this proposed treatment escalation algorithm?
O YES
O NO

Please provide any comments you may have:

Treatment
escalation?

YES

YES

YES

YES
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ORAL CORTICOSTEROIDS AS MAINTENANCE THERAPY FOR SEVERE ASTHMA

In the first round of consultations, the following definitions were proposed to identify oral corticosteroid
(OCS) maintenance therapy for severe asthma in the first round of consultations:
e PART A: Require a regular use of low-dose OCS for a specific time period.

e PART B: Exclude individuals who have conditions for which long-term use of OCS is common or is

the mainstay therapy. In the first round, we provided a list of these conditions that was obtained

from the literature (Liu et al. (2013) AACI, 9(1), 30).

Over 60% and 90% of respondents agreed with PARTS A and B, respectively.
PART A: The method that was most commonly proposed required that the patient has a total supply of
oral corticosteroids for at least 50% of the study period (or evaluation period). Therefore, we will retain
this definition for our treatment escalation algorithm.
We now have to determine a minimum threshold for the evaluation period. This period needs to
be short enough to be clinically significant and it cannot be too long because of the limitations of
our database. Specifically, medication dispending data may not be available for patients who have

switched to a medical drug regime that is not covered by our database.

2. Would a period of 90 days be clinically acceptable, as the minimum threshold for an evaluation
period? For example, if an individual with asthma has a total days’ supply of OCS of at least 45 days
over a 90-day period, would you consider this person to be on OCS-maintenance therapy?

O YES
O NO

If you answered No, please justify your answer and provide the minimum duration of the evaluation

period that is clinically significant.
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PART B: The panel corroborated the list of diseases that we provided in the first round for which long-
term use of OCS could be prescribed (other than severe asthma).

Therefore, it could be appropriate to exclude asthma subjects who have at least one concomitant
condition for which OCS use is common or is the main stay therapy (eg. Crohn’s disease).

However, it was pointed out that some of the diseases presented in the list may be a comorbidity of
severe asthma (e.g. interstitial lung disease (ILD), vasculitis with ILD), and it is therefore not advisable to
exclude subjects who have such conditions. Alternately, we could conduct statistical analyses that allows
to control for the presence of such diseases (statistical adjustment).

We thus propose the methods outlined below.

Table 2. Methods to control for the presence of concomitant conditions in which long-term use of OCS is
common
Exclusion of subjects who have at least one of the | Statistical adjustment in subjects who have at least

following conditions one of the following conditions
Conditions that are unlikely to be a comorbidity Conditions that that are comorbidities potentially
related to severe asthma associated with asthma

-Scleroderma
-Pemphigus vulgaris

-Adrenal insufficiency -Interstitial lung disease

-Congenital adrenal hyperplasia -Vasculitis

-Ulcerative colitis -Nasal polyps

-Crohn’s disease -Hypersensitivity pneumonitis
-Autoimmune hepatitis -Acute and chronic eosinophilic pneumonia
-Lymphoma/leukemia

-Hemolytic anemia -Atopic or contact dermatitis

-ldiopathic thrombocytopenic purpura
-Rheumatoid arthritis
-Systemic lupus erythematosus
-Polymyalgia rheumatica
-Polymyositis/ dermatomyositis
-Polyarteritis

-Vasculitis

-Uveitis

-Multiple sclerosis

-Organ transplantation
-Nephrotic syndrome

-Cerebral edema

3. Do you agree with the methods presented in Table 1?
O YES
O NO

Please provide any comments you may have:
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EVENTS ATTRIBUTABLE TO TREATMENT ESCALATION

4. Seasonal fluctuations may lead to treatment escalation to prevent or treat uncontrolled asthma.
In the previous round of consultations, the panel proposed several methods to identify

treatment escalation due to seasonal fluctuations of asthma.

Although these methods could represent plausible clinical scenarios, we propose the following
definition due to the limitations of our database:

Creation of a variable that indicates whether a medication for allergic rhinitis (e.g. nasal
corticosteroids) has been dispensed at cohort entry and during a treatment escalation event in

the follow-up.

Although this definition is limited, it will be tested in our databases in order to assess its clinical

usefulness.

Of note, it may be difficult to develop a claims-based algorithm from the other definitions
proposed by the panel. Indeed, most of these definitions require that cohort subjects have at least
2 years of medication drug insurance coverage. This may be a limiting factor, as not all individuals
in our database have 2 years of medical drug insurance coverage, namely due the occurrence of

switches to drug medical coverage regimes that are not covered by our database.

Methods proposed by the panel

1) Escalation according to the chosen definition that is not maintained all year but is recurrent
for more than 2 consecutive years

2) Use the same definition for treatment escalation (ex the GINA steps), but consider a
seasonal fluctuation escalation if the increase in treatment is over a minimum of 60 days.
Specific time periods could also be used, fall-winter vs summer;

3) Stratify data by seasons especially months where seasonal flu is common. If more
medications are used only in those months, they may not be strong indicator for severe

asthma needing medication escalation;
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4) This would need to be assessed over more than 1 year (i.e. at least 2 years with the same
pattern for a given patient). Specific periods could be identified such as the winter season
and spring. The escalation in a season would have to be followed by de-escalation in the
following season. We could also use a definition which combines the use of medications for
allergic rhinitis.

5) Dispensing of antibiotics for infections or the presence of nasal corticosteroids or anti H1

due to seasonal allergies.
Do you agree with this definition, given the limitations of our database?

O YES
O NO

Please provide any comments or suggestions you may have:
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S$3.3 Questionnaire Round 3

TREATMENT ESCALATION IN ASTHMA - Round 3

In the second round of consultations, consensus was almost achieved for the proposed definitions.

Therefore, this will be the final round of consultations.

Following this round, you may be contacted individually to confirm some aspects of the algorithm, if

necessary.

Of note, the last component of the questionnaire regarding treatment escalation due to seasonal
fluctuations will be eliminated, due to the difficulties in addressing this occurrence using data recorded
in administrative databases. For the definition of this type of treatment escalation, all the suggestions
provided by the panel will be considered and we will attempt to conduct exploratory analyses on our end

to determine which definition can be applied to our database.

Your input and feedback are greatly appreciated!
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Development of Asthma Treatment Escalation Algorithm

In the second round of consultations, we proposed a treatment escalation algorithm that was adapted
from the GINA 2019/2020 guidelines, in an effort to include all treatment possibilities in the real-world
setting.

Click here to view the proposed algorithm.

92% of the participants agreed with the proposed algorithm. However, three additional suggestions

were provided to consider all treatment possibilities:

1. Addition of azithromycin in step 5b
2. Replace Tiotropium by any long-acting muscarinic agents
3. Consider any ICS dose increase as a treatment step-up, even if the patient is already on a high
dose
For example, patients with severe uncontrolled asthma despite being on high ICS/LABA therapy can be

prescribed an additional ICS.

In the previous rounds, we suggested three levels of ICS daily dose, in accordance with current clinical

guidelines. To take into account higher doses, we suggest adding a fourth level, as presented below:

Low: < 250 mcg/day

Medium: 250-499 mcg/day

High: 500-1000 mcg/day

Very high: >1000 mcg/day

Fluticasone propionate HFA equivalent

The modified version of the GINA 2019 treatment steps is presented below (see changes highlighted in
blue)
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Step 4 and 5 were modified and split into two parts each to take into account
the different possibilities of treatment add-ons and to distinguish patients with

severe asthma.

Step 5a
Step 4b
Step 4a 1 Medium dose ICS
: Medium dose ICS + 3 controllers
Step 3 Medium dose ICS | + 2 other
+ 1 other I controllers OR
Step 2 Low dose ICS + controller I OR
1 other controller 1 High dose ICS + at
Step 1 Low dose LE : High dose ICS least 2 other
tep IcS OR High dose ICS | + 1 other controllers
No daily on : controller
controller Medium dose ICS : AND/OR
thereey LTRA : Azithromycin add-on
1
1
Other controller therapies: Other controller therapies:
LTRA or LABA LTRA, LagA, YRR

Other treatments —Treatments that are less frequently prescribed. Examples are presented below:
+ Any theophylline-containing therapy
* LTRA + at least 1 other controller therapy (besides ICS)
* Low dose ICS + at least 2 other controller therapies (e.g. Low dose ICS + LABA + LTRA)
.
ICS dose:
Low: < 250 mc&,"da\r; Medium: 250-459 mcg_j'day; High: 500-1000 mc Fluticasone propionate HFA equivalent

Figure 1. Proposed treatment escalation steps, adapted from the GINA 2015 guidelines.
Abbreviations: ICS: Inhaled corticosteroids; LABA: Long-acting beta2-agonist; LAMA: Long-acting muscarinic agents; LTRA: Leukotriene receptor antagonist

1. Do you agree with the changes highlighted in blue?
o VYES
o NO

2. ldentifying chronic azithromycin use in severe asthma using healthcare administrative databases is not
straightforward, as we do not have information on drug indication or complete information on posology.
Given these definitions, we propose the following operational definition:

e At least 3 prescription refills of azithromycin within a 6-month period

e Each prescription should last at least 28 days (duration provided by the pharmacist during

prescription fill process)

Do you agree with the proposed definition?
o VYES
o NO

Additional comments (optional):
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ORAL CORTICOSTEROIDS AS MAINTENANCE THERAPY FOR SEVERE ASTHMA

To identify asthma patients on oral corticosteroid (OCS) maintenance therapy, it was agreed that:
Individuals should regularly use low-dose OCS for a given time period (at least 50% of total day supply of

the evaluation period)

In the second round of consultations, we asked what would be the minimum threshold for an evaluation

period.

We proposed a period of 90 days (i.e. if an individual with asthma has a total days’ supply of OCS of at

least 45 days over a 90-day period, then this person would be considered on OCS maintenance therapy).

72% of the panel responded that 90 days was a sufficient period. However, many respondents indicated
that this was not an ideal approach, since 45 days of treatment with OCS is too short to ensure that an

asthma patient is on a chronic dose of OCS. Therefore, we propose to extend this period to 180 days.

In other words, if a person has a total days’ supply of at least 90 days over a 180-day period, then we

would consider this person on OCS maintenance therapy. If it is not possible to use a 180-day period, a

90-day period could be acceptable.

Do you agree with the proposed definition?

o Yes
o No
Comments:
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In the second round of consultations, we proposed two methods to control for the presence of
concomitant conditions for which long-term use of OCS is common, which involved exclusion and
statistical adjustments.

Click here to view these methods

86% of the panel agreed with these methods. However, some minor changes were proposed by the

panel, as shown below.

Table 1. Methods to control for the presence of concomitant conditions in which long-term use of OCS is
common
Exclusion of subjects who have at least one of the | Statistical adjustment in subjects who have at least

following conditions one of the following conditions
Conditions that are unlikely to be a comorbidity Conditions that that are comorbidities potentially
related to severe asthma associated with asthma

-Scleroderma
-Pemphigus vulgaris
-Adrenal insufficiency Nasal—pel-y-ps—c
-Congenital adrenal hyperplasia
-Ulcerative colitis

-Crohn’s disease

-Autoimmune hepatitis
-Lymphoma/leukemia

-Hemolytic anemia

-ldiopathic thrombocytopenic purpura
-Rheumatoid arthritis

-Systemic lupus erythematosus
-Polymyalgia rheumatica
-Polymyositis/ dermatomyositis
-Polyarteritis

-Vasculitis

-Uveitis

-Multiple sclerosis

-Organ transplantation

-Nephrotic syndrome

-Cerebral edema

-Atopic or contact dermatitis

-Hypersensitivity pneumonitis 2

-Interstitial lung disease 2
-Acute and chronic eosinophilic pneumonia
-Allergic bronchopulmonary aspergillosis °

a
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Reason for excluding individuals with hypersensitivity pneumonitis, acute/chronic eosinophilic
pneumonia, and interstitial lung disease, instead of conducting statistical adjustment.
These conditions are not either necessarily severe comorbidity in asthma. Furthermore, these

conditions are rare.

Reason for excluding patients with concurrent allergic bronchopulmonary aspergillosis (ABPA)
ABPA is a rare disease for which OCS chronic use may be prescribed. Although this disease is common
in people with asthma or cystic fibrosis, we recommend to exclude these patients instead of

conducting statistical adjustment since this disease is a rare cause of poorly controlled asthma,

occurring in less than 1% of asthma patients.

Reason for not conducting statistical analysis in individuals with nasal polyps.

OCS maintenance therapy is not usually indicated for this condition.

Do you agree with the proposed changes?

o Yes
o No
Comments:
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Alternative method:

Alternatively, to avoid excluding patients unnecessarily, it was suggested to not exclude patients based
on these comorbidities, but rather take into account these comorbidities during the identification of
treatment escalation episodes, as explained below:

Alternative method: If a person is prescribed OCS maintenance therapy, this change would constitute a
treatment escalation only if the individual does not have concomitant conditions in which long-term use

of OCS is common (Table 1).

This alternative approach may also be useful in individuals with mild asthma who have a comorbidity for
which chronic OCS use is the mainstay therapy. As a prime example, an asthma subject on low ICS daily
dose with one of these comorbidities may have a treatment escalation episode that does not involve OCS
maintenance therapy. Thus, this subject would have been unnecessarily excluded from the sample using

the approach proposed in previous rounds.

Which method do you prefer?
o Excluding or conducting statistical adjustments for individuals who have comorbidities for which
chronic use of OCS is the mainstay therapy (method suggested in round 1 and 2).
o The alternative method, as described above in blue.

o Both methods are acceptable and should be chosen on a case-by-case basis

Comments:
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Il CHAPTER 5: DISCUSSION

The digitization of healthcare practices holds many promises for patient care improvement, notably
through constantly evolving technology and sophisticated analytics capabilities. Electronic medication
data are no longer being solely used for administrative and billing purposes; they now have the potential
to enhance clinical activities at the point of care and during the entire medication management cycle.
Notwithstanding this ongoing data-driven revolution, integrating structured electronic medication data
within the clinical workflow is a complex endeavor. This thesis sought to investigate how the secondary
use of healthcare data can be leveraged to optimize medication use and support clinical decision-making
in routine clinical practice, with a focus on the problems revolving around medication adherence in
asthma and COPD patients. Specifically, my research shows how tools based on pharmacy claims data can
be used to aid physicians in assessing medication adherence in clinical practice. Indeed, without accurate
information on their patients’ adherence, physicians may not always be able to identify their non-
adherent asthma/COPD patients in a timely manner. This situation can in turn reduce patient disease
control and result in unnecessary treatment escalation that can increase the risk of adverse events and
lead to more complex and costly drug regimens. Along these lines, this thesis also sought to examine
methodological considerations when using administrative healthcare data to facilitate our understanding
of the consequences of medication nonadherence at a population level, including unnecessary treatment
escalation. As will be discussed in this chapter, the four studies forming the basis of this doctoral thesis
each resulted in unique contributions to the scientific literature on medication adherence in
asthma/COPD and pave the way for future research that is clinically meaningful and that leverages on the

innovation of EMRs and healthcare technology.
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5.1 e-MEDRESP Project

The first part of this thesis aimed to develop e-MEDRESP, a novel electronic medication adherence
assessment tool based on pharmacy claims data that provides to family physicians with objective and
easily interpretable information on medication adherence of their patients with asthma or COPD. To
ensure its seamless integration in clinical practice, e-MEDRESP was developed in collaboration with family
physicians and patients using a framework inspired by user-centered principles and was subsequently

integrated in the EMR of many clinics in Quebec as part of a successful feasibility study.

5.1.1 Development of e-MEDRESP (Article 1) — Key Findings

The first study of this dissertation highlighted some of the most important barriers and facilitators of
assessing medication adherence in clinical practice, from the perspective of the family physicians and
patients with asthma/COPD. Broadly speaking, this study extends the literature on the role of healthcare
professionals in supporting medication adherence in primary care. Specifically, the study aimed to better
understand the problems that revolve around the assessment of medication adherence in routine clinical
practice. We also investigated how the use of healthcare technology and administrative healthcare data
can help alleviate some of the challenges physicians face when assessing medication adherence. Several
focus groups and interviews were held, and the qualitative analysis revealed that main barriers to
assessing medication adherence included lack of objective information regarding medication use and
short duration of medical visits. Physicians also emphasized that identifying patients at risk for non-
adherence requires a team effort with pharmacists, respiratory therapists, and nurses. Physicians and
patients also agreed that the use of easily interpretable pharmacy claims data could be an important
facilitator.

Importantly, it was in this study that an e-MEDRESP prototype was developed in collaboration
with these primary end-users using an iterative process. Once the paper-based prototype was finalized
and no additional suggestions were given by the participants, an interactive web-based module was built
in the Visual Studio 2017 community software. Specifically, e-MEDRESP was constructed by developing
algorithms of medication adherence which reflected the end-user recommendations identified during the
discussions. Of note, the development of the web-based version of the tool was complex and necessitated
a close collaboration with several external programmers and the biostatistician of our research lab. In
total, the development process, from prototype elaboration to implementation in the EMR, took nearly

2.5 years.

237



5.1.1.1 Strengths and Limitations

Several rigorous qualitative research methods were applied. In particular, focus groups and interview data
were combined, which resulted in a nuanced and richer analysis and provided an opportunity to achieve
data saturation more rapidly. The analysis of the transcripts by three independent investigators, coupled
with our iterative approach to qualitative inquiry, ensured congruence between the research purpose,
literature review, data collection strategies, participant sampling, and analysis, which ultimately conferred
validity and reliability to our findings. Finally, developing e-MEDRESP in collaboration with physicians and
patients allowed us to better understand the unmet needs of the primary-end users and ensured that the
tool can be easily integrated within physician workflow.

However, the study had several methodological drawbacks. The first concerns the sampling
approach. We originally planned to recruit participants using purposive sampling.3! This would have
allowed us to obtain maximal variation in key characteristics among participants, including age, sex, region
of residence, number of years since diagnosis of asthma or COPD (for patients), and number of years of
practice in family medicine (for physicians). However, due to time constraints and the significant
recruitment difficulties, this approach was unfortunately not possible. Instead, convenience sampling was
used, whereby research participants were selected based on their ease of availability and willingness to
participate.??? In this context, it can be speculated that it was easier to recruit physicians who were already
proactive supporting patient medication adherence. In addition, enrolled patients may have been more
adherent to their medications compared to the general population of subjects with chronic respiratory
diseases and therefore be more at ease to discuss their medication use in a group setting. In contrast,
purposive sampling would have allowed us to search for participants who covered the spectrum of
positions and perspectives in relation to the phenomenon that we were studying (i.e. medication
adherence in clinical practice).???

Another limitation of the study relates to the extent of the involvement of the users in the
development process of e-MEDRESP. In principle, every stage of the user-centered design includes testing
and analysis, and these activities require looping back to earlier stages; as a result, development occurs
in iterative cycles of assessing-designing-testing-analyzing-refining-testing-analyzing-refining.??>??* In the
study, participants’ comments were used to refine the prototype after each interview and the improved
prototype was presented to new participants in subsequent interviews. Moreover, the electronic
prototype of the tool was thoroughly tested and revised by a pulmonologist and two clinical pharmacists
who were not involved in the interviews at the end of the study. Indeed, it was our aim to reach as many

new potential users as possible to maximize feedback and obtain various clinical perspectives. With
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hindsight, it would have been useful and relevant to present the finalized prototype to all the participants
who took part in the study—or at least a sample of the participants—and conduct further testing with
them prior to initiating the feasibility study. Due to timing and logistic constraints, this approach was
unfortunately not possible.

Furthermore, limitations of e-MEDRESP include those which are inherent to pharmacy claims
data. Namely, pharmacy claims data in reMed only include prescriptions dispensed in community
pharmacies. Thus, prescriptions filled in hospital pharmacies or prescriptions which were written by the
treating physician but not filled by the patient are not captured by the tool. In addition, they do not
capture the medications that are given directly to patients by physicians. Not to mention that filling
prescriptions does not guarantee that the medication will be taken by the patient. Because written
physician prescriptions are not available in claims data, it is also difficult to identify treatment switches
and to make the distinction between physician-prescribed treatment cessation and non-adherence.
Nevertheless, participants in the study confirmed that e-MEDRESP could serve has a useful
communication aid and could help physicians better counsel their patients on the importance of

optimizing medication adherence.

5.1.2 Feasibility of Implementing e-MEDRESP in Clinical Practice (Article 2) — Key Findings

The e-MEDRESP feasibility study extended the literature on the implementation of e-health technology
tools aimed at enhancing the quality of healthcare. Out the 346 patients enrolled, 252 patients had at
least one medical visit during the study. e-MEDRESP was consulted by 15 physicians for 85 (34%) of these
patients during a medical visit. 84% of patients reported discussing their medication use with their
physicians; additionally, 33% confirmed seeing their e-MEDRESP report on the physician’s computer and
indicated that it was easy to interpret.

Encouragingly, positive feedback on the clinical usefulness of e-MEDRESP was gathered from
physicians and patients. Questionnaires, telephone interviews, and testimonies collectively showed that
e-MEDRESP facilitated patient-physician communication; allowed physicians to rapidly detect their non-
adherent patients; and helped them to provide a more personalized treatment based on their patients’
adherence to controller medications. Not to mention that improvement in adherence was observed
among patients taking some of the most commonly prescribed medications to treat moderate-to-severe

asthma or COPD.
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5.1.2.1 Study Findings in the Context of the Clinical Adoption Meta-Model

Consistent with the clinical adoption meta-model,*®! the success of implementation of a medication
adherence assessment tool depends on the ability for the end-users to access and interact with the tool
(i.e. via an EMR) and whether meaningful adaptations of clinical workflows and healthcare behaviors are
facilitated by the tool. The four dimensions stipulated by the model were integrated in the methodological
framework of the study. First, availability of the tool was facilitated by e-MEDRESP’s seamless integration
in physicians’ EMR. Second, system use was monitored using hit counters embedded in the tool and was
further assessed with physician surveys and patient phone interviews. The last two dimensions of the
clinical adoption model, clinical behaviors and outcomes, were considered in the study, but only in the
exploratory analyses. Specifically, prescription changes following consultation of e-MEDRESP were
described, but due to the limited sample size, trends could not be observed. The capacity of e-MEDRESP
to improve patient medication adherence was investigated and although improvement in adherence was
observed in some of the most commonly prescribed medications in asthma/COPD, it cannot be
ascertained that these improvements were attributable solely to e-MEDRESP. As well, the study was not
sufficiently powered to detect clinically significant improvement in adherence or disease control, nor was
the design the most appropriate to study this outcome. To investigate the impacts that are solely
attributable to the adoption of e-MEDRESP in clinical practice, it would have been necessary to conduct a
cluster-randomized clinical trial which would have allowed us to compare the effect of e-MEDRESP on
medication adherence, compared with usual care practices.

When analyzing its clinical adoption trajectory, e-MEDRESP appeared to have a low user adoption.
Thus, it is possible that the tools were used frequently in the beginning but was not sustained throughout
the study. It is also possible that there was a misalignment between e-MEDRESP and clinical practice.
Despite the positive feedback obtained from users, e-MEDRESP was not used as widely as anticipated,
although the rate of use (34%) was higher than similar studies in the literature.?®'’> As was previously
mentioned in the literature review (Chapter 2), studies in the literature which have evaluated the
feasibility of implementing medication adherence assessment tools in clinical practice have not always
rigorously evaluated their use by physicians; 212%2425199.204 tharefore, the mere fact that we closely
monitored the use of e-MEDRESP in clinical practice is a methodological strength in itself. In addition,
medical visits included in our analysis comprised consults that were not necessarily specific to asthma or
COPD (all-cause). As such, physicians may not have felt the need to access e-MEDRESP at every available
opportunity, especially if the medical visit was not respiratory-related. It would have been relevant to

calculate the rate of use among medical visits for asthma or COPD care; however, accurate information
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on the diagnosis associated with medical visits was not available. As confirmed by the Post hoc survey,
the COVID-19 pandemic may have affected the use of e-MEDRESP in routine clinical practice, as physicians
were compelled to modify their practice to better adapt to the exceptional circumstances of the public
health crisis. They were less concerned with medication adherence and focused on more urgent care,
such as psychological problems. Finally, the study sample was not sufficiently powered to allow us to
determine patient- or physician-level determinants of use, nor did we have access to detailed patient and
physician characteristics. Instead of conducting a Post hoc survey to better understand the clinical
relevance of e-MEDRESP, it would have been interesting to conduct short interviews with the participating

physicians at the end of the study. However, due to time constraints, this was not possible.

5.1.2.2 Other Strengths and Limitations

From its inception, e-MEDRESP was designed using several criteria that were previously shown in the
literature to facilitate physician adoption of new healthcare information technology in clinical practice.®
First, e-MEDRESP was implemented in EMRs to ensure that the tool was efficiently integrated within
physician workflow. Such an approach ensured that the tool did not result in loss of productivity or
increased clinician burden.'®% Second, physicians and patients were consulted throughout the
development and feasibility assessment process to ensure that e-MEDRESP was user-friendly and clinically
intuitive.?1°2 Finally, prior to embarking on a large-scale implementation of an e-health technology, it is
imperative to rigorously assess its clinical usefulness. Among the existing medical assessment tools
reported in the literature, 212519929 physician uptake of the tool in clinical practice was not always closely
monitored and patient and physician feedback were seldom collected. Moreover, capacity of these tools
to improve medication adherence was not always assessed or the periods in which adherence was
assessed were not always clearly defined. Yet such methodological considerations should be embedded
in the design and implementation of new e-health technologies. These factors may collectively explain
why the uptake of some of these tools in clinical practice was not as high as expected. This thesis resolved
these important methodological limitations.

The results of the feasibility study should be considered in the light of some limitations. Participant
recruitment proved to be a monumental task, and the logistics of the recruitment process required several
months of planning. Despite the great efforts exerted by the research team, recruitment rate was low,
especially among family physicians. Furthermore, since physicians were recruited by email and fax,
documenting reasons for refusal was challenging, although lack of interest or time was the most common

reason reported. It was also difficult to determine the proportion of invitations that truly reached the
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targeted physicians or to compare the characteristics of participants and non-participants, since the
medical secretaries were the main point of contact during the follow-up phone calls. Recruitment
challenges were further exacerbated by the low number of patients recruited for several enrolled
physicians. As a result, these physicians had fewer opportunities to use the tool and share their feedback
during the feasibility study.

Another methodological drawback concerns the method used to identify non-adherent patients.
A PDC below 80% was used, since clinical evidence suggests that this threshold is the level above which
the medication has a reasonable likelihood of achieving the most clinical benefit.3 However, this
threshold is not specific to asthma and COPD. Although it is unclear from the literature what the optimal
threshold is for these two diseases, we could have contacted clinical experts to determine this threshold
or at least, conduct sensitivity analyses with different adherence levels to test the robustness of our
analysis. Alternatively, we could have used trajectory modeling to describe adherence patterns and to
identify non-adherent patients.?® Trajectory modeling is a more clinically intuitive method to describe
adherence behaviours in the population, compared to the common way of classifying patients as either
adherent or non-adherent based on pre-defined levels. Notwithstanding its clinical appeal, trajectory
modeling requires a long follow-up period and a large sample size; thus, this approach merits to be
explored in future studies.

Finally, it may have been easier to recruit physicians who were already proactive in promoting
optimal medication adherence of their patients. In a similar vein, patients in the e-MEDRESP cohort
appeared to have, on average, higher level of medication adherence than the general population.”° The
patient recruitment was also relatively low (38%). Thus, our sampling strategy may not have entirely

reflected the complexities and nuances of the real-world clinical practice setting.

5.1.2.3 The e-MEDRESP project: Clinical Implications and Future Work

Although a prototype of e-MEDRESP was extensively developed in collaboration with patients and
physicians in the first study of this research program, family physicians provided feedback on how to
further improve it throughout the feasibility study, including modifications to the adherence calculations
that better reflect recent changes in clinical guidelines. At a broader level, these suggestions underscore
the importance of iteratively developing e-health technologies, from prototype development to the
implementation process. The e-MEDRESP feasibility study highlighted the need to continue to conduct

feasibility studies with other healthcare professionals, such as pulmonologists, nurses, and pharmacists in
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order to gauge the clinical relevance of this tool in different healthcare settings. Furthermore, most
physicians were recruited from family medicine groups (FMG), which is a group of physicians working
closely with other healthcare professionals, including nurses, pharmacists and respiratory therapists, in
the provision of services to enrolled patients on a hon-geographic basis.??® Thus, widening the access of
e-MEDRESP to different healthcare professionals and adapting it to other chronic diseases may also
enhance of the uptake of the tool in clinical practice. Another potential strategy to enhance the use of e-
MEDRESP in clinical practice is to incorporate it within an existing clinical decision support system. This
approach could ultimately help physicians provide personalized recommendations for care, based on
patient-level clinical data and medication adherence (including inhaler technique).

Of note, patients did not provide detailed feedback on the tool. Yet, telephone interviews
revealed that only 33% of patients had the opportunity to view their e-MEDRESP report during medical
visits, indicating that the tool may have been more adapted to physicians’ needs. Therefore, new
strategies are required to better ensure patient engagement. Given the growing popularity of mobile
phone apps targeting medication adherence,?” we believe that linking e-MEDRESP to a mobile phone app
that offers educational materials may provide more personalized avenues for patients to optimize their
medication-taking behaviour, though further studies are required to confirm this hypothesis.

One of the biggest challenges faced in this project was related to family physician recruitment.
Although the level of participation in research by general practitioners is notoriously low,*?® we believe
that recruiting physicians solely by phone, email or fax was not ideal. Due to logistical constraints,
physician recruitment was initiated before the development of e-MEDRESP was finalized. This approach
was not optimal, since physicians did not have the opportunity to view the tool and gauge its clinical
relevance upon recruitment. Thus, for future projects, physician recruitment methods need to be
modified, given our low recruitment rate. Instead, in-person visits offering demos of the tool may help to
better elicit interest of physicians. Using promotional materials that present physician and patient
testimonies on e-MEDRESP could also boost participant engagement.

As previously mentioned, cluster randomized clinical trials are required to evaluate the
effectiveness of e-MEDRESP to improve adherence. Given that medication adherence is a complex
phenomenon entrenched in a myriad of factors related to the patient, healthcare provider, and healthcare
system, e-MEDRESP should be integrated in multi-focal interventions which aim to foster patient and
physician education and stronger patient-physician relationship, as well as inter-professional

collaboration. Integrating patient-generated health data in the tool (side effects, illness beliefs, ease of
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use of inhaler, etc.) could also enhance its clinical relevance, as it would allow physicians to tailor

treatment decisions to each patients’ individual preferences and health states.

5.1.2.3.1 Large-Scale Implementation of e-MEDRESP — Challenges and Pitfalls

To ensure the seamless integration of e-MEDRESP in clinical practice, we formed a partnership with
OMNIMED, a leading EMR provider in Quebec. Given that the e-MEDRESP tool is web-based and is housed
in an independent server at the Université de Montréal, it can technically be transposable to other EMR
systems. Notwithstanding this appealing feature, the road to the large-scale implementation of e-
MEDRESP in clinical practice is paved with many challenges. Namely, obtaining patient consent and
registering patients to the reMed dug claims database to retrieve their medication data is a time-
consuming process. In Quebec, the ideal scenario would be to integrate e-MEDRESP within the Quebec
Health Record (Dossier Santé Québec). Unfortunately, the Quebec Health Record cannot be currently used
for research proposes. Thus, for now, we need to continue to rely on reMed to manually register patients.

Beyond Quebec, the e-MEDRESP algorithms would need to be adapted to individual pharmacy
databases and pharmacy management systems. As was mentioned in the introduction, medication-
related data is complex and not all medication data sources are equivalent across jurisdictions. There is a
lack of harmony and standards, both in terms of practices and terminologies, that are inherent to
medication-related data. As for reMed, several mechanisms and quality control procedures were
established over the years to take into consideration billing-specific drug coding mechanisms that can
affect and hinder the interpretability of medication data in the clinical setting. There is also a dictionary
specific to asthma and COPD medications that can be linked to reMed data which considers the coding
changes and particularities of drugs entering the market and those that are withdrawn or temporarily
discontinued. This dictionary is maintained and periodically updated by our research lab. Yet, extending
e-MEDRESP to other healthcare systems beyond Quebec would require the establishment of mechanisms
that can facilitate the data processing of the medication data and translate them into a format that is

useful and relevant for clinicians, while taking into consideration local rules, practices, and particularities.
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5.2 Medication Adherence and Treatment Escalation in Asthma

The second part of this thesis consisted of two studies which laid the groundwork for a population-based
cohort study which aims to estimate the association between medication adherence and subsequent
treatment escalation in asthma using healthcare administrative data. Accordingly, healthcare
administrative data can provide an interesting avenue to further our understanding on the consequences
of medication nonadherence at a population level. However, since these data are a by-product of
constantly evolving and heterogenous healthcare systems, it is important to ensure that these data are
valid for research.

In the first study, a systematic literature review was conducted to select optimal asthma case-
finding algorithms that can be used in administrative database research. In the second study, an
operational definition of treatment escalation was developed, using the Delphi consensus process. This
definition was inspired by the 2020 Global for Initiative for Asthma treatment guidelines. Although the
final cohort study which aims to examine the association between treatment escalation and medication
adherence is beyond the scope of this doctoral thesis, | plan to conduct, within the next year, this study
in collaboration with Lucie Blais and her research team using the definitions obtained from the studies. At
a broader level, these two studies highlight important methodological issues that should be considered

when conducting this future cohort study.

5.2.1 Systematic Review on the Validity of Asthma Case-Finding Algorithms in Healthcare

Administrative Databases (Article 3) — Key findings and Implications for Future Research

The systematic review showed that healthcare administrative databases appear to adequately identify
asthma patients. The next step would be select the algorithm that is the most appropriate to use in the
future cohort study that aims to assess the association between medication adherence and treatment
escalation. As mentioned in the literature review of this thesis (section 2.7.2.1), prior to embarking in this
study and selecting the best case-finding algorithm, we must assess the relative importance of sensitivity,
specificity, PPV, and, NPV, and prioritize the accuracy measure that is most relevant to the research
question.?!® For instance, it is desirable to select algorithms that have higher sensitivities for surveillance
studies, since this approach minimizes the number of missed cases.?'>21® Most studies in this review tested
multiple algorithms to identify the one which has the best trade-off between sensitivity and specificity.
Generally, lengthening the time frame to capture asthma cases or increasing the number of diagnoses

increased the specificity, at the cost of a lower sensitivity. Operational definitions based solely on
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hospitalization data were not sensitive, albeit highly specific since this approach tends to capture more
moderate-to-severe asthma patients. On the other hand, a significant number of studies included in the
review chose the PPV as their main measure of validity, which is important when identifying a cohort
defined by disease status. High PPVs and NPVs ensure that only persons who truly have the condition of
interest are captured,?®® and are desirable in studies seeking to examine causal relationships or

associations.

For the population-based cohort study which aims to study the association between medication
adherence and treatment escalation, we need to select an algorithm that fulfills the following criteria:

e Provides a good trade-off between sensitivity and specificity;

e Has a relatively high PPV,

e Has been tested in adult populations;

e Has been tested in Canadian administrative databases;

Among the 20 studies retained in this review, the studies conducted by Blais et al.2'” and Gershon et al. 2%’
fulfill the above criteria. For the Blais et al. study, the algorithms which required two asthma diagnosis to
be made by a pulmonologist over a 1-year period had the highest validity (sensitivity: 87%, specificity:
94%, PPV: 77%). However, such a strategy may exclude an important segment of the population, given
that most asthma patients are treated in primary care. Alternatively, the following algorithm proposed by
Gershon et al. appeared to have the best trade-off between sensitivity (84%) and specificity (77%) and
yielded a reasonably high PPV (62%):

Two or more ambulatory medical visits for asthma or one hospitalization for asthma over two

years, among individuals aged 19-80 years old
Based on the literature review, | recommend selecting this algorithm for the population-based cohort
study that aims to assess the association between medication adherence and treatment escalation. Of
note, this study was conducted using Ontario healthcare administrative databases. As was discussed in
the introduction of this thesis (section 2.7.1), there are differences in terms of content, coding, and
completeness across Canadian administrative healthcare databases. Thus, further research is required to

validate this algorithm across different Canadian jurisdictions.
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5.2.1.1 Strengths and limitations

Overall, the study was conducted using rigorous research standards and followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. This study was among a series of
systematic reviews of validated methods for identifying various chronic diseases using healthcare
administrative data that have been conducted by the Quebec Support for People and Patient-Oriented
Research and Trials (SUPPORT Unit), as part of its mandate to implement strategies to facilitate access

and use of health research data.

The review presented some limitations. Namely, articles whose full texts were not available in
English or French were excluded, which may have introduced a language bias. There was also a possibility
of missing articles that were not indexed in the bibliographic databases under terms related to
administrative data or validation. Nonetheless, our rigorous systematic research methods combined with
the grey literature search, ensured that our search strategy was optimized. Lastly, publication bias cannot
be ruled out, whereby asthma diagnostic algorithms with poor validity may have been withheld from

publication.

5.2.2 Development of an Asthma Treatment Escalation Definition Adapted to Healthcare

Administrative Databases (Article 4): Key Findings

Through rigorous research methods that were supported by an expert panel, we developed a treatment
escalation definition that was adapted from the 2020 GINA guidelines. This definition comprises three
options and takes into account transition to higher treatment steps, inhaled corticosteroid dose increases,
and controller treatment add-on, as well as treatments that are not typically included in clinical guidelines.
Furthermore, the applicability of this operational definition was also successfully tested in a population-
based cohort of adults with asthma selected from administrative databases.

The systematic review that was conducted as the starting point for the Delphi process revealed that
operational definitions of asthma treatment escalation are highly variable across the literature.
Additionally, none of the definitions appeared to have been validated or established through a rigorous
expert consensus. These differences were further reflected by the discrepancies in the treatment
escalation rates reported in the retained studies. Although these studies collectively provided valuable
insight on treatment escalation patterns in the real-world setting, some of the approaches used to identify
treatment escalation failed to include all treatment possibilities in the real-world setting, particularly in

severe asthma. Overall, the Delphi process was a successful approach in harmonizing the findings from
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the literature review and proved to be a useful method to identify treatment escalation patterns in

population-based observational studies.

5.2.2.1 Strengths and Limitations

To the best of our knowledge, this study is the first to develop an operational definition of treatment
escalation that is based on expert consensus and rigorous mixed-methods research. An important
strength of the Delphi process is the incorporation of a systematic literature review, which provided
valuable guidance for the development of the questionnaires that were administered in the consultation
rounds. Another salient feature is the iterative process that was used to develop the treatment escalation
definition, which was informed by expert opinion and the cohort study findings.

Despite these methodological strengths, the results of this study should be interpreted in the light
of some limitations. Namely, the participants of the Delphi process only included 15 Canadian experts,
whereas a larger multi-national panel would have enhanced the generalizability of study findings.
However, since our definition was based on international guidelines, we believe that it could easily be
applied or adapted to different healthcare settings. Given the heterogeneity in terms of content and
validity across different databases, future validation studies are required to ensure the applicability of the
treatment escalation definition across different jurisdictions. Another point to consider is that pharmacy
claims data do not typically record medications dispensed in hospital pharmacies. Yet, a prescription
change leading to a treatment escalation can occur during an inpatient stay, especially if the patient was
hospitalized after an asthma exacerbation. The treatment escalation algorithm that was developed in this
study will eventually capture this treatment escalation, if the patient dispenses the new prescription in a
community pharmacy after hospital discharge. Nevertheless, the algorithm may under-estimate the
timing of the treatment escalation or fail to identify the treatment escalation event altogether if the
patient does not fill his prescription in a community pharmacy after hospital discharge.

Lastly, the cohort study used to test the definition was based on administrative data that were
retrospectively collected between 2002 and 2016, which prevented us from ascertaining treatments that
appeared in more recent treatment guidelines, such as chronic azithromycin use. Along similar lines, the
Delphi questionnaires were developed using criteria that were obtained from a literature review on
treatment escalation definitions published between 1996 and 2020, a period during which physician
prescribing practices and the availability of different asthma medications may have evolved. However,

treatment guidelines have not significantly changed over the last 30 years, other than the fact that as-
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needed SABA is no longer the preferred reliever therapy for patients with mid asthma since 2019. Since
the treatment escalation definition was based on controller medications and not reliever therapies, we
believe that this change in treatment guidelines does not have a major impact on the applicability of the
treatment escalation definition developed. Notwithstanding, it is always important to take into
consideration changes in treatment practices over time. In future cohort studies which apply this
definition, it would be thus appropriate to select recent study periods or adjust for the year of cohort

entry in statistical analyses.

5.2.2.2 Clinical Implications and Future Work

In recent years, the arsenal of asthma treatment options has broadened with the advent of novel agents,
particularly monoclonal antibody therapies targeting IgE, interleukin (IL)-4/IL-13 and IL-5 cytokine
pathways. With the expected rise in the use of expensive biologics and increasing evidence on the impact
of oral corticosteroids adverse effects, understanding how prescribing patterns compare with clinical
treatment guidelines will help us gain insight on the key aspects that prevent optimal pharmacological
treatment. Given the complex therapeutic landscape of asthma, the necessity to adequately identify
treatment escalation in asthma at a population level has become increasingly relevant. Treatment
decision-making in the context of asthma is complex and relies on careful assessment of common
problems, such as inhaler technique, disease control, and medication adherence.*’ Yet, accurately
assessing medication in clinical practice is challenging; thus, physicians may prescribe expensive biologic
therapy to patients with severe asthma, even though the reason behind disease non-control is medication
non-adherence. Thus, the findings of this study can form the basis of future studies which aim to evaluate
the relationship between asthma control, medication adherence, and treatment escalation. Such studies
could provide insight on physician prescribing practices and could ultimately help determine whether

patients’ treatment escalation was an appropriate treatment decision.
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5.3 Conclusions

The digitization of healthcare practices, coupled with the increasing availability and use of secondary
healthcare data, holds the promise to revolutionize patient care. Using a rigorous mixed-methods
research approach, this thesis examined how administrative healthcare data can be leveraged to: 1)
optimize medication adherence in routine clinical practice in patients with chronic respiratory diseases;
and 2) gain a greater understanding on prescribing practices that can lead to unnecessary treatment
escalation in asthma, which is an unintended consequence of patient medication nonadherence.

In the e-MEDRESP project, structured electronic medication data was successfully integrated
within the workflow of family physicians. To the best of our knowledge, the e-MEDRESP medication
adherence assessment tool is among few of its kind in Canada. e-MEDRESP has the potential to allow
physicians to assess adherence objectively and to facilitate patient-physician communication concerning
medication use. Further research is required to evaluate the effectiveness of e-MEDRESP to improve
medication adherence, to enhance its clinical adoption in clinical practice, and to boost physician and
patient engagement. Additional work to ensure a large-scale implementation of e-MEDRESP is also
warranted.

In the second part of this thesis, two distinct studies were conducted to lay the groundwork for a
future cohort study which aims to assess the association between medication adherence and subsequent
treatment escalation. Healthcare administrative data can help elucidate this phenomenon, which is
currently under-explored in the literature. However, given that these data are a by-product of constantly
evolving and heterogenous healthcare systems, several methodological issues need to be considered prior
to conducting this study; this thesis has provided practical solutions for a number of these methodological
considerations.

Overall, medication adherence is a complex phenomenon that results in sub-optimal therapeutic
outcomes. As well, it can inadvertently affect prescribing practices and treatment decisions.
Administrative healthcare data can help alleviate some of these problems that revolve around medication
adherence. Given that medication adherence will continue to persistently affect patients living with
chronic diseases, the methodology that was implemented in this research program can also be used as a

model for chronic diseases other than asthma and COPD.
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