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Abstract

OBJECTIVES: 1) To develop Med-Resp, a graphical tool based on prescription refills to measure adherence and use of asthma
medications; 2) To test the feasibility of implementing Med-Resp in a hospital outpatient asthma clinic; 3) To explore the
effectiveness of Med-Resp to improve medication adherence to asthma controller medications.

METHODS: A sequential exploratory design was used: 1) Prototype design in collaboration with respiratory physicians and patients

via focus groups; 2) Med-Resn creation based on algorithms developed and applied to prescription refills data recorded in the drug



claims database reMed; 3) Feasibility assessment of the implementation of Med-Resp in the outpatient asttima clinic; and 4)
Exploration of the effectiveness of Med-Resp through a pre-post design.

RESULTS: A total of 29 patients and six respiratory physicians participated in this pilot study. The tcoi was highly appreciated by the
participants, while the majority believed that Med-Resp has the potential to enhance physician-patient communication and aid in
treatment decisions. The feasibility of implementing Med-Resp in clinical practice was demonstrated. However, we did not observe an
increase in medication adherence in the six months following its implementation.

CONCLUSION: In the clinical setting, the use of prescription refills data may constitute a non-invasive and objective measure of
medication adherence. This study highlights the importance of pravidirig-clinicians with objective and easily interpretable measures of
medication adherence and use in routine clinical practice. Med-Resp has the potential to become implemented on a larger scale if

integrated in electronic medical records.

Introduction

Asthma is a leading and preventabie cause ¢f chronic morbidity, affecting over 334 million people worldwide [1]. Despite therapeutic

advances in recent years, a large proportion of patients have uncontrolled asthma resulting from sub-optimal medication adherence



[2]. Indeed, medication adherence in patients with asthma is notoriously low, ranging from 20-50%, and is associated with increases in

emergency department visits, hospitalizations, mortality, and healthcare-related costs [2-6].

Asthma controller medications, including inhaled corticosteroids (ICS) with or without long-acting irihaled beta2-agonists, are the
cornerstone of treatment and are generally prescribed for daily use. To treat patients with persistent asthma, regular use of a controller
medication is recommended, whereas rescue medications such as short-acting beta2-agoiists (SABA) are prescribed on an “as
needed” basis for quick relief of asthma symptoms. Given that adherence to controter medications is a key determinant of treatment
success, it is crucial that physicians recognize non-adherent patients, undeistarnd the reasons contributing to their non-adherence, and
actively engage in interventions which aim at enhancing patient treatmerit adherence. Nevertheless, assessment of medication
adherence in clinical practice is challenging. Several methous of assessment are available; however, they are either impractical for
routine clinical use (blood measurement of the level of drugs, metabolite, or biological markers [7]), inaccurate (patient self-report [7-
10]), or too expensive and complicated (electroric medication monitoring devices [11]). On the other hand, prescription refills

constitute a non-invasive, reliable, and cbjective surrogate measure of adherence [12].

Due to the increasing availability of drug claims databases, prescription refill records have been used in many studies to assess
adherence to treatment in chronic conditions, including asthma [13-20]. In a study conducted by Gamble et al., asthmatic patients who

initially denied non-adhererice only admitted not following their physician’s treatment recommendations when presented with



objective measurements of their medication adherence, such as prescription refills [21]. Another study found that physicians were
unable to adequately identify asthma patients with sub-optimal adherence and suggested that prescription refiii data may help identify
such patients more easily [22]. To our knowledge, few studies have evaluated the use of tools based on prescription refills to measure
adherence in clinical practice [23-27]. Williams et al. conducted a randomized clinical triai to-assass the effect of supplying patient
adherence information to primary care providers. Their findings suggested that asthimiatic patients were more likely to take ICS
regularly when physicians closely monitored their medication use and reviewed electronic prescription information [25]. Although
these tools have great potential to improve medication adherence and use in tiie ciinical setting, none were developed in collaboration

with the end users, which might explain why their uptake was not-as higr as expected.

The goal of the current research was to develop and test the feasibility of implementing Med-Resp, a graphical tool based on
prescription refills to measure asthma medicatiorn adgherence and use in a hospital outpatient clinic, which mostly treats patients with
moderate to severe chronic respiratory diseases. Our hypothesis was that Med-Resp could be feasible to implement in clinical practice
and that it could also facilitate physician-patierit communication regarding medication use. Our ultimate research goal following this
pilot study will be to implement this tool on a larger scale. The present study was thus a crucial first step in developing a prototype of
a tool based on prescription refills in collaboration with physicians and patients (i.e. the end-users) and exploring its relevance in the

clinical setting from both their perspectives.



Methods

Subjects, setting, and study design

This pilot study was conducted in the outpatient asthma clinic of the Hoépital du Sacré-Coeur de Montréal (HSCM) and was approved
by the ethics and research committee of the same hospital. We conducted a sequential multi-phase exploratory design [28] with a
mixed-methods approach (Figure 1). In Phase I, a Med-Resp prototype was developed with respiratory physicians and patients via
focus groups. In Phase 11, the feasibility of implementing Med-Resp in the hospital cutpatient asthma clinic was assessed. In Phase I,
we explored the effectiveness of Med-Resp to improve medication adherence through a pre-post design. Asthma patients were
recruited from the Registre de données en santé pulmonaire (RESF), a registry that collects clinical information and lifestyle habits of
patients with asthma or chronic obstructive pulmonary disease (CCPD) from the outpatient asthma clinic of HSCM and the Centre
hospitalier de [’Université de Sherbrooke. RESP is-a continually updated research database for which patients’ consent to be contacted
for future research projects is obtained at registration. Patients registered in RESP also consented to their information being used for

research purposes.

Phase I: Med-Resp Prototype Design and Development



In the first phase of the pilot study, two focus groups were conducted, one with patients and one with respiratory physicians. Patients
were selected from the RESP database and recruited by telephone. Eligible patients were required te fuifill the following criteria: 1) to
be registered in RESP; 2) to have asthma diagnosed by a respiratory physician; 3) to be aged 1.8-64 years old; and 4) to neither take
part in a medication special access program, nor be currently enrolled in another clinical study. Demographic information was
obtained from the RESP database and confirmed during the telephone interview. In addgitien, physicians from the HSCM were sent an

email invitation to participate in the focus group.

The objective of the focus groups was to design and develop a Med-Resp prototype in collaboration with respiratory physicians and
patients, as well as gain further insight on how to efficiently impiement it in clinical practice. We adopted a user-centered design to
develop the prototype. User-centered design is a framewaork of processes that is characterized by a focus on the user, while integrating
the user’s perceptions in all stages of the design aind implementation process [29]. All focus group questions are presented in the

online supplementary file.

For the focus group with physicians, we investigated the challenges they face when assessing their patients’ adherence. Specifically,

we aimed to: 1) identify the most appropriate metric that can be used to measure and describe medication adherence and use; and 2)



explore practical issues regarding the implementation of a tool based on prescription refills to measure adkieience in the clinical
setting. Since our project is a single-center pilot study, it was only possible to conduct one focus groun with physicians, who were the
primary users of Med-Resp. All the respiratory physicians who worked in the outpatient clinic were thus invited to participate in the
focus group discussion, since their opinion was crucial for the elaboration of the Med-Resp prototype. Along similar lines, the focus
group with patients was also conducted to complement the physicians' perspective. Questions on the following dimensions were
addressed: 1) physician-patient communication; and 2) the extent to which patients Teel comfortable with their physician having

access to continuously updated information on their adherence and use of prescribed medications.

Once the most appropriate means to report adherence and medicatich use was identified via the focus group with respiratory
physicians, Med-Resp was created based on algorithms developed and applied to prescription refills data recorded in reMed [30].
reMed is a computerized drug claims database which cotiects information on prescribed medications dispensed in community
pharmacies for a sample of Quebecers covered with-private drug insurance. reMed is developed based upon the data that are
purchased from the community pharmacies' computer services providers, which transfer medication data required for reimbursement;
therefore, pharmacies are not required to report the refills. The link between the providers and reMed is established by way of a

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



Phase II: Feasibility of Implementation

In the second phase of the study, the feasibility of implementing Med-Resp in the HSCM outpatient asthma clinic was assessed.
Patients were selected from RESP and had to fulfill the same eligibility criteria as the ones preserited in Phase I, in addition to
receiving coverage through private drug insurance and being registered in reMed. Eligible patients were invited by phone to
participate in Phase Il of the study. Patients consented to having their respiratory physicians access their drug claims data via Med-

Resp. Respiratory physicians did not have access to Med-Resp for patients who refised to participate.

Respiratory physicians had access to Med-Resp in the outpatient astiima clinic between May 12, 2013 and August 24, 2016 for
patients who consented to participate in the study. They weie given a presentation on Med-Resp during their staff meeting, in addition
to receiving an email containing information on the study. Foi each asthma patient who consented to participate, a research assistant
inserted a paper-version of Med-Resp in the medical record before the patient’s medical visit at the outpatient asthma clinic, since

HSCM currently only operates with paper-based medical records.

For the feasibility assessment, physicians were requested to fill out a questionnaire following the medical visit of their first patient

who participated in the study in order to evaluate their satisfaction with Med-Resp. To evaluate patient satisfaction with Med-Resp, a



research assistant invited all participants to take part in a short telephone interview that occurred on the saine day as their medical

visit. Post-visit questionnaires are presented in the online supplementary file.

Phase 1ll: Effectiveness of Med-Resp

In order to explore the effectiveness of Med-Resp to improve medication adherence, a pie-post design with a historical control group
was used, whereby participants served as their own control during the last visit prior to the availability of Med-Resp in the clinic. For
each patient, adherence was assessed in the: 1) six-month period following a medical visit prior to the availability of Med-Resp in the
clinic; and 2) six-month period following the first medical visit at iiie clinic in which the treating physician had access to Med-Resp.

Adherence was measured using the PDC (Proportion of days covered) [31] from the prescription refills data recorded in reMed.

Data analysis

A descriptive analysis was conducted on the focus group transcripts in order to develop Med-Resp and explore the acceptability of the
tool among physicians and patients. In addition, descriptive statistics were used to: 1) compare the sociodemographic characteristics

and patterns of medication use between patients who accepted to participate and those who refused to participate in Phase Il and Ill;

10



and 2) evaluate the users’ satisfaction with Med-Resp from the post-visit telephone interviews. For the pre-post analysis, the mean
adherence level was compared using paired t-tests between the two following periods: 1) six-month period foiiowing a medical visit
prior to the availability of Med-Resp in the clinic; and 2) six-month period following the first visit at the clinic in which the treating
respiratory physician had access to Med-Resp. In addition, data on prescriptions were retrieved from the patients” medical charts in
order to obtain the complete list of prescribed medications. All statistical analyses were performed with SAS 9.4% (SAS Institute, Cary

NC).

Results

Phase I: Med-Resp Prototype Development

A total of six asthma patients and six respirateiy physicians participated in each of the two focus groups. The focus group with the
respiratory physicians lasted 80 minutes, whereas the one with the patients lasted two hours. All patients were open to the idea of their
physicians having access to data ori iizeir medication use and believed that Med-Resp had the potential to enhance physician-patient
communication. Moreover, respiratory physicians unanimously agreed that measuring and assessing adherence in clinical practice can

be challenging and expressed iheir eagerness to have access to an objective measure of their patients’ medication adherence. It was

11



also agreed that Med-Resp should be presented in a graphical format and illustrate the patterns of asthma rnedications dispensed in
community pharmacies during the last year preceding each medical visit, overall and on a quarterly basis. Physicians wished to
develop a prototype that would enable them to rapidly identify, over a 1-year period, important refili gaps, as well as seasonal
fluctuations of medication doses. The Med-Resp prototype is presented in Figure 2. Specifically, Med-Resp includes two components.
The first component presents the monthly dispensing of asthma controller and SABA riedications, 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 daiiy !CS dose was calculated by using an algorithm which
we developed for previous studies that takes into account the follcwing parameters: potency of different ICS; medication form;
quantity dispensed; and medication dispensing date [32, 33]. By using the equivalency table published in the Canadian asthma
consensus report [34], the mean daily ICS dose was cenverted o a fluticasone equivalent. To estimate weekly SABA doses, we used
an algorithm which we developed in a previous study {35} that is based on equivalencies between the different SABAs and data on
dispensed prescriptions including the medication’s dose, formulation, quantity dispensed, date of claims, and number of days between

claims.

Phase II: Feasibility of Implementation

12



A total of 127 patients from RESP were eligible to participate, 56 of whom accepted to take part in the study (recruitment rate: 44%).
They were mostly female (60.7%), were on average 59.4 years old, and had been diagnosed with asthrna Tor nearly 20 years on
average, upon recruitment in RESP. Thirty-three participants were subsequently excluded during foilow-up, because they either
switched to public drug insurance (n=13; 39.4%); did not have a medical visit at the outpatient asthma clinic (n=17; 51.5%); or
participated in another study (n=3; 9.1%). A total of 23 patients were included in the final analysis (Figure 3). Compared to patients
who consented to participate in the study, patients who refused to participate were on average younger, had a lower level of disease
control (Asthma Control Questionnaire score: 1.5+1.2 vs. 1.2+1.0) and had a icwer adherence level to controller medications upon

recruitment in RESP (Table 1).

Feasibility assessment: Capturing user experience

Of these 23 patients, we were able to reach 20 by telephone following their first medical visit in which Med-Resp was available to
their treating physician. All contacted patients reported discussing their medication use with their physician. For the majority of
patients (n=14; 70%), the treating pirysician shared the information presented in Med-Resp. Nearly half the patients (n=9; 45%)

believed that Med-Resp siihainced physician-patient communication concerning their medication use. In addition, nearly three quarters

13



of the patients (n=14; 70%) believed that Med-Resp could be a useful tool to guide asthma treatment decision. The tool was also
generally highly appreciated by the physicians. Nearly all physicians (n=5; 83.3%) consulted Med-Resp curing the medical visit of
their patients. In addition, the majority of physicians (n=4; 66.7%) agreed that Med-Resp can he!p enharice physician-patient
communication concerning asthma medication use. Physicians reported that Med-Resp was a useful tool to adjust the dose of the

medications for 13 of the patients who were seen during the feasibility assessment.

Phase 1ll: Effectiveness of Med-Resp

During the pre-post assessment, the majority of patients were presciibed a combination of ICS and LABA or a combination of ICS,
LABA and leukotriene receptor antagonists (Table 2). The mean PDC of patients ranged between 60.2 to 77.3% and 56.5 to 73.0%,
respectively, in the six-month period before and after Med-Resp was available to the treating physician, depending on the type of
asthma controller medication. In addition, the mean difference in PDC between the six-month period when Med-Resp became
available to the treating physician versus when it was not available ranged from -3.7% to 0.4%, depending on the type of asthma

controller medication, although these results were not statistically significant (Table 3).
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Discussion

The results of the present study suggest that the implementation of Med-Resp in clinical practice is feasible, with the potential to
improve adherence to asthma medications and physician-patient communication. Our user-centered approach provided participants
with the opportunity to be involved throughout the design and development of Med-Resp. In addition, the focus groups allowed us to
generate data that were essential to develop a prototype that was tailored to the riceds of physicians and patients, whereas the
feasibility study provided an assessment of the practicality of our proposed ioct. Furthermore, the pre-post analysis in the feasibility
study allowed for a better control of potential confounding, given that each participant served as his/her own control. This study also
allowed us to explore patient and physician behaviour in a clinicai context in which physicians had access to detailed information

regarding medications dispensed in community pharmacies.

During the focus group, all patients were cpen to the idea of their physicians having access to data on their medication use.
Nevertheless, recruitment rate in Phase |i of the pilot study was low (44.0%) and patients who refused to participate in the study had
significantly lower levels of adherence and disease control than those who accepted to participate in the study. This low recruitment

rate is an interesting finding in itself, as it contrasts with that of the RESP database (95%) as well as the results of the focus group with

15



patients, which highlights the complex issues surrounding medication adherence and the physician-patient relationship. It was
previously suggested that patients are more likely to admit that they are not following their physicians’ treatment recommendations
when they feel they will not be criticized and “in the context of true partnership with their physicians™ [36]. Accordingly, the low
recruitment rate could suggest that patients do not wish to feel like they are under constant surveiliance or are criticized for their
behaviours. On the other hand, the results of the focus group with physicians reflected their eagerness to have access to tools that
would provide objective information on their patients” medication use, since physicians recognized that they may have difficulties
detecting the non-adherence of their patients. The majority of physicians agreed that Med-Resp can help enhance physician-patient
communication concerning asthma medication use, which could suggest that Med-Resp has the potential to improve the interpersonal
dynamics of the physician-patient relationship in the clinical practice, and ultimately, foster higher levels of medication adherence. It
would have been interesting and informative to audio-recard medical visits to explore the influence of Med-Resp on the physician-

patient relationship; however, this was beyond the scope of this study.

A few other studies published worldwide have avaluated the use of tools based on prescription refills to measure adherence in clinical
practice. Williams et al. conducted a ciuster randomised controlled trial to assess the effect of providing clinicians with numeric ICS
adherence information of their asthma patients via an electronic prescription software [25]. The study did not find a significant

difference in ICS adherencearnong patients in the intervention arm compared with those in the control arm, although adherence was
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significantly higher in a small proportion of the patients (2.6%) for which physicians elected to view the detailed adherence
information. In the United States and in Denmark, researchers have integrated graphical displays of patients’ inedication refill patterns
within existing electronic medical records (EMR) [23, 24]; however, to our knowledge, they have not evaluated the efficacy of their
tools to improve adherence and prescribing. Despite their great potential, the uptake of most of these tools was not as high as
expected. Accordingly, our study suggests that adopting a user-centered approach can help develop interventions that are adapted to
the needs of the primary end-users (i.e. physicians and patients), and ultimately, enhance their use and integration in the routine
clinical setting. In the future, larger qualitative and mixed-methods studies should be conducted with patients and physicians to

identify barriers and facilitators of the acceptability of such tools.

Although Med-Resp was highly appreciated by the physicians, we were unable to evaluate its effectiveness to improve prescribing and
medication adherence. However, this study was neither designed nor powered to assess these outcomes. Furthermore, several reasons
may explain why we did not find a difference in the adherence in the pre-post analysis. First, participating patients had higher levels of
adherence than those observed in the general population. Indeed, previous epidemiologic studies have shown that less than 50% of
asthma patients take their madicaiions as prescribed [37-39]. In contrast, patients included in this study had mean adherence levels

ranging from 60% to 779%. Thus, there may have been a smaller window of opportunity for optimizing use of asthma controller
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medications in these patients. Second, many patients were not included in the pre-post analysis because they either did not have a
medical visit or were no longer covered with private drug insurance during the six-month follow-up period, thus reducing the power of
the analysis. Along the same lines, this short observation period may not have been sufficient to evaiuate the effects of Med-Resp on
patients’ adherence. Finally, Med-Resp was evaluated as a stand-alone intervention and yvas net iricorporated with other components
beyond usual care that could promote medication adherence, such as patient education-on medicine use and physician training in
monitoring adherence. Since adherence is a complex issue woven into a myriad of factors related to patients, physicians, and
healthcare systems [40], we believe that the effectiveness of Med-Resp may he erihanced if it becomes an integral part of a multi-focal
intervention aiming to improve medication adherence. In this context, Med-Resp could enable physicians to assess their patients’
medication use in a more accurate and timely manner, which will iti-turn allow them to readily suggest interventions to improve
adherence and provide personalized treatments based on their patients’ adherence. Similarly, the clinical value of Med-Resp could
also be enhanced if it contains information regarding the level of disease control, which would allow physicians to directly correlate

the level of adherence with the clinical sympioms of the patients.

The implementation of Med-Resp in the clinical practice was further compromised due to the fact that our study population was
restricted to patients who were covered with private drug insurance, which caused several patients to be lost during the follow-up

period. Moreover, physicians did not have access to an EMR, as only paper-based medical records were available in the hospital in
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which this study was conducted. Consequently, the graphical tool had to be dragged in the paper medical record by a research assistant
before the patient’s medical visit, which is evidently not an efficient procedure that can be implemenied on & large scale. In addition,
although the Hawthorn effect cannot be ruled out from this study, we believe it was miniinal giver that the mean time between
recruitment and the medical visit exceeded 1 year (422.9 days = 208.4; results not presented), after which some patients may have
forgotten that they consented to their physicians having access to their prescriptiorn refiil information. However, given that patients
consented to be followed for 6 months only, it was not possible to assess the lang-term effects of Med-Resp on medication adherence.

In the future, we intend to conduct studies with a longer follow-up time to assess the true effect of Med-Resp.

This study does, however, serve as a proof-of-concept to highlight the importance of developing a tool to measure medication
adherence in collaboration with the end-users. Our fingings allowed us to confirm the need for such tools and the eagerness of
physicians to have access to an objective measure of patient adherence to prescribed medications. However, given the limitations of
the available infrastructure at the outpatient asthma clinic, our next step will be to implement Med-Resp in a setting in which it can be
seamlessly integrated in EMR and include ali patients, regardless of their drug insurance type, in order to be effectively used in
clinical practice. Moreover, as a large proportion of asthma patients are treated by general practitioners [41], evaluating the feasibility

of implementing such a tool iri the primary care setting would be a worthwhile endeavour.
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Conclusion

This pilot study has demonstrated the feasibility of implementing a tool based on prescrintion.iefiils in the clinical practice of
respiratory physicians to measure medication adherence. Further studies are required to explore the acceptability of patients regarding
such interventions and the possibility of integrating Med-Resp in an EMR to-enhance its uptake and integration in the clinical practice.
Finally, it would be relevant to evaluate the effectiveness of Med-Resp as an iniegral part of a multi-factorial intervention aiming to

improve prescribing and medication adherence.

Funding

This study was funded by an investigator-initiated study grant from Novartis. RESP is funded by the Réseau québécois de recherche
sur les médicaments (RQRM)/Fonds de iecheiche santé Québec (FRQ-S), the Canadian Institutes for Health Research (CIHR), the
Fondation de 1’Hépital du Sacré-Coeur de Montréal, Merck Frosst Canada Inc, and Novartis Canada Ltd. Study sponsors had no role

in the design of the database and data collection.

20



Acknowledgements

We would like to thank Matthew Masapollo, Tuo Liu, and Catherine Dalal for the diligent proof-reading and editing of this

manuscript.

Author contributions

LB, AY, CL, AC designed the study and wrote the manuscript. L.B and CL acquired the funding. LB, AY, AF contributed to data
analyses. AY, CL, AC, AF, and LB interpreted the data, revisad. ine manuscript, had access to complete study data, and had authority

over manuscript preparation as well as approval of the finaiversion and the decision to submit for publication.

Declaration of interest

LB has received research grants and professional fees from AstraZeneca, GlaxoSmithKline, Pfizer, and Genentech for studies
unrelated to this article. AY received scholarships from the CIHR Drug Safety and Effectiveness Cross-disciplinary training program
and the respiratory health network o the FRQ-S. CL reports grants and consultant fees from TEVA pharmaceuticals, AstraZeneca,

GlaxoSmithKline, and Metaphiarm, outside the submitted work. AF and AC have no conflicts of interest.

21



References

10.

11.

12.

13.

Global Asthma Network, The Global Asthma Report; 2014. Auckland, New Zealand, 2014.

Williams, L.K., M. Pladevall, H. Xi, et al., Relationship between adherence to inhcled certicosteroids and poor outcomes among adults
with asthma. J Allergy Clin Immunol, 2004. 114(6): p. 1288-93.

Rabe, K.F., M. Adachi, C.K.W. Lai, et al., Worldwide severity and control of asthmain children and adults: the global asthma insights and
reality surveys. Journal of Allergy and Clinical Immunology, 2004. 114(1): p. 40-47.

Restrepo, R.D., M.T. Alvarez, L.D. Wittnebel, et al., Medication adhereiice issues in patients treated for COPD. Int ) Chron Obstruct
Pulmon Dis, 2008. 3(3): p. 371-84.

Roebuck, M.C., J.N. Liberman, M. Gemmill-Toyama, and T.A. Brerinan, Medication adherence leads to lower health care use and costs
despite increased drug spending. Health Aff (Millwood), 2011.-20(1): p. 91-9.

Barnes, C.B. and C.S. Ulrik, Asthma and Adherence to Inhaled Corticosteroids: Current Status and Future Perspectives. Respir Care, 2015.
60(3): p. 455-468.

Jimmy, B. and J. Jose, Patient Medication Adherence: Niedsures in Daily Practice. Oman Medical Journal, 2011. 26(3): p. 155-159.

Smith, A., J.A. Krishnan, A. Bilderback, et al., Depiressive symptoms and adherence to asthma therapy after hospital discharge. Chest,
2006. 130(4): p. 1034-8.

Milgrom, H., B. Bender, L. Ackerson, et ai., Noincampliance and treatment failure in children with asthma. ) Allergy Clin Immunol, 1996.
98(6 Pt 1): p. 1051-7.

Ho, P.M., C.L. Bryson, and J.S. Rumsfeld, Medication adherence: its importance in cardiovascular outcomes. Circulation, 2009. 119(23): p.
3028-35.

Bender, B.G., Advancing the science of adherence measurement: implications for the clinician. J Allergy Clin Immunol Pract, 2013. 1(1): p.
92-3.

Steiner, J.F. and A.V. Prochazia, The assessment of refill compliance using pharmacy records: methods, validity, and applications. J Clin
Epidemiol, 1997. 58(1): p. 105-16.

Blais, L., A. Vilain, F.Z.Keitani, et al., Accuracy of the days' supply and the number of refills allowed recorded in Quebec prescription
claims databases for inhaled corticosteroids. BMJ Open, 2014. 4(11): p. e005903.

22



14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Cecere, L.M,, C.G. Slatore, J.E. Uman, et al., Adherence to long-acting inhaled therapies among patients with chronic obstructive
pulmonary disease (COPD). COPD: Journal of Chronic Obstructive Pulmonary Disease, 2012. 9(3): p. 251-252.

Cecere, L.M,, J.E. Uman, L.L. Taylor, et al., Effects of adherence to inhaled pharmacologic therapy and otutcomes among patients with
COPD. American Journal of Respiratory and Critical Care Medicine, 2012. 185.

Gorman, K.M., K.A. Boaz, R. Wade, and R.M. Miller, Employee medication adherence: Pharmacy cilaims analysis of an employer-
sponsored onsite health center. Value in Health, 2012. 15 (4): p. A17.

Ivanova, J.1., H.G. Birnbaum, M. Hsieh, et al., Adherence to inhaled corticosteroid use and !scal adverse events in persistent asthma.
American Journal of Managed Care, 2008. 14(12): p. 801-9.

Rolnick, S.J., P.A. Pawloski, B.D. Hedblom, S.E. Asche, and R.J. Bruzek, Patient characteristics associated with medication adherence.
Clinical Medicine and Research, 2013. 11(2): p. 54-65.

Ducharme, F.M,, F.J. Noya, F.C. Allen-Ramey, et al., Clinical effectiveness of iahaled corticosteroids versus montelukast in children with
asthma: prescription patterns and patient adherence as key factors. Curr Med Res Opin, 2012. 28(1): p. 111-9.

Krigsman, K., J. Moen, J.L.G. Nilsson, and L. Ring, Refill adherence by the e!derly for asthma/chronic obstructive pulmonary disease drugs
dispensed over a 10-year period. Journal of Clinical Pharmacy and Therapeutics, 2007. 32(6): p. 603-611.

Gamble, J., M. Stevenson, E. McClean, and L.G. Heaney, The prevalence ¢f nonadherence in difficult asthma. Am J Respir Crit Care Med,
2009. 180(9): p. 817-22.

Sherman, J., A. Hutson, S. Baumstein, and L. Hendeles, Telephaning the patient’s pharmacy to assess adherence with asthma
medications by measuring refill rate for prescriptions. The Journal of Pediatrics, 2000. 136(4): p. 532-536.

Harbig, P., I. Barat, P. Lund Nielsen, and E.M. Damsgaard, Instantaneous detection of nonadherence: quality, strength, and weakness of
an electronic prescription database. Pharmacoepidemicl Drug Saf, 2012. 21(3): p. 323-8.

Heisler, M., M.M. Hogan, T.P. Hofer, et al., Wheri more.is not better: treatment intensification among hypertensive patients with poor
medication adherence. Circulation, 2008. 317(22): p.2884-92.

Williams, L.K., E.L. Peterson, K. Wells, et-al., A cluster-randomized trial to provide clinicians inhaled corticosteroid adherence information
for their patients with asthma. J.Allergy Clin.Immunol., 2010. 126(2): p. 225-31, 231.

Vollmer, W.M., A. Feldstein, D.H. Smith, et al., Use of health information technology to improve medication adherence. Am J Manag Care,
2011. 17(12 Spec No.): p. Sp79-87.

Dixon, B.E., A.H. Alzeer, E.O/ Phillips, and D.G. Marrero, Integration of Provider, Pharmacy, and Patient-Reported Data to Improve
Medication Adherence for Type 2 Diabetes: A Controlled Before-After Pilot Study. IMIR Med Inform, 2016. 4(1): p. e4.

Cameron, R., A sequential mixed model research design: Design, analytical and display issues. International Journal of Multiple Research
Approaches, 2009.-2(2): p. 140-152.

23



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

Steele Gray, C., A.l. Khan, K. Kuluski, et al., Improving Patient Experience and Primary Care Quality for Patiznts With Complex Chronic
Disease Using the Electronic Patient-Reported Outcomes Tool: Adopting Qualitative Methods Into a User-Centered Design Approach.
JMIR Res Protoc, 2016. 5(1): p. e28.

RQRM. reMed : Data Registry for Prescribed Medications / Banque de données sur les médicamerts d'ordonnance. Available from:
www.rgrm.ca/plateformes/optimisation-de-l-usage/64-4-remed-data-registry-for-prescribed-inedications-banque-de-donnees-sur-les-
medicaments-d-ordonnance.html.

Nau, D.P., Proportion of days covered (PDC) as a preferred method of measuring medicatioii adherence. Springfield, VA: Pharmacy
Quality Alliance, 2012.

Blais, L., M.F. Beauchesne, E. Rey, J.L. Malo, and A. Forget, Use of inhaled corticosteroids Qiiing the first trimester of pregnancy and the
risk of congenital malformations among women with asthma. Thorax, 2007. 62(4): p. 320-8.

Martel, M.-J., E. Rey, M.-F. Beauchesne, et al., Use of inhaled corticosteroids during pregnancy and risk of pregnancy induced
hypertension: nested case-control study. BMJ, 2005. 330(7485): p. 230.

Boulet, L.-P., A. Becker, D. Bérubé, R. Beveridge, and P. Ernst, Summary.of recommmendations from the Canadian asthma consensus
report, 1999. Canadian Medical Association Journal, 1999. 161(11 suop! 2): p. S1-S12.

Blais, L., M.-F. Beauchesne, and S. Lévesque, Socioeconomic stati's and rriedication prescription patterns in pediatric asthma in Canada.
Journal of Adolescent Health, 2006. 38(5): p. 607.e€9-607.e16.

Martin, L.R., S.L. Williams, K.B. Haskard, and M.R. DiMatteo, The chailenge of patient adherence. Therapeutics and Clinical Risk
Management, 2005. 1(3): p. 189-199.

Blais, L., F.Z. Kettani, M.F. Beauchesne, et al., New nieastre of adherence adjusted for prescription patterns: the case of adults with
asthma treated with inhaled corticosteroid monctherapy. Ann Pharmacother, 2011. 45(3): p. 335-41.

Marceau, C., C. Lemiere, D. Berbiche, S. Perreauit, and .. Blais, Persistence, adherence, and effectiveness of combination therapy among
adult patients with asthma. J Allergy Clin.Immuno!., 2006. 118(3): p. 574-581.

Cyr, M.C., M.F. Beauchense, C. Lemiere, and L. Blais, Comparison of the adherence and persistence to inhaled corticosteroids among
adult patients with public and private druginsurance plans. ) Popul Ther Clin Pharmacol, 2013. 20(1): p. e26-41.

World Health Organization, Adhererice to Long-Term Therapies: Evidence for Action. 2011: Geneva.

Wechsler, M.E., Managing asthma i piirnary care: putting new guideline recommendations into context. Mayo Clin Proc, 2009. 84(8): p.
707-17.

24


http://www.rqrm.ca/plateformes/optimisation-de-l-usage/64-4-remed-data-registry-for-prescribed-medications-banque-de-donnees-sur-les-medicaments-d-ordonnance.html
http://www.rqrm.ca/plateformes/optimisation-de-l-usage/64-4-remed-data-registry-for-prescribed-medications-banque-de-donnees-sur-les-medicaments-d-ordonnance.html

Figure 1. Overview of study design
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Figure 2. Med-Resp Prototype

Figure 2a. Number and duration of prescriptions dispensed in the year preceding the medical visit
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Figure 2b. Medication use during the last 4 trimesters prior tc the medical visit
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Figure2a. Monthly dispensing of asthma controller, SABA medications, and oral corticosteroids in the year preceding the medical
visit. Each rectangle represents a dispensing and the length of the rectangle is proportional to the prescripticn duration.

Figure 2b. Bar charts illustrating the daily dose of ICS, number of oral corticosteroids prescriptions, and weekly doses of SABA on a
quarterly and annual basis.

ICS: Inhaled corticosteroids; LABA: Long-Acting Beta2-agonists; OCS: Oral corticosteroids; LTRA: Leukotriene receptor antagonists; Tio: Tiotropium; SABA:
Short-acting beta2-agonists; Theo: Theophylline
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Figure 3. Recruitment of participants for the feasibility assessment and exploration of effectiveness
of Med-Resp to improve adherence
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Table 1. Characteristics of patients eligible for the study

Patient characteristics, upon recruitment in RESP

Patients who accepted
to participate

the analysis*

Patients included in

| Patients who refused
to participate

(n=56) (n=23) \\ (n=71)
Age, mean + SD 59.4+£10.8 48.7+ 956 44,7 +£13.2
Female, n (%) 34 (60.7) 12 (52.2) 39 (54.9)
Atopy |
Yes 25(44.6) 12 (52.2) 38 (53.5)
No 24 (42.6) 81(34.8) 19 (26.8)
Missing 7(12.5) | 3 (13.0) 14 (19.7)

Years since asthma diagnosis, mean + SD

19.3+ 155 (n=54)

22.1+ 16.0 (n=21)

195 + 14.3 (n=64)

ACQ score, mean + SD

1.2 +1.0 (n=51)

1.0 £ 0.8 (n=20)

15+ 1.2 (n=65)

% FEV; predicted, mean + SD

82.3 * 27.2 (n=50)

75.4 £ 23.8 (n=20)

80.0 £ 25.9 (n=65)

Adherence to most commonly prescribed controller
medications, PDC, mean + SD

Inhaled corticosteroids

Inhaled corticosteroids and long-acting beta2-agonists

54.6 + 29.2 (n=52)
52.5 £ 28.5 (n=39)

60.7 + 28.6 (n=21)
57.2 + 25.0 (n=18)

43.0 £ 31.0 (n=62)
40.3 + 28.4 (n=43)

ACQ: Asthma control questionnaire; FEV1: Forced expiratorv volume in one second; PDC: Proportion of Days Covered
* These 23 patients are included among the 56 patients who initially accepted to-participate in the study
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Table 2. Patterns of medication use when Med-Resp was made available to the respiratory physiciarns

Patterns of asthma medications prescribed N (%) _]
Inhaled corticosteroids only 1(44) |
Inhaled corticosteroids and long-acting beta2-agonists 10 (435) |
Inhaled corticosteroids, long-acting beta2-agonists, and long-acting anticholinergics | 2 (8.7)
Inhaled corticosteroids, long-acting beta2-agonists, and leukotriene receptor 6 (26.1)
antagonists -

Inhaled corticosteroids, long-acting beta2-agonists, leukotriene receptor antagonists, -| 2 {13.0)

and long-acting anticholinergics N |

Long-acting anticholinergics only 1144
Patterns of asthma medications dispensed, as recorded in reMed mean + SD
Daily dose of inhaled corticosteroid (ug/day in fluticasone equivalent) used in the 114.9 £ 106.2
previous year, mean + SD L ADS

Weekly doses of short-acting beta2-agonists used in the previous year 2.9 £3.7
Number of oral corticosteroids prescriptions dispensed in the previous year, mean+ | 1.3+3

SD
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Table 3. Adherence assessment over a six-month period with and without access to Med-Resp

Adherence assessment*

Asthma medications

No access to Med-Resp
Mean PDC (%) = SD

Mean PBC (%) + SD

Access to Med-Resp- |

Mean Difference
PDC (%) (95% CI)

Inhaled corticosteroids + Long-Acting Beta2-agonists 64.1+24.5 64.4 +24.5 04 (-12.6;13.4)
combination therapy (n=19) $

Inhaled corticosteroids (alone or in combination) (n=22) 66.6 + 28.8 67.7 £ 23.4 1.1(-10.02 ; 12.2)
Long-Acting Beta2-agonists (n=20) 63.7 +30.9 | 648 2239 1.1(-11.3;13.5)
Leukotriene Receptor Antagonists (n=7) 77.3+34.2 73.0+34.7 -4.3(-7.6; -1.0)
Tiotropium (n=6) 60.2 + 32.4 . |B65+319 -3.7(-13.2;5.8)

*Adherence was assessed for medications that were prescribed both before and after the visit with access to Meaﬂasp
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Development of a Graphical Tool to Measure Medication Adherencein Asthma Patients:
A Mixed-Methods Pilot Study

ONLINE SUPPLEMENTARY FILE

I nterview Guide — Focus Group with Respiratory Physicians

A. Therapeutic relations and physician-patient communication

1.

2.
3.

Can you describe atypical medical visit with your asthma patients (duration, patient/physician
dynamics)?

Do you discuss medication adherence with your asthma patients? How do you assess it?
What strategies do you use to assess medication adherence? How often do you assessit?

B. Development of a tool based on prescription refills

1.

2.

3.

4.
S.

What additional information would you require to monitor your patients” medication adherence
and use in amore adequate manner?

Would atool based on prescription refills be relevant in clinical practice? Would it help you
assess medication adherence and use?

In the clinical practice, what would be the most appropriate metric to measure medication
adherence based on prescription refills (number of refills, percentage of adherence, graphical
format, etc.)?

What impact would such atool have on the physician-patient relationship?

What impact would such atool have on your patients’ medication adherence?

I nterview Guide — Focus group with Patients

A. Disease management & physician-patient communication

1.
2.

3.
4.

Since when have you been diagnosed with asthma?

Can you describe your medical visits and your relationship with your respiratory physician? Do
you discuss your medication use with your physician?

Do you sometimes modify the dose of asthma medication that was prescribed by your physician?
What strategies do you use to remember to take your medication on a day-to-day basis? Do you
sometimes forget to take your medication?

B. Development of a tool based on prescription refills: ethical considerations and patient acceptability

1.

We would like to develop atool that would allow your respiratory physician to have access to
detailed information concerning your asthma medication use, based on your prescription refills at
the pharmacy. Thistool will allow your physician to have access to a more objective measure of
your medication use and adherence.

To what extent would you feel comfortable with your physician having access to this kind of
information?

Would you like to have access to detailed information regarding your prescription refills for your
asthma medication or would you prefer that your physician directly shares with you this
information?

What impact would such atool have on your relationship with your physician? Do you think that
it will facilitate the communication concerning your medication use?



Development of a Graphical Tool to Measure Medication Adherencein Asthma Patients:
A Mixed-Methods Pilot Study

Post-visit follow-up questionnair e with physicians

1. Did you consult the M ed-Resp during your patient’s medical visit?
1 Yes
"1 No, pleasejustify

2. Werethe data presented in the M ed-Resp easily interpretabl e?
1 Yes
"1 No, pleasejustify

3. Didthe Med-Resp report help you better evaluate the medication use of your patient?
[l Yes
"1 No, pleasejustify

4. Didthe Med-Resp report help you adjust the medication doses of your patient?
[l Yes
1 No, please justify

5. Did the Med-Resp report facilitate the communication with your patient concerning his/her
asthma medication use?
1 Yes
1 No, pleasejustify




Development of a Graphical Tool to Measure Medication Adherencein Asthma Patients:
A Mixed-Methods Pilot Study

Follow-up guestionnaire with patients (phoneinterview)

1.

During your last medical appointment, did you discuss your medication use with your respiratory
physician?

1l Yes
1 No

Did your respiratory physician mention that he consulted the information presented in the Med-
Resp report?

[l Yes
[1 No

Did your respiratory physician share with you the information presented in the M ed-Resp
report?

[0 Yes
[0 No

Did your respiratory physician discuss the number of times you refilled the medications
prescribed to treat your asthma during the year preceding your medical visit?

1 Yes
] No
Do you think that the Med-Resp report has facilitated the discussion with your respiratory

physician concerning your medication use?

1l Yes
1 No
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