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Introduction

Medication adherence is defined as the extent to which a person’s behavior coincides with
medical advice.(1) Studies have shown that approximately 50% of patients stop taking their
medications 6 months after initiation. (1, 2) When patients stop taking their medications, drug
actions fade, as summed up by the US surgeon C. Everett Koop saying: “Drugs don’t work in
patients who don’t take them”. The association between drug non-adherence and clinical
outcomes is well known in the literature (3), but most studies considered adherence solely as
the ratio of doses taken and the number of doses prescribed without taking into account the

different drugs patients may have or the different adherence behaviors the may exhibit.

1.1Medication adherence as a dynamic process

In the literature, adherence is often defined as a percentage of taken doses on the total number
of prescribed doses. Usual threshold used to define “good adherence” is a patient taking
>80% of all prescribed doses. This threshold may be different for specific treatments: for
example, a patient is considered adherent for antiretroviral treatments only if he takes >95%
of prescribed doses (1, 4).

However, medication adherence cannot be simply summarized as a rate of drug intakes. It is a
complex and dynamic process where patients adhere differently to their multiple drugs and
exhibit various medication-taking behaviors (as drug holidays, missing doses or schedule
errors) (5, 6). A taxonomy published by Vrijens et al. describes adherence as a process
divided into three phases (7). First, a patient starts to take the first dose: it is the initiation.
Second, the patient continues to take the treatment: the extent to which dosing corresponds to
the prescribed dosing regimen defines the implementation. Third, the patient may stop the
treatment: the end of the therapy defines the discontinuation. Finally, persistence is defined as

the length of time between initiation and discontinuation.



1.2Clinical consequences of poor implementation

The risk of adverse events due to poor implementation varies according to: the drug
concerned, the disease being treated, the length of drug interruption or the frequency of
missed doses.

Adverse events caused by imperfect medication intakes may range from minor symptoms to
suboptimal clinical benefit (8), poor control of the iliness (9), emergence of treatment-
resistance (10) or life-threatening event (11). The seriousness of these adverse events depends
on the patient health status, the drug and the disease being treated. For example, in
transplantation therapy, even minor deviation of optimal adherence to immunosuppressive

treatment can lead to severe consequences (12).

In the literature, studies on consequences of non-adherence have described the potential
adverse events which may occur due to poor adherence (for example risk of stroke and major
bleeding among patients with atrial fibrillation taking anticoagulants (11) or graft loss and
mortality after kidney transplantation (12)). In these studies, threshold for non-adherence was
a patient taking <80% of prescribed doses. Only few studies have tried to assess an acceptable
cut-off for “good adherence” (13, 14). However, these studies used to define this cut-off as
drug intake rate (15) such as the proportion of days covered (PDC) or medication possession
ration (MPR). As of today, the effects of specific medicine-taking behaviors (drug holidays or
episodic drug omissions) are not accurately known. To the best of our knowledge, there is no
accurate description of the consequences of these precise behaviors in any treatment context.
Providing these data could contribute to build a “global risk mapping” of medication non-

adherence behaviors.

1.3The concept of forgiveness

A first approach to solve this issue and to take into account the effects of medicine-taking
behaviors could be to consider drugs’ forgiveness. Drug forgiveness (F) is the difference
between the medication’s post dose duration of beneficial action (D) and the prescribed
dosing interval (1): F=D-I (5). Drug forgiveness depends on pharmacokinetic and
pharmacodynamics of the drug. However, estimation of drug forgiveness is difficult and

involves either “placebo-substitution-for-active” (16) which are limited for ethical reasons (5)



or complex models based on pharmacokinetic and pharmacodynamics properties of the drugs
(17). In addition, if drug forgiveness evaluates the short-term risk of adverse events due to
poor implementation of a given drug, it does not take into account the seriousness of the
potential adverse event, nor the long-term consequences of poor adherence (e.g. poor control

of the illness).

1.4 How much adherence is enough?

For patients with multiple medications, perfect drug adherence (all doses taken at the correct
time, during their whole lives) may be unrealistic (18). Therefore, clinicians facing patients
with various medication-taking behaviors have to assess how much non-adherence is
acceptable to achieve desired therapeutic effects (19) without unnecessarily increase the
patient’s burden of treatment.

In this study, we propose to focus on the level of non-adherence acceptable by physicians. We
hypothesize that physicians’ clinical experience will allow them to integrate the different
aspects involved (the risk of an adverse event occurring, the seriousness of the potential
adverse event, the timeline for the occurrence of the event, the disease being treated, patient’s
burden of treatment, and time needed for intervention to improve patient adherence) in their

decision.



2. Objective

Our aim is to assess the acceptable non-adherence threshold, according to physicians, for a

large number of different long-term treatments.

3. Methods

The MAAPP study is a survey among physicians about the acceptable non-adherence
threshold for different long-term treatments. Each participating physicians will contribute to
the study by evaluating a small number of medications. From all answers, we will determine
the acceptable non-adherence thresholds for a large number of medications.

The study involves 3 steps: 1) development of the survey; 2) identification of the medications

that will be assessed; and 3) data collection and analysis.

3.1 Step 1: Development of the survey

Our survey is intended to assess the acceptability of different non-adherence behaviors and

their magnitude, according to physicians, for a large number of medications and conditions.

1. Literature search

We first searched the literature to theoretically conceptualize the content of the questionnaire.
This search aimed to:

1) Define the medication non-adherence behaviors assessed in the study

2) Adapt the wording of the introductory sentences and the clinical vignettes of the

questionnaire

2. Draft of a preliminary version of the questionnaire



In the literature, we identified various medication-taking behaviors as drug holidays, missing
doses or schedule errors (1, 5, 6). We chose to focus on 1) drug holidays and 2) missing
doses.

A working group composed of two general practitioners (SS and V-TT) and a professor of
epidemiology (PR) elaborated a preliminary survey under the form of clinical vignettes
presenting a standard patient taking a given medication in a given condition. The clinical
vignette was followed by two questions assessing: 1) the threshold for inacceptable risk for
varying frequency of drug omissions, and 2) the threshold for inacceptable risk for varying
drug holidays length.

Questions were inspired from both: 1) studies describing consequences of medication
adherence, globally (15) and in specific medical areas (3, 9, 11, 12, 20-23); and 2) studies on
how to communicate risk (24-26) and risk assessment (27-29).

We devised the survey so that each physician participating in the study would answer 10

clinical vignettes for drugs and conditions related to his medical specialty (see below).

3. Pilot testing of the questionnaire

Clarity and understanding of the questions were during a first pilot-testing with 4 physicians
using the double interview method. In the double interview, researchers ask participants to
answer the question and then explain why they chose a particular answer. Discrepancies
between what was intended and what was understood by participants will be noted to adapt
the wording (30). We took into account all their comments and modified the preliminary
content of the website.

Resulting questions of the web-based survey tool are detailed in Appendix.

4. Technical development of the internet platform

Our study will be conducted online using a dedicated website. We adopted an approach
inspired by crowd sourcing platforms (31) to allow assessment of a large number of
medications. Each participant will be invited to complete the survey and assess 10 clinical
vignettes, representing 10 “medication/indication” situations (a specific drug in a given
therapeutic indication) randomly selected in the database. We chose this approach because it

was not feasible to ask participants to rate all possible drugs.



The technical procedure will be tested before the survey.

The internet platform will be designed by a web designer.

3.2 Step2: Identification of the medications that will be assessed

In this study, we intend to assess a large number of medications commonly taken by patients.
To determine the medications that will be assessed, we used the list of medications
reimbursed by the National Insurance System in France during the first semester 2015.

One investigator (SS) grouped medications by pharmaceutical substance, as named in the
International non-proprietary naming (INN) convention.

One example is detailed in Figure 2.

Initial List of medications

CommercialName Substance (INN convention)
STAGID METFORMINE
GLUCOPHAGE METFORMINE

&

List of medications after regrouping by substance

CommercialNames Substance (INN convention)

STAGID, GLUCOPHAGE METFORMINE

Figure 2. Medications regrouping process

Two investigators (VT-T, SS), then independently excluded:
- Medications prescribed less than daily
- Medications prescribed only for acute or pediatric conditions
- Medications for diagnostic purpose
- Vaccinations, electrolyte solutions, antiseptics

Discordance between their decisions was resolved by consensus.

We kept in the database medications for which more than 100000 pillooxes had been
reimbursed during the first semester 2015.



For each medication in the list, one investigator (SS) searched the French Vidal Dictionary for
the corresponding therapeutic indication(s) and usual daily dosage. When several indications

or recommended dosages were proposed, we created multiple corresponding rows.

List of medications after regrouping by substance

CommercialNames Substance (INN convention)

STAGID, GLUCOPHAGE METFORMINE

AVLOCARDYL PROPANOLOL

List of medications assigned to corresponding therapeutic indications

Commercial Names Substance (INN Medical Indication
convention)

STAGID, GLUCOPHAGE METFORMINE Diabetes treatment
AVLOCARDYL PROPANOLOL Long-term treatment after myocardialinfarction
AVLOCARDYL PROPANOLOL High blood pressure treatment
AVLOCARDYL PROPANOLOL Migraine long-term treatment
AVLOCARDYL PROPANOLOL Supraventricular rhythmdisorders treatment

Figure 3. Therapeutic indications assignment process

Finally, we created sub-lists of medications relevant to the different medical specialties. In the
database from the National Insurance System in France, there is the information on the
medications most prescribed by ambulatory specialists. From this information, we devised
specialty lists consisting of the 40 medications most prescribed (in terms on number of
pillboxes) in ambulatory specialists. For general practitioners, we considered the 200 most
prescribed medications. In case a medical specialty was not represented in the data from the
National Insurance System (e.g. they only work in hospitals), one investigator (SS) assigned

40 medications to them.

3.3 Step 3: Data collection



1. Participants

Participants will be physicians, with an access to internet and understanding French

Language.

We will exclude medical students, residents, and retired physicians or pharmacists.
Participants will be approached by various ways: university networks, hospital networks
social networks, congresses. Physicians who have participated in the study will be encouraged
to invite colleagues to participate (snowball sampling).

Participants will be informed about data analysis respecting confidentiality. The study website
has been declared to the French Data Protection Authority (CNIL).

2. Web-based survey tool

Participants’ characteristics
We will collect basic demographic information (age, sex, country) and professional

information (medical specialty, ambulatory or hospital practice setting).

10-clinical vignettes questionnaire

Then, participants will complete 10 clinical vignettes (corresponding to a specific drug in a
given therapeutic indication) randomly selected from the list of medications corresponding to
their specialty. If they already assessed all medications from their specialty, they will assess a
random medication from the database, which they did not previously assess. For each
medication we will collect information on: 1) their estimation of the frequency of drug
omission which may put the patient at inacceptable risk; and 2) their estimation of the

duration of a drug holiday that may put the patient at inacceptable risk.

3.4 Statistical analysis

1. Sample Size

We planned to collect a minimum of 10 physicians’ answers for each clinical vignette. As a

result, we would need a minimal about 5280 physicians’ answers (i.e. 528 physicians).



2. Farticipants’ characteristics

Participants’ descriptive data will be presented with numbers and proportions for categorical

variables, and with medians and IQRs for continuous variables.

3. Threshold for acceptable non-adherence

For each situation (a given medication in a therapeutic indication), we will report the number
(%) of participants choosing each possible response.

For drug omissions, frequencies of dose skipping range from « once a month » to «always
acceptable regardless frequency ». Durations of drug holidays range from « two or three
days » to « always acceptable regardless duration ».

For each situation, we will use boxplots to represent the participants’ answers. We will define
the threshold for acceptable non-adherence as the 75t percentile of the distribution of
participants’ answers for question. We will present the boxplots ordered by two different
ways: 1) the 75" percentile of the distribution of participants’ answers, and 2) the size of the
interquartile range, respectively focusing on two different issues: 1) the threshold for
acceptable non-adherence, and 2) the extent to which a consensus among participants was
reached.

We will perform sensitivity analyses to assess how the change in the threshold definition may

change the results.

4. Aggregating drug/indications situations

We will report the results on three different aggregate levels: 1) we will pool drugs from the
same class in the same therapeutic indication (for example “statins for secondary
cardiovascular prevention” or “calcic inhibitors for high blood pressure”); 2) we will pool
drugs from the same class (for example “proton pump inhibitors”) and 3) we will pool drugs

in the same therapeutic indication (for example “asthma”).

We will use complete case analysis to manage missing data. All statistical analyses will

mvolve the use of R V.2.13.1 (http//www.r-project.org).
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5. APPENDIX

1. Questions for medications taken once daily

Le patient vous apprend qu’il saute une prise de ce médicament de temps en temps.
Selon vous, quand le risque encouru pour sa santé devient-il inacceptable?

Pour un saut d'une prise survenant :

1 jour par mois

2 jours par mois

3 jours par mois

1 jour par semaine
2 jours par semaine
3 jours par semaine

Risque toujours acceptable quelque soit la fréquence des sauts

Autre :

TS TS TS TS TS TS TS TS

Je ne sais pas

Le patient vous apprend qu’il fait des pauses de PLUSIEURS JOURS CONSECUTIFS sans
prendre le médicament.
Selonvous, quand le risque encouru pour sa santé devient-il inacceptable?

Pour une pause d'une durée de :

2-3 jours
4-5 jours
6-7 jours

2 semaines
1 mois

Risque toujours acceptable quelque soit la durée de la pause

Autre : I

S TS TR T TS T

Je ne sais pas

2. Questions for medications taken twice or three times a day



Le patient vous apprend qu’il saute une prise de ce médicament de temps en temps.
Selon vous, quand le risque encouru pour sa santé devient-il inacceptable?

Pour un saut de prise concernant :

une prise de la journée, 1 a 2 fois par mois
toutes les prises, 1 jour par mois

toutes les prises, 2 jours par mois

toutes les prises, 3 jours par mois

toutes les prises, 1 jour par semaine
toutes les prises, 2 jours par semaine
toutes les prises, 3 jours par semaine

Risque toujours acceptable quelque soit la fréquence des sauts

Autre :

TS TS TS TS TS TR B TS T

Je ne sais pas

Le patient vous apprend qu’il fait des pauses de PLUSIEURS JOURS CONSECUTIFS sans
prendre le médicament.
Selonvous, quand le risque encouru pour sa santé devient-il inacceptable?

Pour une pause d'une durée de :

2-3 jours
4-5 jours
6-7 jours

2 semaines
1 mois

Risque toujours acceptable quelque soit la durée de la pause

Autre :

TS TS TS TS TS T T

Je ne sais pas



