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Purpose: To evaluate the acceptability, retention, and efficacy of face-to-face intervention, incorporating education and Motivational 
Interviewing (MI) to support persons with relapsing-remitting multiple sclerosis (PwRRMS) and increase self-reported medication 
adherence.
Patients and Methods: PwRRMS (N = 60) prescribed Disease Modifying Treatment (DMT), who were identified as non-adherent 
and consented to participate in an intervention, received verbal education and counseling from their treating physician, a tailored MI 
counseling and a booster session via telephone with a health psychologist, and a concluding MI counseling six months later. Each 
PwRRMS filled a battery of patient-reported outcomes (PROs) at baseline, six and 12 months later. The design was a quasi- 
experimental pre-test post-test across a year.
Results: Of the sixty identified persons who consented to enroll, 52 completed the intervention and 46 completed the follow-up. At six 
months following the baseline, adherence scores increased (median = 12.0) and were significantly different than at baseline 
(median=10.0, p = 0.030). Still, at 12 months follow-up there was no significant difference from baseline in reported adherence 
(median = 11.0, p = 0.106).
Conclusion: This study demonstrated reasonable retention and initial efficacy of a combined psycho-education and MI protocol for 
PwRRMS to enhance medication adherence to DMT. To maintain the change, a more sustained intervention is required.

Plain Language Summary: The study focused on persons with relapsing-remitting multiple sclerosis (PwRRMS) who do not adhere 
to their prescribed medication. 

Following the identification of non-adherent persons, PwRRMS were offered an intervention to increase their adherence. The study 
examined how many of those identified consented to enroll in the intervention, how many remained in the intervention, and whether 
the intervention was efficacious in terms of self-reported adherence. 

The intervention included verbal education and counseling from the treating physician, immediately followed by tailored counseling 
by a psychologist. There was a booster session via telephone with the psychologist, and a concluding counseling meeting six months 
later. Participants were followed for a year after the initial counseling. 

Two-thirds of PWMS identified as non-adherent consented to enroll (n = 60), 52 completed the intervention and 46 completed the 
follow-up. At six months following counseling, self-reported adherence scores significantly increased, but at 12 months follow-up 
there was no significant difference from baseline in reported adherence. To maintain the change, a more sustained intervention is 
required. 
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Introduction
Disease-modifying therapies (DMTs), currently a mainstay of treatment strategies for persons with relapsing-remitting 
multiple sclerosis (PwRRMS), have been shown to limit the number of relapses, prevent new lesion formation, as well as 
reduce the accumulation of disability.1 Adherence to DMT has also been associated with improved quality of life, 
a decrease in neuropsychological issues and fewer days of work loss.2,3 Alongside, adherence to DMT also reduces 
hospitalizations, emergency visits, and outpatient visits, also manifested in reduced annual medical care costs at the 
societal level.4,5 Adherence is especially important in chronic conditions, and more so when disease onset is at an early 
age, requiring many years of treatment.

Despite the above benefits, there are specific challenges to consistent DMT use. While the need for DMT may not 
seem clear in times of disease inactivity or mild course, as disease progression is unnoticeable to PwRRMS,6 the costs of 
medication taking is prevalent: PwRRMS report on many adverse side effects6,7 which are a main component of 
satisfaction with medication.8

The therapeutic and economic benefits, however, are contingent upon adherence to DMT dose and its administration 
schedule. Though adherence may be relatively high among PwMS, as compared to other illness,9 a recent meta-analysis 
on oral DMT adherence found that before one year of treatment, 20% of PwRRMS were not taking it as prescribed,10 

known as non-adherence,11 and one in four PwRRMS discontinued treatment, known as non-persistence.12 The rates of 
adherence to injectable DMT range 25–50% within 1–5 years.4 Reasons for non-adherence vary,13 spanning from social- 
economic, health care system, condition-related, therapy-related to patient-related. Among PwMS, most of the studies on 
adherence focused on social-economic or therapy-related factor (eg, administration modality), and studies on reasons 
uncovered both intentional and non-intentional ones. In our longitudinal observational study of PwRRMS we found that 
the most consistent reason across times was intentional, specifically beliefs about medications.14

A meta-analysis on 771 intervention trials to increase medication adherence reported a moderate effect size,15,16 if 
any; the meta-analysis’ authors recommended using face-to-face interventions and focus on behavioral strategies and less 
on knowledge and beliefs.15 Medication adherence interventions among PwMS are few;17–22 the reported interventions 
are tailored, using either digital tools or motivational interviewing (MI), the latter delivered either via telephone or face- 
to-face. The studies on adherence among PwMS identified the following determinants of non-adherence: Medication 
beliefs, adverse events, treatment satisfaction, affective states, and memory. However, most of the studies focused on 
persistence or re-initiation of DMT,20,23,24 and not on adherence; the studies on adherence19,21 did not find the 
interventions efficacious or were very small.22 Specifically, an intervention using MI showed no significant differences 
between the visits19, possibly due to a ceiling effect, and neither did an intervention using smartphone reminders;21 

another intervention employing randomized trial included only 19 PwMS in both arms.22 The present study is, therefore, 
an additional attempt to examine acceptability – willingness of PwRRMS to enroll in an adherence-promoting interven-
tion, retention in the intervention, and initial efficacy of a medication adherence intervention focusing on identified non- 
adherent individuals. The intervention was designed to be tailored to the specific reasons of non-adherence, aiming at 
empowering the PwRRMS. MI, previously shown to increase patients’ adherence to treatment,22,25 was utilized. The 
main research question was whether the developed intervention see full details in (26) increased adherence, and if so, 
whether changes also took place in related variables: medication habit and beliefs about medications.

Materials and Methods
Participants
This study is part of a larger observational study on medication adherence14 where PwRRMS (n = 230) were assessed 
every six months for two years. Participants in the current study were screened for eligibility and enrolled if eligible and 
in agreement. Eligibility criteria included being prescribed oral/injectable DMT (Fingolimod, Dimethyl Fumarate, 
Interferon beta-1a and Glatiramer Acetate, Teriflunomide) for >6 months, and identification as non-adherent by self- 
reports or medication claims records (being in low or medium-low categories of ProMas (see below) or <80% medication 
claims per regimen). Exclusion criteria were as follows: (1) discontinuation of the medication on which non-adherence 
was identified, (2) being non-Hebrew speaking, as the intervention was only available in Hebrew. The decision to 
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participate in the intervention was determined jointly by the PwRRMS and the attending physician. Ninety-one 
PwRRSM were identified as eligible, 60 agreed to enroll (Visit 1), 52 completed the intervention (Visit 2) and 46 also 
completed the 12-months follow-up. The study was carried out at Carmel Medical Center’s specialized MS clinic in 
Haifa, Israel, serving about 3000 PwMS who reside mostly in northern Israel.

Design
The pilot study utilized quasi-experimental pretest posttest design and a follow-up assessment; this within-subject design 
was employed assuming a moderate degree of recruitment consent and retention, which could limit the power detecting 
a difference in efficacy. Anticipating that we may end up with 40 participants at follow-up, a power of 0.79 was estimated 
to be sufficient to identify a difference of 0.45 standard deviation (effect size) at a 0.05 significance level.

Procedure
The intervention consisted of two main components: psycho-educational, carried out by the treating neurologist, and 
behavioral, utilizing Motivational Interviewing (MI) and carried out by a health psychologist.

The education component took place on Visit 1. It included: a brief explanation on MS, a review of the participant’s 
medical status, a review of scientific evidence supporting the benefits of the specific medication taken by the participant 
(delayed progression of disability, reduced proliferation of lesions, sustained cognitive ability), a discussion of potential 
side effects with a focus on those experienced by the participant and strategies for reducing them. The behavioral 
component followed immediately, lasting for a median of 30 minutes. Questionnaires were administered prior to the 
behavioral part. The MI component on Visit 1 started with a discussion on experiences of coping with the challenges of 
MS, as well as goals and hopes for life with MS. Pros and cons for DMT use/non-use/partial use were then identified, and 
cases of recent missed doses and medication adherence were reviewed. Then the psychologist and participant reviewed 
potential strategies for creating sustained medication adherence (eg, participants identified personal high-risk situations 
of a missed dose; a behavioral analysis of a typical missed dose; discussing ways of preventing circumstances leading to 
a missed dose).

A pre-scheduled telephone conversation between the health psychologist and the participant followed 7–10 days later. 
Missed doses that occurred (if any) were analyzed, the importance of adherence and participant’s self-efficacy were 
reinforced, and the main behavioral change techniques (BCTs) agreed upon in the previous session (Visit 1) were 
repeated, eg, goals setting, implementation intentions, planning coping, self-monitoring, and problem-solving. It lasted 
for a median of 11 minutes.

Visit 2 included, again, medical and behavioral parts. A routine appointment was conducted in the medical part. In the 
behavioral session, personalized MI was employed again, reviewing what happened in the past six months, reviewing 
barriers, successful and unsuccessful BCTs, reinforcing self-efficacy, discussing mid-range future (how one sees oneself 
in five years’ time), and concluding the intervention. This behavioral component lasted for a median of 20 minutes. At 12 
months after baseline, a follow-up included a routine medical appointment and survey administration. Figure 1 describes 
the intervention. Full details on the intervention development can be found in a previous report.26

Assessments
The primary endpoint of the study was a change in a patient reported outcomes (PRO) score of ProMAS,27 assessed at 
baseline (Visit 1), six and 12 months after baseline. The ProMAS is an 18-item questionnaire assessing adherence 
behaviors, and respondents were asked about the last month (eg, “I have never changed my medicine use myself”, “When 
I am away from home, I occasionally do not take my medicines”). Following reversal of pre-determined items, responses 
to the 18 items were averaged, with higher scores representing better adherence rates. Adherence categories are low (sum 
score 0–4), medium-low (sum score 5–9), medium-high (sum score 10–14) and high (sum score 15–18). Internal 
reliabilities of the ProMAS were α= 0.83, 0.82 and 0.83 at Visit 1, Visit 2, and follow-up, respectively.

PwRRMS were also assessed with the Expanded Disability Status Scale (EDSS)28 and a battery of PRO, described in 
detail elsewhere,14 including medication habits, beliefs about medication, illness perceptions, affective states, and quality 
of life.29 All PROs were administered electronically during clinic visits. In addition, the health psychologist 
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administering the MI component recorded her perception of the importance the participant attached to medication 
adherence and perceived efficacy (importance and efficacy “rulers” within MI), each ranging on a scale from 1 to 10.

Demographic details (age, sex, education, social-economic status, and self-rated health) were retrieved from the 
observational study.14

Ethics
All applicable patient privacy requirements and the ethical principles outlined in the Declaration of Helsinki 2008 were 
followed. Written informed consent was obtained, confirming that PwMS was free to leave the study at any time. The 
study was reviewed and approved by the Carmel Medical Center Institutional Review Board (IRB), Israel and was 
registered (#NCT02488343; registration (ClinicalTrials.gov) IDCMC-14-0061-CTIL).

Statistical Analysis
First, descriptive analyses for demographic and clinical characteristics were reported for all participants. For categorical 
variables, counts and percentages are provided, whereas means and standard deviations (SDs) are presented for 
continuous variables. In order to examine acceptability (ie enrollment) and retention (completion of intervention), 
differences in demographic, clinical and PRO variables were examined between those who consented to enroll and 
those who declined, as well as between completers of the intervention and those who dropped out. Categorical variables 
were analyzed using a chi-square test, and continuous variables were analyzed using either t-test or Mann–Whitney 
U-test or Kruskal–Wallis non-parametric tests (depending on the normality of distribution, tested using the Kolmogorov– 
Smirnov test). Second, efficacy of the intervention was evaluated by comparing self-reported adherence at Visit 1 vs Visit 
2, and at Visit 1 vs follow-up, using Wilcoxon Signed-Rank non-parametric test; a parametric test could not be used due 
to a non-normal distribution of the adherence score. Additionally, changes across time in other PRO which could mediate 
the change in adherence (eg, habits, medication beliefs) were also examined. Statistical significance was set for p < 0.05. 
All statistical analyses were performed using SPSS version 26.0.

Results
Description of Participants
The study consisted of 60 PwRRMS who met inclusion criteria and consented to participate. Their characteristics at 
baseline are depicted in Table 1. PwRRMS were predominantly women, assessed their health as below average (Mean = 

Education & 
Motivational 
interviewing.

Identification Visit 1, 
Baseline

Telephone 
booster, 

7-10 days
after baseline

Visit 2, 
Reinforcement
& conclusion 
of 
intervention, 
6 months 
after 
baseline

Follow-up, 12 
months after 
baseline

Motivational 
interviewing.

Figure 1 Study Intervention Procedure.
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1.95 on a 5-point scale) and their physical disability (as measured by EDSS) was relatively low-to-moderate (Mean = 
2.73, SD = 2.01, Median = 2.50, IQR = 1.00–4.00). Respondents have had MS for a mean duration of 8.84 years.

Acceptability and Retention - Recruitment and Retention in the Intervention
Acceptability was examined by the consent to enroll in the intervention study. PwRRMS were followed in a prospective 
observational study.14,30 Out of 229 participants who completed a third observational assessment (18 months into the observa-
tional study), 91 were identified as low in adherence (see details in30) and approached by the treating neurologist for enrollment in 
an intervention. Out of the 91 identified, 62 consented to enroll and 60 of them completed the first session (2/3). The consenting 
group (n = 60) was compared to the non-consenting group (n = 31) on demographic and clinical characteristics: sex, age, 
education, social-economic status (SES), disability status, and MS duration. No significant differences were found on any of the 
variables (p’s > 0.05). It should be noted that several PwRRMS questioned their being identified as non-adherent.

Retention. We examined whether there were differences in the above demographic and clinical characteristics by the 
number of sessions a participant attended (Visit 1, phone, Visit 2, follow-up: four vs three or less sessions). No significant 
differences were found (p’s > 0.05).

We also examined whether the PRO at Visit 1 (medication habits, medication beliefs, illness perceptions, affective 
states, and quality of life) were different by retention in the intervention. We found no significant differences in the 
medication habits and medication beliefs (P’s > 0.05), and we found significant differences in affective states, quality of 
life (specifically, health and psychological) and illness perception: those who participated in all assessment points 
reported on significantly more depression and anxiety, lower health and psychological quality of life, and had worse 
illness perceptions (Z=−2.28, p= 0.022; Z =−2.66, p= 0.005; Z =−2.25, p= 0.023; Z =−2.95, p= 0.001; Z =−2.84, p= 
0.003, respectively, for depression, anxiety, health and psychological quality of life, and illness perceptions).

Primary Outcomes: Self-Reported Medication Adherence
Paired comparison was carried out on self-reported medication adherence (ProMas) at Visit 1 and Visit 2 (6 months later) 
using Wilcoxon Signed-Rank non-parametric test (the distribution was not normal and could not afford a parametric test). 
Data at all time points were available for 39 PwMS. The difference between ProMas at Visit 2 to ProMas at Visit 1 was 
significant, Z = 2.17, p = 0.030, so that the adherence was significantly higher at Visit 2 with an effect size d = 0.26. 
Table 2 displays descriptive statistics of medication adherence at Visit 1, Visit 2 and follow-up. Another paired 

Table 1 Baseline Demographic and Clinical Characteristics (n = 60)

N (%) M (SD)

Age 40.70 (13.90)
Gender, N (%)

Male 18 (30.0)

Female 42 (70.0)
Education

Secondary 20 (33.3)

Post-secondary 9 (15.0)
Tertiary 31 (51.7)

Social Economic Status
Low 5 (8.3)

Average and above 55 (91.7)

Self-rated health, 5-point scale 1.95 (1.14)
Physical disability*

EDSS at baseline 2.73 (2.01)

MS duration in years 8.84 (7.11)

Note: EDSS: Expanded Disability Status Scale* missing data: disability on 2 participants.
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comparison using Wilcoxon Signed-Rank non-parametric test was conducted between self-reported adherence at Visit 1 
and follow-up (12 months later). The difference was non-significant, Z = 1.62, p = 0.106 with an effect size d = 0.21.

Auxiliary Outcomes: PRO Measures of Medication’s Habit and Beliefs and Rating of 
Importance and Efficacy
Paired comparison on PRO of medication habits and beliefs about medication at different times were also conducted. The 
PROs were postulated as potential mediators of the change in adherence. No significant differences were found between 
these PRO at Visit 1 and Visit 2 (P’s > 0.05).

Paired comparisons were also carried out on the importance attached to medication adherence and adherence efficacy. 
These were recorded at Visit 1, phone session, and Visit 2. There was a significant difference in importance between Visit 
1 (Mean = 7.80, SD = 2.26) to importance recorded at the phone conversation (Mean = 8.90, SD = 1.67), Z = 2.93, p = 
0.003, so that recorded importance was significantly higher at the phone conversation. However, the difference between 
Visit 1 and Visit 2 (Mean = 8.38, SD = 2.12) was non-significant, Z = 1.17, p = 0.241. Importance recorded at phone 
conversation (Mean = 8.93, SD = 1.66) was significantly higher than the importance at Visit 2, Z = 2.15, p = 0.032. No 
significant difference in adherence efficacy was found between the sessions (P’s > 0.05).

Discussion
The findings demonstrated the feasibility of a collaborative multi-professional team (a neurologist and a psychologist) 
and the challenges faced in promoting long-term medication adherence. Three-fourth of PwRRMS (46/60) who enrolled 
completed the intervention and a follow-up. Self-reported medication adherence significantly increased six months 
following baseline but at 12 months receded. Those who participated in more sessions were more depressed, anxious, 
and had negative perceptions regarding their health and their illness. No significant differences across time were observed 
in medication habits and persistence.

The study faced similar issues of retention of participants as previous medication adherence interventions among 
PwMS.18,19 The intervention’s results are more promising than the null effects in previous medication adherence 
intervention studies19,21 and the effect size is congruent with the results of the meta-analysis on medication adherence 
interventions15 and other psycho-social interventions among PwMS,31 exhibiting mostly a small effect size 0.20–0.30.

The study has several important implications. First, the study demonstrated the retention and initial efficacy of 
a personalized intervention: self-reported adherence increased. The clinical implications of increased adherence are clear: 
fewer relapses, fewer new lesions, and less accumulated disability. Second, the importance of follow-up was demon-
strated, uncovering a disappointing “triangle effect”, namely an increase in adherence followed by a fade-out of the 
intervention and a return to baseline’s level of adherence. Third, the increased retention in the intervention of PwRRMS 
who were more anxious, more depressed and had lower quality of life in the psychological and health domains, possibly 
exhibited the need for psycho-social support among the participants: those who were worse-off psychologically 
apparently derived benefits from the additional resources offered, even though the intervention did not address 
psychological well-being but rather focused on medication adherence. A qualitative component, not employed in the 
study, could have uncovered their motivation. Fourth, the psycho-educational materials concerning MS and DMT and the 
MI format focused on challenges and coping could be implemented among PwMS not only in the context of non- 
adherence but also as the need for psycho-social support is evident.32

Table 2 Adherence ProMas Score by Time (Visit 1, Visit 2 and Follow-Up)

Visit 1 Visit 2  
(Six months after visit 1)

Follow-up  
(12 months after visit 1)

Mean (SD) 9.74 (4.35) 10.90 (4.67) 10.69 (4.80)

Median 10.00 12.00 11.00

Inter-quartile range 7–13 8–14 4–1
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The study is hampered by several limitations. First, the study’s sample size was small. This allowed for a personalized 
intervention (eg, using the MRI of the PwMS as a demonstration), yet upscaling and integrating the intervention into 
routine clinical care would be challenging and may require structuring the intervention, hence making it less persona-
lized. For example, the educational materials can be produced as a booklet or a video (rather than a conversation with 
a neurologist), but thus be less tailored to the individual. Still, engagement could be attained by using questionnaires, 
games and other activities. The small N also did not allow subgroup analyses for example, by age, gender, or disability 
status. Second, Health Maintenance Organization’s regulations did not allow for online communication outside the 
clinic’s premises (eg, weekly/daily reporting of an adherence diary, using a commercial app along with the psychologist). 
Such communication constraints have eased since the COVID-19 pandemic, which ushered in many secured digital 
health services. Future re-design of the intervention could include ecological momentary assessment (EMA) that will 
allow capturing times of need and a prompt, just-in-time response to a decrease in medication adherence (see response to 
micro-temporal events in smoking.33 The online continuous communication would also address the time constraints of 
PwRRMS. These EMA could be integrated into patient support programs. A third limitation is that about a third of the 
PwMS identified as non-adherent declined to participate. Qualitative work is needed in order to understand their reasons 
and design a suitable product for their needs. A fourth limitation is that the design of this feasibility study did not allow 
for examining the mechanism of change, eg, which component of the intervention worked best (eg, education, MI), or 
what mediated the change. Still, the study did examine whether habits and medication beliefs changed across the 
different times; as there were no significant differences across the times, they were not tested as potential mediators of the 
change in adherence. The fifth limitation is the quasi-experimental pretest-posttest design of the study, lacking a control 
group, and the reliance on self-reported data. Alongside, the method of recruiting non-adherent PwMS, focused only on 
identified non-adherent people, rather than utilizing random sampling or stratification by adherence levels, thus possibly 
introducing a selection bias. Lastly, the current intervention addressed mostly patient (eg, beliefs, motivation) and 
therapy-related (eg, side effects, scheduling) factors associated with adherence and did not address such factors as 
healthcare system and condition-related factors.13

The study also had several strengths. First, it tailored the intervention to the specific participant, employing in-person 
sessions with two health professionals and demonstrating a commitment to extensive patient-provider communication. 
Second, the researchers utilized an intervention mapping approach. This meant that there was a stage of needs 
assessment, comprising a longitudinal observational study among PwRRMS served by the clinic, behavioral determinants 
were identified and targeted, objectives were set, PwRRMS were consulted, and theory and evidence-based intervention 
methods (befitting the identified determinants) were selected. Third, the relatively long follow-up uncovered a fade-off, 
indicating that a six months’ interval is too long, and telephone or online support is necessary in order to support 
a change.

Conclusions
A multi-professional psycho-education and MI intervention, anchored in patient-centered approach,34 is a feasible 
way forward in promoting DMT adherence among PwRRMS. Outcome (self-reported adherence) at six months 
indicates that the intervention is feasible and efficacious in enhancing medication adherence, yet outcome at a year’s 
follow-up underscored its fade-out. The latter, in conjunction with variability within person35 and the dynamic nature 
of medication taking, indicate that the present intervention worked for a short term only, and further study is needed 
on how to maintain the intervention’s effect (eg, adding contact points with the PwMS), while balancing resources 
and addressing the aforementioned study’s limitations. Considering the time constraints of many of the prospective 
clients, a blended approach - in-person encounters augmented with non-synchronous IT-mediated resources - is 
recommended.

Data Sharing Statement
The datasets analyzed during the current study are available upon request from the corresponding author.
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