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Treatment Adherence in Multiple
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Administration Methods and
Neuropsychiatric Comorbidities

Multipl Sklerozda Tedaviye Uyum: ila¢c Uygulama
Yontemlerinin ve Noropsikiyatrik Eslik Eden
Durumlann Etkisi

@ Sena Destan Bunul

ABSTRACT

Objectives: Multiple sclerosis (MS) is a chronic neurodegenerative disease affecting young adults. While disease-
modifying drugs (DMDs) help manage and decelerate disease progression, adherence to these treatments is a
significant challenge. This study aimed to investigate the relationship between treatment adherence and different
drug administration methods in MS patients in the context of neuropsychiatric evaluations.

Methods: A prospective cohort study was conducted at the University Hospital of Neurology Clinic using the 2017
revised McDonald criteria for MS diagnosis. Demographic data, MS-related metrics, and DMDs were recorded. Par-
ticipants were stratified based on their DMDs into oral, injectable, and infusion treatments. The MS Treatment Ad-
herence Questionnaire, Beck Depression Inventory, and State-Trait Anxiety Inventory were administered.

Results: Of the 89 patients, treatment adherence was 45%. There were significant differences in side effect scores
between the non-adherent and adherent groups for both oral and injectable DMDs. The Beck Depression Inven-
tory average score was 12.49+9.81, while the State-Trait Anxiety Inventory average scores for STAI1 and STAI2 were
38.95+10.41 and 47.89+10.66, respectively. Significant differences were observed in disease duration, the average
expanded disability status scale score, and the average STAI score.

Conclusion: Adherence rates varied with the method of drug administration, with oral treatments having 34.4%
adherence and injectable treatments having 53.4%. Factors like perceived efficacy, depression, and anxiety influ-
enced treatment adherence. No significant correlations were found between demographic factors like age, gender,
or education and adherence rates. Treatment adherence is crucial in managing MS. This study highlights the role
of drug administration methods and neuropsychiatric comorbidities in influencing adherence. A comprehensive
assessment considering these factors is vital in choosing an appropriate DMD for MS patients.

Keywords: Infusion; injection; multiple sclerosis; oral; treatment adherence and compliance

OZET

Amag: Multipl skleroz (MS), genc yetiskinleri etkileyen kronik bir nérodejeneratif hastaliktir. Hastaligi modifiye eden
ilaclar (DMD'ler) hastaligin ilerlemesini yonetmeye ve yavaslatmaya yardimci olmasina ragmen, bu tedavilere uyum
biyk bir sorundur. Bu calismada, noropsikiyatrik degerlendirmeler baglaminda MS hastalarinda tedaviye uyum ve
farkli ilag uygulama yontemleri arasindaki iligskinin arastirilmasi amaclandi.

Yontem: Bir Universite hastanesi noroloji kliniginde, MS tanisi icin 2017 yilinda gézden gecirilmis McDonald kriter-
leri kullanilarak prospektif bir kohort calismasi gerceklestirildi. Demografik veriler, MS ile ilgili 6l¢ltler ve DMD'ler
kaydedildi. Katilimcilar DMD'lerine gore oral, enjektabl ve inflizyon tedavileri olmak lzere kategorilere ayrildi. MS
Tedavi Uyumu Anketi, Beck Depresyon Envanteri ve Sirekli-Kisilik Kaygi Envanteri uygulandi.
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Bulgular: Seksen dokuz hastanin %45'inde tedaviye uyum vardi. Oral ve enjektabl DMD'ler icin uyumsuz ve uyumlu gruplar arasinda yan
etki puanlarinda anlamli farklar vardi. Beck Depresyon Envanteri ortalamasi 12,49+9,81 iken, STAI1 ve STAI2 icin Surekli-Kisilik Kaygi Envanteri
ortalamalari sirasiyla 38,95+10,41 ve 47,89+10,66 idi. Hastalik siresi, ortalama EDSS puani ve ortalama STAI puanlari arasinda anlamli farklar

gozlendi.

Sonug: Uyum oranlari ilag uygulama ydntemine gore degisiklik gosterdi; oral tedavilerde %34,4 uyum, enjektabl tedavilerde %53,4 uyum
bulundu. Algilanan etkinlik, depresyon ve anksiyete gibi faktorler tedaviye uyumu etkiledi. Yas, cinsiyet veya egitim gibi demografik faktor-
lerle uyum oranlari arasinda anlaml bir korelasyon bulunamadi. Tedaviye uyum, MS'nin yonetilmesinde kritik 6nem tasimaktadir. Bu ¢calisma,
ilac uygulama yontemlerinin ve néropsikiyatrik komorbiditelerin MS tedavisine uyum tzerindeki roliinii vurgulamaktadir. Bu faktorleri goz
oniinde bulunduran kapsamli bir degerlendirme, MS hastalari icin uygun bir DMD seciminde hayati 5neme sahiptir.

Anahtar s6zciikler: Multipl skleroz; tedavi uyumu; oral; enjeksiyon; infiizyon.

ultiple sclerosis (MS) is a chronic, immunologically-

based neurodegenerative disease affecting the cen-
tral nervous system.[!! Typically starting between the ages
of 20 and 40, MS predominantly affects young adults and
has a higher prevalence in women. It is estimated that over
2.8 million individuals worldwide are affected by MS.[23!
MS ranks among the most common diseases causing neu-
rological sequelae globally, and in some countries, it is the
primary cause of non-traumatic disability among young
adults.l The disease is associated with a range of neuro-
logical symptoms, including impairments in sensory, motor,
and cognitive functions.®! Treatment goals for MS not only
encompass managing symptoms and treating relapses and
complications but also hindering disease progression.[6]
Disease-modifying drugs (DMDs) have been shown to pre-
vent relapse rates and halt disease progression.”) Currently,
there are at least 15 DMDs approved by the food and drug ad-
ministration for the treatment of MS, and these DMDs differ
in their mode of application, dosage, mechanism of action,
efficacy, safety, and tolerability.[812]

The World Health Organization defines treatment adherence
as “the extent to which a person’s behavior-in terms of tak-
ing medications, following diets, and/or executing lifestyle
changes-corresponds to the recommendations agreed on by
a healthcare provider.” Adherence to treatment regimens is
fundamental for patients to derive maximum benefit from
their treatments and, simultaneously, to ensure the cost-ef-
fectiveness of the treatment. Non-adherence or poor adher-
ence can result in negative results, treatment failure, and
higher expenditures.[3] Studies have found that, depending
on different methods and definitions, adherence to DMDs
among MS patients ranges between 49% and 93%.1416] Fac-
tors that contribute to reduced adherence to DMDs include
drug side effects, cognitive impairment, frequent dosing
regimens, depression, and anxiety.[1720]

Given the established effectiveness of disease-modifying
medications, a better knowledge of the factors influencing
treatment adherence in MS might help doctors build tailored
treatment regimens that improve adherence and thereby
minimize MS relapses. The purpose of this study was to look
at the link between treatment adherence and various drug
delivery modalities in MS patients as part of neuropsychi-
atric assessments.

Data Collection

Our study is a prospective cohort study conducted with pa-
tients who received a definitive MS diagnosis based on the
2017 revised McDonald criteria at the University Hospital of
Neurology Clinic. Demographic data of patients with MS,
such as age, gender, and education, as well as MS disease
duration, the expanded disability status scale (EDSS), and
their current DMDs, were recorded. The Beck Depression
Inventory and the State-Trait Anxiety Inventory were admin-
istered for the neuropsychiatric evaluation of the patients.
Patients included in the study were those aged 18 years or
older, diagnosed with definitive MS, and on the same DMD
for at least 12 months. Patients with severe cognitive impair-
ments who had difficulty completing the surveys and those
with a history of any psychopathological diagnosis or treat-
ment were excluded. Informed consent was obtained from
all patients participating in the study. Patients were divided
into three groups based on the DMDs they used: those on
oral medications (teriflunomide, dimethyl fumarate, and
fingolimod), those on injectable treatments (interferons,
glatiramer acetate), and those on infusion treatments (na-
talizumab and ocrelizumab). Patients treated with alem-
tuzumab and cladribine, which are not continuous-use
treatments, were excluded from the study. After neurologi-
cal examinations, patients were administered the MS treat-



ment adherence questionnaire (MS TAQ), Beck Depression
Inventory, and State-Trait Anxiety Inventory (STAI1 and
STAI2). The study received ethical approval from the local
ethics committee.

Questionnaire and Definitions

Patients’ treatment adherence was assessed using the MS-
TAQ. This questionnaire was developed in 2009 by Paul
Wicks and Michael Massagli, and reliability and validity
study in Turkish was conducted by Usta Yesilbakan, Erbay,
and Yiiceyar in 2019. The MS-TAQ consists of three sub-
groups: DMD barriers, DMD side effects, and DMD coping
strategies. The first section (DMD-Barriers) is administered
to patients who have missed at least one medication dose
in the last 28 days. It includes factors causing dose omis-
sions. The second section (DMD-side effects) evaluates the
frequency of 10 possible side effects related to DMDs. The
third section (DMD-Coping Strategies) includes seven cop-
ing mechanisms used by patients to mitigate side effects.
Patients” anxiety levels were assessed using the State-Trait
Anxiety Inventory (STAI1, STAI2). These scales were de-
veloped by Spielberger et al.?! in 1970 and adapted to the
Turkish community by Ner and Le Compte in 1985. The state
anxiety scale (STAI1) is a sensitive tool for assessing imme-
diate emotional reactions, whereas the trait anxiety scale
(STAI2) measures the persistence of general anxiety shown
by an individual. In the survey assessing state and trait anx-
iety levels, consisting of 20 questions each, a higher score
indicates higher anxiety, whereas a lower score indicates
lesser anxiety. The Beck Depression Inventory, developed
by Beck et al.l22! in 1961, was used to evaluate patients” de-
pressive states.

Patients who forgot or skipped their required dose once
or more in 28 days were considered non-adherent to treat-
ment, whereas those who did not miss any dose in 28 days
were considered adherent. The medication possession ratio
(MPR) is calculated by dividing the total number of days
treated by the total number of days required for treatment.
An MPR >0.8 represents treatment adherence and an MPR
<0.8 represents non-adherence. The missed dose ratio is cal-
culated by dividing the number of missed or skipped doses
by the total required doses.

Statistical Analysis

Statistical analysis of the study data was conducted using
the Statistical Package for Social Sciences version 22.0 for

Windows. The methods used included descriptive statistics
such as mean, standard deviation, and frequency distribu-
tions. To compare proportions within categorical variables,
the chi-square test was employed. For data with a non-nor-
mal distribution, the Mann-Whitney U test was utilized to
compare the means of two independent groups. When com-
paring more than two groups, the Kruskal-Wallis analysis
of variance, a non-parametric test, was used. A p<0.05 was
considered statistically significant for all results.

A total of 89 patients, with an average age of 39.97+11.41
(73% female ratio), were included in the study. The mean
EDSS score of the study group was 1.97+2.01, and the aver-
age disease duration was 9.01+6.46 years. Demographic data
are provided in Table 1.

Among the patients participating in the study, treatment ad-
herence was found to be 45%. When the groups using oral
DMDs and those receiving injectable treatments were eval-
uated separately in terms of treatment adherence, only the
side effect scores were statistically significantly different in
both groups. In both groups, the side effect score was higher
in the non-adherent group, whereas the coping scores were
significantly higher in those who adhered to the treatment
(respectively, oral group; p<0.001, p=0.004; injectable
group; p<0.001, p<0.001).

The depression and anxiety levels of the study group were
assessed using designated scales, and the average Beck
depression score was 12.49+9.81. The average scores for

Demografic features The study of all

groups (n=89)

Age (meantSD); years 39.97+11.41
EDSS score (meantSD) 1.97+2.01
Disease duration (meantSD); years 9.01+6.46

Marial status 77.5% (married)
22.4% (single)
4.516+£3.181 TL
69.7%
Enjectables; 48.3%
Oral tablets; 32.6%

Infusion therapy; 19.1%

Income status
Status of having children
DMDs

DMD: Disease-modifying drugs; EDSS: Expanded disability status scale.



STAI1 and STAI2 were determined to be 38.95+10.41 and
47.89+10.66, respectively. When the study group was evalu-
ated according to the treatments used and based on demo-
graphic and clinical characteristics, there were differences
between the groups in terms of disease duration, average
EDSS score, and average STAI scores (respectively, p<0.001,
p<0.001, p=0.009), but no significant difference was ob-
served in limitation scores (Table 2). No correlation has been
observed between treatment adherence parameters and de-
pression. The relationship between nonparametric numeri-
cal data was evaluated with Spearman correlation analysis.

In our study, the rate of patients showing treatment adher-
ence was found to be 56% (when patients receiving infusion
therapy were not included in this rate). When looking at the
treatment adherence of patients using oral treatment and
those using injection treatments separately, they were found
to be 34.4% and 53.4%, respectively. According to the results
of the MS TAQ survey, although there was no difference be-
tween the groups in terms of the limitation parameter, there
were differences between the groups in terms of DMD side
effects and DMD coping methods.

In our study, when patients were grouped according to MS
treatment administration, age, EDSS, and disease duration,

The oral tablet
group (n=29)

they were found to be higher in the group receiving infu-
sion treatment than in the group receiving oral or injection
treatment (Fig. 1). High-efficacy infusion treatments, such as
natalizumab and ocrelizumab, are not the first line of MS
treatment and are generally initiated in the later stages of
the disease.[2325] An increase in the EDSS score is expected
with an increase in neurodegeneration in the advanced
stages of MS.[26] Therefore, findings such as the higher aver-
age age, longer disease duration, and higher EDSS scores in
the group receiving infusion treatment are consistent with
the literature.

The MS-TAQ is a tool that measures treatment adherence
in patients with MS. In MS patients, as the total scores for
DMD barriers and DMD side effects increase, adherence to
treatment decreases. However, as the DMD-Coping score in-
creases, treatment adherence also increases.[?”! In a study
conducted, the effects of the method of treatment applica-
tion on treatment adherence in MS patients were demon-
strated. Adherence is 63% in oral treatments, whereas it is
68% in injection treatments. In the infusion treatments, ad-
herence was found to be 100%. This high adherence to infu-
sion treatments may stem from the fact that these treatments
are administered by health professionals through medical
appointments.!’>! In a study conducted with rheumatoid pa-
tients, it was shown that, apart from the method of appli-

The infusion P
group (n=17)

The enjectables
group (n=43)

Age (meantSD); years 34.27+8.83
EDSS (meantSD) 0.79£0.66
Disease duration; years 5.93+4.55
Beck depression score (meanSD) 10.48110.50
STAI 1 score (mean+SD) 36.79+10.72
STAI 2 score (meantSD) 45.89+10.37
Treatment adherence 34.4%
MDR (meantSD) 0.14x0.10
DMD-barriers (mean+SD) 29.94+10.72
DMD-coping strategies (meantSD) 3.1741.62
DMD-side effects (mean+SD) 23.06+11.29

38.8349.68 51.29+11.62 *<0.001
*+0.003

1.29+0.79 5.73+1.09 *<0.001
*x<0.001

8.87+5.63 14.6147.70 *<0.001
*+0.026

12.049.03 17.05+9.62 0.204

38.34+9.33 44.17+£11.33 0177
47.3049.91 52.82+12.05 *p=0.009
53.4% 100% **x(0.150
0.05+0.05 - **x(0.002

33.549.23 - 0.260
3.44+1.77 4.4141.46 *0.016
*+0.047

22.65+11.32 10.35+0.60 *<0.001
**<(0.001

+Oral versus infusion. **Injectable versus infusion. *+*oral versus injectable. DMD: Disease-modifying drugs, MDR: Missed dose ratio.



Figure 1. Comparison of expanded disability status scale scores,
and multiple sclerosis treatment modalities.

cation, the frequency of application also affects treatment
adherence. Treatments with a lower frequency of applica-
tion have been shown to increase adherence./28! The high
adherence to infusion treatments could also be due to the
lower frequency of application. In our study, consistent with
the literature, while adherence in infusion treatments is
100%, this rate decreases in oral and injection treatments.
In a study by Munsell et al.,[?! MPR was found to be sig-
nificantly higher in the group receiving injection treatment
than in the group receiving oral treatment.

In our study, there was a generally high rate of treatment
non-adherence (43.8%). In the literature, rates of treatment
non-adherence have varied across different studies, show-
ing results such as 18.5%, 24.9%, 17.6%, 35.3%, 16%, and
51%.13034 In our study, we found no correlation between
treatment non-adherence and factors such as age, gender,
education, or the duration of the disease. A study in the lit-
erature suggested that being married and having children
increases medication non-adherence.?7] The lack of correla-
tion between these factors and treatment adherence in our
study may be attributed to our relatively small sample size.

When examining the subgroups of MS TAQ in our study, no
correlation was observed between DMD-barriers and DMD-
coping scores and the methods of treatment application.
However, DMD side effects were found to be higher in the
group receiving oral and injection treatments, whereas they
were significantly lower in the group undergoing infusion
therapy (Fig. 2). One reason for the higher treatment adher-

Figure 2. Comparison of disease-modifying drugs side effects
across multiple sclerosis treatment modalities.

ence in the group receiving infusion therapy compared with
other drug application methods might be the differences
in side effects. Oral DMDs offer advantages over injectable
DMDs, such as ease of application; however, the factors that
might affect the adherence and persistence of oral DMDs
are not clear.?%! One of the most often mentioned reason for
stopping treatment is a perceived lack of effectiveness.3638]
Although the ease of use of oral drugs is an advantage, the
lower perceived efficacy of oral medications increases non-
adherence.[13]

Depression is commonly observed in MS patients and can
negatively impact adherence. A study by Bruce et al.’
demonstrated a strong connection between treatment ad-
herence and emotional functioning in MS patients. The
same study also indicated that MS patients with mood or
anxiety disorders showed nearly 5 times more DMD treat-
ment non-adherence than MS patients without a psychiatric
diagnosis. In addition, approximately 35% of MS patients
suffer from chronic anxiety. It is estimated that the lifetime
prevalence of generalized anxiety disorder in MS is 20.[4°]
Koskderelioglu et al.l3!l showed that higher scores on the
Beck Depression Inventory were associated with treatment
non-adherence. Treadaway et al.l’®! pointed out that the
group with treatment non-adherence had higher scores on
the Beck Depression Inventory. Neuropsychiatric comor-
bidities are common in people with MS; a recent meta-anal-
ysis has shown that the prevalence of depression (31%)
and anxiety (22%) in MS patients is high.[*!] In our study,
although no significant correlation was found between the



Beck Depression Inventory scores and the groups according
to the drug administration, the average score for the group
receiving infusion therapy was consistent with moderate de-
pressive symptoms. The situational anxiety scale showed no
difference between the groups receiving oral therapy, injec-
tion therapy, or infusion therapy. However, the chronic anx-
iety scale was higher in the infusion therapy group and was
statistically significant. Considering that the EDSS scores of
the infusion therapy group were higher and they were in a
more advanced stage of the disease, this situation can be
explained by their higher disability levels. These results em-
phasize the importance of comprehensively assessing and
treating depressive symptoms and anxiety disorders in MS.

In MS, adherence to disease-modifying therapy is one of
the key factors determining therapeutic success. To date,
there are only a few studies in our country examining the
factors affecting treatment adherence in MS patients. In as-
sessing MS treatment adherence, this study also evaluated
the neuropsychiatric comorbidities of the patients and the
formation of subgroups according to drug administration.
This is of great importance and contributes to the literature
in terms of considering these criteria when choosing a DMD
for patients. A limitation of the study is that it did not sepa-
rately evaluate the DMDs used by each patient when form-
ing subgroups based on drug administration.

Adherence to treatment in MS is a significant factor affecting
the course of the disease. This study discusses the factors
affecting treatment adherence in MS. The impact of drug
administration and the frequency of drug administration on
treatment adherence have been clearly demonstrated. Fur-
thermore, it has been emphasized that neuropsychiatric co-
morbidities, frequently observed in MS patients, could also
affect treatment adherence, and patients need to be evalu-
ated in detail in this regard.
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