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Introduction
Multiple sclerosis (MS) is the most common 
immune-mediated neurological disease in young 
adults worldwide, and its most common course is 
relapsing–remitting MS (RRMS).1 MS manage-
ment may require lifelong pharmacological and 
non-pharmacological interventions, and the choice 
of the first disease-modifying treatment (DMT) 
represents a crucial moment in MS management.2

When choosing the first DMT prescription, there 
is a need to take into account the presence of 

concomitant medical illnesses and the use of 
other medications (especially with the increasing 
age of the population) that can expose patients to 
adverse drug reactions, and drug–drug or drug–
disease interactions.3–6

Several studies have shown the impact of comor-
bidities on the course of MS, such as an increased 
MS relapse rate (e.g. for patients with migraine 
and hyperlipidaemia), disability progression (e.g. 
for patients with cardiovascular comorbi-dities), 
and cognitive impairment.7–10 Because 
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Aims: We aimed to examine the frequency of polypharmacy in a large cohort of patients at the 
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comorbidities may require adequate therapeutic 
management, MS patients may experience the 
administration of many drugs at the same time, 
that is, polypharmacy.7,11

However, the frequency and consequences of 
polypharmacy, usually defined as the intake of 
five or more medications,11–16 in actual cases of 
MS are largely unclear. Polypharmacy should be 
taken into account in MS therapeutic manage-
ment because it should be included into the MS 
therapeutic algorithm.17–20

Studies on DMTs usually consider as outcomes 
relapse rates, new magnetic resonance imaging 
(MRI) and/or on safety concerns. However, no 
studies have assessed the impact of polypharmacy 
on discontinuing DMT nor on the reasons of 
discontinuation.

This study was established to examine the fre-
quency of polypharmacy at the time of first DMT 
prescription in a large cohort of patients with 
RRMS. We also analysed the impact, if any, of 
polypharmacy on the discontinuation of first DMT 
during the entire follow-up of more than 36 months.

Methods

Setting and participants
This study was conducted at a tertiary MS centre 
in Catania, Italy. Data entry was performed using 
iMed© software (Merck Serono, Geneva, 
Switzerland), and the treating clinics used rigor-
ous quality assurance procedures for the patient 
health records in coordination with the iMed© 
software data coordinators.21 Data were recorded 
retrospectively (up to 12 months) before the dis-
ease onset and start of the first DMT (the index 
date) and prospectively (until the last available 
follow-up visit) from the index date.

Key eligibility criteria were: (1) confirmed diag-
nosis of RRMS as per the 2010 McDonald crite-
ria;22 (2) start of first DMT between 1st January 
2013, and 31st December 2015; and (3) patient 
exposure to their first DMT for at least 6 months. 
Patients who participated in clinical trials or had 
fewer than two neurological visits during the fol-
low-up were excluded.

The remaining patients were divided into three 
groups according to the number of administered 

medications (excluding DMT). For patients who 
changed the number of medications after the first 
6 months of follow-up, we considered the first 
group to which they belonged:

- No-poly RRMS: patients taking no medica-
tions other than DMT.

- Minor-poly RRMS: patients taking between 
one and three medications.

- Major-poly RRMS: patients taking more 
than three medications.

Data collection
Clinicians entered all the clinical and radiological 
information available at every clinical visit (sched-
uled every 6 months or more frequently if necessary). 
The minimum information for all enrolled patients 
included demographic, clinical/radiological, and 
pharmacological data. Demographic data included 
sex, age, smoking status, and body mass index 
(BMI). Clinical data included comorbidities, type of 
disease onset, number of relapses in the year before 
diagnosis, level of disability measured with Expanded 
Disability Status Scale (EDSS), and radiological 
activity expressed as number of lesions in T2- and 
T1-gadolinium-weighted sequences on MRI. We 
also collected data on the different DMTs prescribed 
and then we grouped them together (based on Italian 
prescription rules) as first- and second-line DMTs.

Medication analysis
Medications were classified according to the thera-
peutic goal and the dosing schedule. In terms of 
the therapeutic goal, the classifications were DMT, 
specific symptomatic drugs for MS (for spasticity 
and pain), and medications for comorbidities.4 In 
terms of the dosing schedule, only long-term medi-
cations (taken daily or at regular intervals) for 
chronic diseases, taken for at least 6 months after 
inclusion, were considered for the analysis.

Outcomes
The primary outcome of this study was the fre-
quency of polypharmacy in a large RRMS patient 
cohort. We analysed the demographic and clinical 
variables associated with polypharmacy.

Secondarily, we aimed to obtain evidence on the 
rate of discontinuation of first DMT among the 
three groups. We also assessed the time to dis-
continuation and the reasons for therapy 
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withdrawal. Moreover, we explored the baseline 
demographic, clinical, and radiological factors 
associated with therapy discontinuation.

Discontinuation of DMTs was defined as a gap of 
treatment ⩾60 days. Time to discontinuation (in 
months) was measured as time between the index 
date and the end of supply of the DMT prescrip-
tions dispensed.23

A relapse was defined as the occurrence of a new 
symptom or the exacerbation of an existing one 
persisting for at least 24 h in the absence of con-
current illness or fever, occurring at least 30 days 
after a previous relapse.

Ancillary, adverse events (AEs) were recorded, in 
accordance with the European Medication Agency 
definitions.24

Research ethics and patient consent
The study protocol was approved by the local eth-
ics committee (Comitato Etico Catania 1, no. 
87/2020/PO). Patients provided written informed 
consent to participate in the study. The study was 
conducted in accordance with the ethical princi-
ples of the Declaration of Helsinki and with the 
appropriate national regulations.

Data availability
Anonymised data will be shared upon request 
from any qualified investigator for the sole pur-
pose of replicating the procedures and results pre-
sented in this report, provided that data transfer is 
in agreement with EU legislation on general data 
protection.

Statistical analysis
Univariate comparisons were performed using 
ANOVA, Kruskal–Wallis test, or chi-squared test.

According to the nature of variables, data were 
reported as mean ± standard deviation or as 
median [interquartile range (IQR)].

Multinomial regression analysis with forward 
selection was used to assess the relationship 
between polypharmacy class (expressed as an 
ordinal variable) and baseline demographic and 
clinical characteristics at baseline: sex, age, BMI, 

smoking (categorical), comorbidities (categori-
cal), number of relapses (in the year prior to the 
index date; total number), baseline EDSS 
(median), and previous MRI activity (in the year 
prior to the index date; number of lesions on T2- 
and T1-gadolinium-weighted sequences).

DMT discontinuation was compared using chi-
square test. Kaplan–Meier survival curve analysis 
and log-rank test were used to analyse the time to 
first DMT discontinuation. In our sensitivity 
analysis, we changed the permissible treatment 
gap period to 30 and 180 days. A Cox propor-
tional hazards model adjusting for differences 
among the treatment cohorts was used to assess 
the risk of discontinuation. Covariates in the anal-
ysis included sex, age, BMI, smoking (categori-
cal), hypertension (categorical), dyslipidaemia 
(categorical), number of relapses (in the year 
prior to the index date; total number), baseline 
EDSS (median), previous MRI activity (in the 
year prior to the index date); number of lesions 
on T2- and T1-gadolinium-weighted sequences, 
and DMT line.

The α-error was set at 0.05 and reported p-values 
are two-sided. Statistical analyses were conducted 
using SPSS Statistics 21 (IBM®).

Results

Study population
From a total of 486 patients entering the centre in 
the index window, 392 were enrolled (Figure 1). 
Their baseline characteristics are reported in 
Table 1. The mean age was 41.1 ± 11.7 years and 
255 patients (65.1%) were women. The median 
EDSS score was 2.0 (IQR 1–2.5).

Among the patients, 173 (44.1%) suffered from 
comorbidities, of which the most common was 
hypertension (n = 111), followed by dyslipidaemia 
(n = 107) (Table 2). According to our definition 
of polypharmacy, 219 patients (55.8%) were 
included in the no-poly RRMS group, 61 (15.6%) 
in the minor-poly RRMS group, and 112 patients 
(28.6%) were included in the major-poly RRMS 
group (Table 1).

The minor- and major-poly RRMS patients 
were, on average, older (35.7 ± 11.4 and 
36.9 ± 11.7 versus 29.3 ± 9.9, p < 0.05) and had a 
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higher median BMI (24.3 and 26.7 versus 22.7, 
p < 0.05) than those in the no-poly RRMS group. 
Furthermore, they included higher rates of smok-
ers (44.3% and 40.2% versus 18.3%, both 
p < 0.05) (Table 1).

Table 2 shows the comorbidities observed in the 
entire cohort and separated among the three 
groups. The major-poly RRMS group had higher 
incidences of hypertension, dyslipidaemia, and dia-
betes than the minor-poly RRMS group (p < 0.05).

Figure 1. Patient selection flow chart.
RRMS, relapsing–remitting multiple sclerosis.

Table 1. Demographic and clinical characteristics at enrolment in the entire cohort and in the three groups.

Variables* Total cohort 
(n = 392)

No-poly RRMS 
(n = 219)

Minor-poly 
RRMS (n = 61)

Major-poly 
RRMS (n = 112)

p-value

Gender, n (%)

Male 137 (34.9) 77 (35.2) 24 (39.3) 31 (27.7) ns

Female 255 (65.1) 142 (64.8) 37 (60.7) 81 (72.3) ns

Age 41.1 ± 11.7 29.3 ± 9.9 35.7 ± 11.4 36.9 ± 11.7 <0.05

Smokers, n (%) 119 (30.3) 40 (18.3) 27 (44.3) 45 (40.2) <0.05

BMI (median, IQR) 24 (21–27) 22.7 (21–25.8) 24.3 (21.8–26) 26.7 (22.4–29) <0.05

EDSS (median, IQR) 2.0 (1–2.5) 2.0 (1–2.5) 2.0 (1.0–3.0) 2.0 (1.0–3.0) ns

N. of relapses one year 
before diagnosis

1.8 ± 1 1.9 ± 0.9 1.6 ± 0.9 1.6 ± 1 <0.05

N. MRI T2 weighted 
brain lesions

2.7 ± 1.2 2.7 ± 1.2 2.5 ± 1.3 2.7 ± 1.2 ns

N. MRI T1 Gad+ 
weighted brain lesions

0.8 ± 1.8 0.9 ± 1.9 0.9 ± 1.7 0.7 ± 1.7 ns

BMI, body mass index; EDSS, Expanded Disability Status Scale; Gad+, Gadolinium; IQR, interquartile range; MRI, 
magnetic resonance imaging; n, number.
*Data are expressed as mean ± standard deviation unless otherwise specified.
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Medications prescribed
The most prescribed medications in the poly 
RRMS patients (minor and major) are shown in 

Figure 2. Figure 3a shows the first DMT pre-
scribed in each group. The Figure 3b represents 
the DMT use according to the line of treatment. 

Table 2. Comorbidities in our RRMS cohort.

Patients with comorbidities at 
enrolment, n (%)

Total cohort 
(n = 173/392)

No-poly 
RRMS 
(n = 24/219)

Minor-
poly RRMS 
(n = 61/61)

Major-
poly RRMS 
(n = 112/112)

p-value*

Hypertension 111 (64.3) – 21 (34.4) 90 (80.4) <0.05

Dyslipidaemia 107 (61.8) – 20 (32.7) 87 (77.7) <0.05

Diabetes 97 (56.1) – 17 (27.9) 80 (71.4) <0.05

Gastrointestinal comorbidities 94 (54.3) 7 (29.2) 32 (52.4) 62 (49.1) ns

Osteoporosis 82 (47.4) – 30 (49.2) 52 (46.4) ns

Depression/Anxiety 44 (25.4) – 17 (27.8) 27 (24.1) ns

Hypothyroidism 40 (23.1) – 15 (24.5) 25 (22.3) ns

Epilepsy 35 (20.2) – 11 (18) 24 (21.4) ns

Headache 30 (17.3) 8 (33.3) 8 (13.1) 14 (12.5) ns

Fatigue 28 (16.2) 5 (20.8) 8 (13.1) 15 (13.4) ns

Asthma/allergy 25 (14.5) 4 (16.7) 7 (11.5) 14 (12.5) ns

Urinary dysfunction 23 (13.3) – 8 (13.1) 15 (13.4) ns

*via chi-square test, it is calculated between Minor-poly RRMS and Major-poly RRMS group.
RRMS, relapsing–remitting multiple sclerosis

Figure 2. Proportion of categories of medications used by poly RRMS patients.
Groups were calculated according to the total number of drugs taken by poly RRMS patients.
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There were no differences in this regard among 
the three groups (Figure 3b).

Polypharmacy and associations with 
demographical/clinical parameters
Upon multinomial regression analysis, older age 
at onset was associated with minor and major 
polypharmacy [odds ratio (OR) 1.050, confi-
dence interval (CI) 1.010–1.093, p = 0.015 and 
OR 1.063, CI 1.026–1.101, p = 0.001, respec-
tively] and higher BMI was associated with 
major polypharmacy (OR 1.186, CI 1.18–1.29, 
p = 0.001).

First DMT discontinuation analysis
The rates of discontinuation of first DMT were 
similar among the three groups (50.7% for no-poly 
RRMS, 50.8% for minor-poly RRMS, and 53.3% 
for major-poly RRMS, p = 0.264). The most com-
mon reason for discontinuation was a lack of effec-
tiveness (in terms of experiencing a relapse or newly 
enhanced MRI lesion) in 96 patients (52 for no-
poly RRMS, 12 for minor-poly RRMS, and 32 
major-poly RRMS with mean times of 35.5 ± 3.4, 
41.9 ± 8.3, and 37.4 ± 4.9 months, not significant).

AEs led to discontinuation in 62 patients (30 for 
no-poly RRMS, eight for minor-poly RRMS, and 

Figure 3. (a) DMTs’ distribution among the three groups; (b) DMTs’ line distribution among the three groups.
DMT, disease-modifying therapy; RRMS, relapsing–remitting multiple sclerosis.
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24 for major-poly RRMS with mean times of 
36.3 ± 4.9, 46.6 ± 5.8, and 35.8 ± 6.6 months, 
not significant). The most frequent AEs that 
resulted in DMT discontinuation are shown in 
Table 3.

The other reasons for discontinuing DMT are 
shown in Figure 4.

Kaplan–Meier estimates for the time to discontinua-
tion of first DMT according to the polypharmacy 

Table 3. AEs leading to DMTs discontinuation among the three groups.

Total 
(n = 62/202)

No-poly RRMS 
(n = 30/62)

Minor-poly 
RRMS (n = 8/62)

Major-poly RRMS 
(n = 24/62)

Flu-like syndrome 14 (22.6) 9 (30) 2 (25) 3 (12.5)

Gastrointestinal side effects 14 (22.6) 7 (23.4) 1 (12.5) 6 (25)

Injection sites reactions 4 (6.5) 2 (6.6) 1 (12.5) 1 (4.2)

Transaminases elevation 9 (14.5) 3 (10) 2 (25) 4 (16.7)

Thrombocytopenia 1 (1.6) – 1 (12.5) –

Lymphocytopenia 2 (3.2) – 1 (12.5) 1 (4.2)

Dysthyroidism 8 (12.9) 5 (16.6) – 3 (12.5)

Arrhythmia 1 (1.6) – – 1 (4.2)

Depression 9 (14.5) 4 (13.4) – 5 (20.7)

AE, adverse event; DMT, disease-modifying therapy; RRMS, relapsing–remitting multiple sclerosis.

Figure 4. Reasons of first DMT discontinuation among the three groups.
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group are shown in Figure 5. There were no differ-
ences among the three groups (p = 0.834, log-rank 
test). The analysis of predictors with a Cox regres-
sion model did not show differences among the three 
groups (p = 0.218). The number of relapses in the 
year before the diagnosis was an independent pre-
dictor of discontinuation of first DMT (Table 4).

Discussion
In our cohort with newly diagnosed RRMS, 
polypharmacy was associated with an older age 
and higher BMI at the time of diagnosis. The 
rate of DMT discontinuation did not differ 
among the three groups, nor did the most com-
mon reasons for such discontinuation. Being 

older and having a higher BMI were associated 
with the administration of several medications in 
our RRMS cohort, but that did not seem to influ-
ence the first DMT discontinuation.

Polypharmacy represents an emerging challenge in 
therapeutic management globally, especially in the 
elderly.24 The World Health Organization (WHO) 
underlined that healthcare interventions are 
intended to benefit patients, but can actually also 
cause harm.25 According to WHO guidelines, poly-
pharmacy in chronic diseases should be monitored 
carefully because it is linked in the general popula-
tion to an increase of the drug burden, increases the 
risk of AEs from drug–drug interactions, reduces 
functional capacity and raises healthcare costs.20,25

Figure 5. Kaplan–Meier survival analysis for the event time to first DMT discontinuation.
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The debate about structured evaluation of the use 
of medications is attracting increasing interest. A 
review of a patient’s medication should include 
engagement with the patient themselves. The 
patient’s perspective on managing and taking mul-
tiple medications should be assessed, as well as 
their goal from the care. A few studies have focused 
on the phenomenon of polypharmacy in a real-
world MS setting, but they reported conflicting 
data regarding its frequency, with rates ranging 
from 14.9% to 59%.26,27 Recently, a single-centre 
study on MS patients with polypharmacy revealed 
that they were older and had higher disability levels 
than those without polypharmacy.28 However, in 
that study, only major polypharmacy was consid-
ered (⩾5 medications, including DMTs) and 
patients with a progressive course of MS with het-
erogeneous disease duration were included.28

Nonetheless, in our study, polypharmacy did not 
appear to influence the discontinuation of first 

DMT in RRMS and the reasons for DMT dis-
continuation did not differ among the three 
groups.

However, at the time of first DMT prescription, a 
complete medication review should be recom-
mended, weighing the effective utility of each 
medication with the aim of optimising overall 
therapeutic management.29–31

Recently a multicentre Italian study on newly 
diagnosed RRMS patients investigated the 
prognostic factors for early switch after first 
therapy choice. Here, demographic, clinical, 
and MRI data were studied in terms of their 
potential associations with a switch in therapeu-
tic strategy due to lack of efficacy or intolerance/
poor safety, with stratification for lack of effi-
cacy.32 In this cohort, comorbidities were asso-
ciated with intolerance switch (HR =  1.28; 
p = 0.047). However, adjustment for the use of 

Table 4. Variables in the Cox proportional hazard model for the time to first DMT discontinuation in the three 
groups.

p-value Exp(B) CI 95.0% per exp(B)

 Lower Upper

Gender 0.624 1.093 0.765 1.562

Age 0.064 0.984 0.966 1.001

Lag time (between onset and diagnosis) 0.254 0.998 0.995 1.001

Gender 0.624 1.093 0.765 1.562

Smokers 0.614 1.015 0.712 1.075

BMI 0.627 1.015 0.954 1.080

Lag time (between onset and diagnosis) 0.330 1.003 0.997 1.008

Hypertension 0.374 1.566 0.583 4.210

Dyslipidaemia 0.941 1.029 0.485 2.184

Number of relapses within the year before diagnosis 0.029 2.340 1.090 5.022

EDSS at the first DMT beginning 0.346 1.099 0.903 1.336

Number of T2-weighted lesions within the year before 
diagnosis

0.327 1.059 0.839 1.336

Number of T1 Gad+-weighted lesions within the year 
before diagnosis

0.630 1.377 1.044 1.815

Treatment line 0.062 1.702 0.974 2.973

BMI, Body Mass Index; CI, confidence interval; DMT, disease-modifying therapy; EDSS, Expanded Disability Status Scale; 
Gad+, Gadolinium.
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concomitant medications for different comor-
bidities was not performed.

Observational studies may significantly contribute 
to the identification of safety concerns or to the defi-
nition of the role of comorbidities/polypharmacy in 
discontinuation of DMTs. Clinical trials have sev-
eral limits, mainly because of study duration, inclu-
sion of patients without comorbidities or reduced 
statistical power.33–35 Real-world studies could pro-
vide a more realistic insight into the polypharmacy 
topic because they allow the inclusion of an unse-
lected but highly representative population.36–40

Several limitations of this study need to be consid-
ered. The retrospective design of this study can be 
associated with recall bias (regarding the exact date 
of disease onset, time elapsed between onset and 
diagnosis, etc.). Moreover, the nature of the study 
limited the interpretation of data in terms of a direct 
risk analysis. The small sample size and data from a 
single centre also limited the study, underlining the 
need for further and larger studies on larger cohorts. 
Furthermore, the patients with RRMS in this study 
received different treatments, impeding our ability 
to understand the role of a specific therapy on clini-
cal outcomes. As polypharmacy will continue to 
increase with the aging of MS cohorts, better char-
acterisation of this phenomenon is required.
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