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ABSTRACT

Background: Multiple Sclerosis (MS) is a chronic inflammatory disease of the central nervous system requiring
complex diagnostic and therapeutic management. Treatment with Disease Modifying Drugs (DMDs) is aimed at
reducing relapse rate and disease disability. Few real-world, population-based data are available on the impact of
adherence on relapse rate.

The objective of this study was to assess the impact of adherence to DMDs on relapses in a real-world Italian
setting.

Methods: Population-based cohort study. People with MS (PwMS) older than 18 years and residing in the Emilia-
Romagna region, Northern Italy, were identified through administrative databases using a validated algorithm. A
Cox regression model with a time-varying exposure was performed to assess the association between level of
adherence to DMDs and relapses over a 5-year period.

Resuits: A total of 2,528 PwMS receiving a first prescription of DMDs between 2015 and 2019 were included
(average age of 42, two-thirds female). Highly adherent PWMS had a 25 % lower hazard of experiencing
moderate or severe relapses than non-adherent PwMS (Hazard Ratio 0.75, 95 % CI 0.58 to 0.98), after adjusting
for age and sex. Several sensitivity analyses supported the main result.

Conclusion: The results of our study support the hypothesis that a high level of DMD adherence in MS is asso-
ciated with a lower risk of moderate or severe relapse. Therefore, choosing the DMD with which to start drug
treatment and recommending adherence to treatment appear to be crucial aspects involving both physicians and
patients.

1. Introduction

the accumulation of disability and disease progression (Rae-Grant et al.,
2018; Montalban et al., 2018), and at reducing the frequency of relapses.

Multiple Sclerosis (MS) is the most common immune-mediated, Relapse frequency is indeed one of the main MS-related outcomes and a

chronic inflammatory demyelinating disease of the central nervous
system affecting about 2.8 million people worldwide. In Italy MS affects
almost 130,000 people, with a prevalence of 208 cases per 100,000
inhabitants (Walton et al., 2020) and more than 3,400 estimated new
cases per year, corresponding to an incidence of 6 cases per 100,000
inhabitants.

Pharmacological treatments for MS can be symptomatic (i.e. tar-
geting specific symptoms, such as muscular spasms, pain, urinary in-
continence) or with disease-modifying drugs (DMDs), aimed at slowing

widely used measure of treatment efficacy. The approved DMDs for
treating MS include injectable, oral and infusion preparations. A crucial
factor for the effectiveness of DMDs is their consistent administration,
that is, patients’ adherence to treatment. A recent systematic review
including 24 studies reported overall adherence rates for DMDs in MS
ranging from 52 % to 92.8 % (Washington and Langdon, 2022).
Although several studies have investigated the determinants of treat-
ment adherence to DMDs among People with MS (PwMS) (Kottuniuk
and Chojdak-t.ukasiewicz, 2022), few real-world, population-based data
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are available on the impact of adherence on relapse rate. Moreover,
some studies have considered adherence to treatment as a characteristic
defined at baseline, and not as a measure that can evolve over time
(Evans et al., 2017). However, it has been observed that in chronic
conditions, as well as in PwMS (Evans et al., 2021), adherence is higher
during the first year of treatment but tending to decrease in time.
Consequently, ignoring the temporal issue and the dynamic nature of
adherence may result in PWMS who relapse early in follow up, thus
becoming “early cases”, being more likely to be classified as adherent.
This bias can produce an over-representation of adherent cases and an
underestimation of beneficial effects of adherence (Di Martino et al.,
2015).

The objective of our study was to assess the impact of adherence to
DMDs on relapses in a real-world Italian setting, using a time-dependent
approach to appropriately represent the dynamic nature of the exposure
variable.

2. Materials and methods

The ‘reporting of studies conducted using observational routinely
collected health data statement for pharmacoepidemiology’ (RECORD-
PE) guidelines (Langan et al., 2018) were followed.

2.1. Setting and data source

The data used for this study came from regional healthcare databases
of the Emilia-Romagna region (E-RR) in Northern Italy with nearly 4.5
million people cared for by 8 Local Health Trusts.

Patient data were obtained by linking information about utilization
of healthcare resources (in outpatient and inpatient settings) and drug
prescription from regional administrative databases by means of a
unique anonymized patient identifier. Namely, the following databases
were accessed: the hospital discharge record database (SDO) (ICD-IX-
CM codes for the International Classification of Diseases to identify di-
agnoses); the outpatient pharmaceutical supply (AFT) and the direct
supply (FED) databases (international Anatomical Therapeutic Chemi-
cal (ATC) classification to identify dispensed drugs); the Emergency
Information System (PS); the Mortality Registry (ReM); the co-payment
Exemption Registry.

2.2. Study cohort

This historical population-based cohort included PwMS (with both
relapsing and active progressive forms), living in E-RR, identified by
means of a validated case-finding algorithm (Bargagli et al., 2016). Al-
gorithm inclusion criteria are provided in the supplementary material.
The cohort was then restricted to PwMS aged 18 or older who received a
first-ever dispensation of a DMD (i.e., no other dispensation of a DMD in
the preceding 3 years) between January 1, 2015 and December 31,
2019. The date of the first dispensation was defined as the index date.

2.3. Follow-up and outcome

Each patient was followed from the index date until either the date of
the first relapse, the date of death, the date of emigration from E-RR or
the end of the study period (December 31, 2019), whichever came first.
Only PwMS with a minimum follow-up of 30 days were considered in
the main analysis. Detection of the outcome of interest (first moderate or
severe relapse) was carried out by implementing an Italian algorithm
(Colais et al., 2017) validated via clinical and radiological diagnostic
criteria by neurologists with expertise in MS management. It required
the presence of at least one of the following: (a) hospitalization with
primary diagnosis of MS — ICD-IX-CM 340; (b) access to the emergency
department with primary diagnosis of MS — ICD-IX-CM 340; (c) use of
systemic corticosteroids (ATC code HO2AB) at a dosage of at least 0.5
g/day for 5 days.
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2.4. Drug exposure

All prescriptions of DMDs dispensed during the follow-up were
identified. The number of days during which each patient was treated
was derived using the World Health Organization Defined Daily Dose
(DDD) international metric, transforming the physical quantities of
drugs (capsules, vials, inhalers, etc.) into a standard unit of measure-
ment, allowing a comparative measure of drug exposure (Hollingworth
and Kairuz, 2021; WHO 2022).

The adherence to DMDs was expressed as the Proportion of Days
Covered (PDC): the ratio between the cumulative number of days in
which the DMDs were available (starting from the index date) and the
overall follow-up. For overlapping prescriptions, it was assumed that the
start of the new prescription corresponded with the end of the previous
one (Fig. A.1 in supplementary materials). Three categories of time-
dependent exposure were considered: non-adherence (PDC<60 %),
moderate adherence (60 %<PDC<80 %) and high adherence (PDC>80
%). The thresholds were defined considering that a cut-off point of 80 %
or above is generally accepted as the optimal adherence level (Osterberg
and Blaschke, 2005).

2.5. Covariates

Patients were characterized at baseline according to demographic
and clinical factors: age, sex, Local Health Trust, index year (i.e., year of
drug therapy initiation) and comorbidity. Multisource Comorbidity
Score (MCS) was chosen as overall index of clinical complexity (Corrao
et al., 2017). Individual total score was then aggregated into five cate-
gories corresponding to increasing severity: 0-4, 5-9, 10-14, 15-19,
>20. DMD type (according to ATC code) and administration route (oral,
injection and infusion) were also considered.

2.6. Statistical analysis

Exposure and outcome were both measured in the same time win-
dow. This means that unlike a classical (time-independent) framework
in which exposure is defined at baseline, in our study adherence to
therapy is defined over time as well as the outcome of interest (Fig. 1)
(Spreafico and leva, 2021).

In a time-independent setting, PWMS on treatment experiencing
outcomes early on are more likely to be classified as adherent to treat-
ment than those with no or late outcomes during follow-up, since
adherence levels usually decrease with increasing time from disease
onset, treatment initiation or acute event. This systematic error — known
as “change in adherence bias” (Di Martino et al., 2015) — was avoided in
our study by using a time-dependent approach to manage exposure and
implementing a Cox proportional hazards regression analysis with drug
exposure as a time-dependent determinant. For each PwWMS experi-
encing a relapse (case), the cumulative exposure status on the day of the
first relapse was compared with the cumulative exposure status of all the
other PwWMS of the cohort who were still followed-up and event-free (risk
set). Thus, there was as many strata as cases within the cohort: each
stratum consisted of one case and the associated risk set (Stricker et al.,
2010). The association between exposure (adherence to DMDs) and
outcome (relapses) was assessed by Hazard Ratios (HR) with 95 %
Confidence Intervals (95 % CI). Non-adherence (PDC<60 %) was
defined as the reference group. All covariates (age, sex, Local Health
Trust, index year, MCS score, DMD type and DMD administration route)
were evaluated as potential confounding factors. In order to support the
results of the main analysis, several sensitivity analyses were carried out
by varying study design, minimum follow-up time, adherence thresh-
olds, adherence indicator and outcome definition (details provided in
the supplementary material). All analyses were performed using SAS
Enterprise Guide version 8.3 (SAS Institute, Inc. Cary, NC, USA).
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a) time-independent framework
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b) time-dependent framework
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Fig. 1. Time-independent (a) and time-dependent (b) framework of exposure. In framework a) the observation period from TO to Tx is used to compute a
baseline adherence level, and the follow-up starts from Tx; in framework b) adherence is computed jointly with time-to-event outcome, so follow-up starts from TO.

3. Results

A flow diagram of the cohort identification is shown in Fig. 2.

A total of 2,528 of PWMS receiving a first-ever treatment with DMDs
were included. The demographic and clinical characteristics of the
cohort are shown in Table 1. PwMS receiving DMDs had a mean age of
42 years (standard deviation, 13 years; interquartile range, 32 - 51),
two-thirds were female, and 73 % had a lower index of clinical
complexity (MCS between 0 and 4).

Over the five years of follow up, there was an increase in the use of
oral and infusion drugs as the first treatment option, at the expense of
injectable drugs. Specifically, in 2019 there was an increase in the
number of new DMDs users (+28 %), due almost entirely to the
increased prescription of dimethyl fumarate and ocrelizumab
(Tables A.1, A.2 and Fig. A.2 in supplementary materials). During the
follow-up 341 patients (13 %) had at least one moderate or severe
relapse. Fig. 3 shows the contribution of each information source in
defining the outcome of interest.

PwMS 18+ living in Emilia-Romagna
region with a first dispensing of
DMD during 2015-2019
2,639

2,625

MAIN
ANALYSIS

SENSITIVITY
ANALYSES

AR

Time-to-event data, analyzed by means of the Kaplan Meier method,
showed that the probability of relapse-free survival dropped to 75 % (95
% CI 71-78) after 1,705 days, corresponding to 4.7 years.

3.1. Adherence with DMDs and risk of relapses

The association between the time-dependent drug exposure and the
risk of moderate or severe relapses was explored in the main analysis.
Each stratum, represented by each case and the corresponding risk set,
consisted of, on average, 1,663 control periods, for a total of 567,352
exposure status. Compared with the non-adherent group, the relapse
Hazard Ratio decreased progressively as the level of adherence
increased from moderate (HR 0.79, 95 % CI 0.55 to 1.14) to high (HR
0.77, 95 % CI 0.60 to 0.998). After evaluating the effect of all possible
confounding factors on the estimate of the exposure-outcome associa-
tion, adjustment was performed only for age and sex. Multivariate
analysis confirmed the univariate analysis findings. Specifically, the
Hazard Ratio of moderate or severe relapses for moderately adherent

exclusion
criteria

patients who were
“incident” more than once
5

anagraphic errors
9

with follow-up less than
30 days
97

with follow-up less than
90 days
293

with follow-up less than
180 days
494

Fig. 2. Flow diagram of the cohort identification.
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Table 1
Patient characteristics.
Ne %
Sex
Female 1682 66.53
Male 846 33.47
Age (mean + std. dev.) 42.2 +13.1
Index year
2015 461 18.24
2016 472 18.67
2017 496 19.62
2018 482 19.07
2019 617 24.41
Local Health Trust
Piacenza 149 5.89
Parma 279 11.04
Reggio Emilia 334 13.21
Modena 384 15.19
Bologna 490 19.38
Imola 65 2.57
Ferrara 223 8.82
Romagna 604 23.89
First DMD ATC code
LO3AB07 — INTERFERON BETA-1A 375 14.83
LO3ABO08 — INTERFERON BETA-1B 35 1.38
LO3AB13 — PEGINTERFERON BETA-1A 77 3.05
LO3AX13 - GLATIRAMER ACETATO 631 24.96
L04AA23 — NATALIZUMAB 203 8.03
LO4AA27 — FINGOLIMOD 174 6.88
LO4AA31 - TERIFLUNOMIDE 252 9.97
L04AA34 - ALEMTUZUMAB 15 0.59
L04AA36 — OCRELIZUMAB 81 3.20
L04AX07 — DIMETHYL FUMARATE 685 27.10
First DMD type
Infusion 299 11.83
Injection 1118 44.22
Oral 1111 43.95
Multisource Comorbidity Score (mean =+ std. dev.) 3.2+35
Multisource Comorbidity Score: class
0 (MCS = 0) 737 29.15
1(1<=MCS<=4) 1111 43.95
2 (5 <=MCS <=9) 542 21.44
3 (10 <=MCS <=14) 103 4.07
4 (15 <= MCS <= 19) 22 0.87
5 (MCS >= 20) 13 0.51
MS MS

hospitalization emergecy admission

(N

relapses

systemic corticosteroids

Fig. 3. Venn diagram showing the sources of events contributing to the iden-
tification of relapses.

PwMS decreased but did not reach statistical significance (HR 0.76, 95
% CI 0.53 to 1.10), while highly adherent PwMS had a 25 % lower
hazard of experiencing a moderate or severe relapse than non-adherent
PwMS (HR 0.75, 95 % CI 0.58 to 0.98) (p-value test for trend: 0.0452).
All sensitivity analyses (Table 2) consistently showed that the Hazard
Ratio of moderate or severe relapses was inversely proportional to the
level of adherence.

4. Discussion

The present cohort study suggested an inverse relationship between
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adherence to drug therapy and the risk of moderate or severe relapses
among PwMS starting their first-ever treatment with DMDs. The pro-
tective effect was particularly strong (25 % lower hazard) among highly
adherent PwWMS (PDC>80 %), when compared to those non-adherent
(PDC<60 %). By increasing the buffer period, i.e., excluding PWMS
with minimum follow-up of less than 30, 90 and 180 days, respectively,
the protective effect of high adherence seemed to be attenuated, sug-
gesting that adherence to DMD therapy was particularly protective in
the early stages of treatment. During the follow up of our study we
observed an increasing number of PwMS initiating treatment with a
DMD in 2019, mainly due to the local availability of dimethyl fumarate
and ocrelizumab. Such patterns were in line with two recent Italian
studies on dimethyl fumarate (Mantovani et al., 2019; Mirabella et al.,
2018), and one on ocrelizumab (Moccia et al., 2022).

Healthcare utilization databases were used in this study as the data
source. Through record-linkage procedures using unique identifiers, it
was therefore possible to trace the entire medical history of each patient.
Although a Randomized Controlled Trial (RCT) design is considered to
be the ideal for assessing efficacy and safety of therapeutic agents, the
contribution of real-world studies is becoming increasingly important to
complement RCT evidence in terms of safety, efficacy, and cost of
medical care in clinical practice (Corrao and Mancia, 2022). Observa-
tional studies, however, are prone to various types of bias, particularly
selection bias, confounding by indication and misclassification, there-
fore the choice of the appropriate study design and statistical techniques
are crucial aspects to safeguard their internal validity. In pharmacoe-
pidemiologic research in particular, a precise definition of exposure is
mandatory in order to reduce the risk of non-differential misclassifica-
tion (BHCh and Stijnen, 2010). In our study, adherence to DMD treat-
ment was defined as the exposure. Commonly, adherence measures are
computed over a predefined observation period and included in a sur-
vival model as a baseline fixed covariate (usually dichotomous, i.e.
adherent yes/no), taking the end of the predefined observation period as
the start of the follow-up (Fig. 1, pattern a). Instead, by modeling
medication adherence as a time-depending covariate that jointly evolves
with the patient’s outcome, we incorporated its dynamic nature into the
analysis.

Previous research has shown that, compared to non-adherence, a
high level of compliance and adherence to recommended treatments is
associated with a decreased risk of relapses and lower frequency of
hospital visits (Oleen-Burkey et al., 2011; Ivanova et al., 2012; Cohen
et al., 2015; Burks et al., 2017). However, the directness and general-
izability of such results is limited, since some studies included only a few
categories of drugs (Oleen-Burkey et al., 2011; Ivanova et al., 2012),
while others relied on claims data from health insurance plans,
restricting the sample to commercially insured individuals only and/or
employed, thereby potentially introducing selection bias (Cohen et al.,
2015; Burks et al., 2017).

Performing a real-world observational study allowed us to overcome
some limitations of pivotal trials, currently the main source of data
concerning efficacy and safety of DMDs, thereby increasing the robust-
ness and reliability of the observed association. Administrative data
sources allow reliable estimates to be obtained in a relatively short time
on population samples that are highly representative, both in terms of
size and diagnostic variability, and with an adequate duration of follow
up in relation to the natural course of MS (Cohen et al., 2020). Addi-
tionally, the possibility that the observed association between the
exposure and the outcome was spurious is ruled out by a thorough
evaluation and adjustment for of all the possible known confounders
inferable from health administrative databases. Furthermore, by
analyzing the exposure to drugs as a time-dependent variable in a Cox
regression model, our study provided valid and precise risk estimates of
drug-outcome associations, appropriately representing the dynamic
nature of adherence. Lastly, several sensitivity analyses were performed,
confirming the inverse relationship between exposure and outcome
observed in the main analysis.



L.M.B. Belotti et al.

Table 2
Sensitivity analyses.
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Sensitivity Analysis N° What is changed from

the main analysis

How it is changed

Results
Adjusted HR (95 % CI)

1 Design Nested case-control 1:5
(instead of cohort)
2a Buffer period 90 days
(instead of 30 days)
2b 180 days
(instead of 30 days)
3a Adherence cut-off 70 % & 90 %
(instead of 60 % & 80 %)
3b 60 % & 85 %
(instead of 60 % & 80 %)
4 Adherence indicator MPR
(instead of PDC)
5 Outcome definition

(principal diagnosis) with an infection
among the secondary diagnoses

Excluded patients admitted for MS

adherence < 60 %

60 %<=adherence<80 %
adherence >= 80 %
adherence < 60 %

60 %<=adherence<80 %
adherence >= 80 %
adherence < 60 %

60 %<=adherence<80 %
adherence >= 80 %
adherence < 70 %

70 %<=adherence<90 %
adherence >= 90 %
adherence < 60 %

60 %<=adherence<85 %
adherence >= 85 %
adherence < 60 %

60 %<=adherence<80 %
adherence >= 80 %
adherence < 60 %

60 %<=adherence<80 %

reference

0.83 (0.55 -1.25) °
0.78 (0.59 - 1.04) *
reference

0.78 (0.53 - 1.15)
0.78 (0.59 - 1.02)
reference

0.84 (0.56 - 1.27)
0.80 (0.59 - 1.08)
reference

0.78 (0.59 - 1.03)
0.75 (0.57 - 0.97)
reference

0.76 (0.55 - 1.05)
0.75 (0.57 - 0.98)
reference

0.84 (0.56 — 1.25)
0.78 (0.60 - 1.02)
1

0.73 (0.50 - 1.05)

adherence >= 80 % 0.74 (0.57 - 0.96)

# Formally, they are Odds Ratios because come from a conditional logistic regression model; however, they should be interpreted as Hazard Ratios (Belleudi et al.,

2011).

Some important limitations should be acknowledged. Firstly,
administrative databases were not created for clinical research purposes,
and therefore do not incorporate important clinical data such as date of
onset, disease severity or disability. In addition, the validated algorithm
used to identify the population (PwMS on treatment with DMDs) cannot
distinguish among different MS phenotypes (relapsing-remitting rather
than primary or secondary progressive MS). However, although relapse
is an outcome generally associated with relapsing-remitting forms
(which account for 80-85 % of cases), temporary and sudden clinical
worsening warranting hospitalization, emergency room access, or ste-
roid treatment are also observed in progressive forms. About 40 % of
people with secondary progressive (Confavreux and Vukusic, 2006) and
11 % of the primary progressive (Montalban et al., 2017) phenotypes of
MS present relapses, which can therefore be considered a fair overall
proxy of MS, even in progressive forms.

Secondly, although the overall positive predictive value (PPV) and
sensitivity of the algorithm we used to identify relapses were rather poor
(58.9 %, 95 % CI 55.8-62.1 and 64.5 %, 95 % CI 61.3-67.7, respec-
tively), among PwMS younger than 40 years of age they were higher
(66.4 %, 95 % CI 62.3-70.5 and 65.6 %, 95 % CI 61.5-69.7, respec-
tively), suggesting a higher sensitivity in identifying relapses occurring
during the relapsing-remitting stage rather than in more advanced
stages with fewer relapse episodes, such as secondary progressive MS
(Colais et al., 2017). By selecting treatment naive PwMS, our study
included mainly subjects in the early stages of the condition, where the
algorithm may have been more accurate. Moreover, misclassification
cannot be completely excluded in our setting since the algorithm was
able to identify moderate or severe relapses, requiring pharmacological
treatment or hospitalization, respectively. Therefore, mild episodes not
requiring access to healthcare services might have been missed (low
sensitivity). However, such a potential limitation of algorithm-based
research on administrative databases is partially offset by greater
generalizability of results, since they are population-based, involve large
and highly representative samples and allow the detection of rare events
due to long-term assessment (Corrao and Mancia, 2015). Thirdly,
administrative databases do not provide the exact prescribed daily dose,
which can only be inferred from the DDDs. When estimating medication
adherence, we assumed that the proportion of days covered by a
dispensation matches the proportion of days of actual medication use (i.

e. we do not know if patients actually took what was prescribed).
Therefore, we cannot rule out exposure misclassification. However, this
is a widely used methodology and is thought to produce limited
distortion in the estimates of exposure-outcome association (Belleudi
et al., 2011).

5. Conclusion

Our study adds to the evidence base for recommending adherence to
treatment with DMDs in clinical practice, a key aspect for reducing
moderate or severe relapse rate. Expected adherence to treatment
should be carefully addressed by clinicians and PwMS when making the
important choice of which DMD to start treatment with, conveying the
principle that it can have an important effect on the treatment’s efficacy.
In previously untreated PWMS, such as the ones included in our study,
the choice of which DMD to start treatment with is therefore particularly
important and needs a thorough discussion between the treating clini-
cian and patient, considering not only the severity and stage of the
disease, but also the patient’s attitudes, preferences and expectations.
Indeed, oral medications offer the advantage of self-administration but
require high adherence to a daily administration schedule. Conversely,
drugs delivered by infusion may be administered less often (once or
twice a year) but require access to healthcare facilities, preparation and
more complex management for both the patient and health care services.
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