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Abstract
Objectives To analyse persistence and adherence
in patients with multiple sclerosis receiving first-line
treatment with subcutaneous glatiramer acetate
20 mg (GA), subcutaneous interferon β1a (IFNβ1asc), intramuscular interferon β1a (IFNβ1a-im) and
subcutaneous interferon β1b (IFNβ1b-sc) and to identify
associated factors and reasons for discontinuation.
Methods An observational retrospective study was
performed between January 1999 and November 2014.
Persistence was defined as the time from treatment
initiation until discontinuation, and adherence as the
number of units dispensed since treatment initiation
until its interruption divided by the theoretical number
of units needed to cover said period as a percentage. A
patient was considered adherent if ≥95%. Persistence
was measured using the Kaplan–Meier method and
univariate Cox regression; adherence was measured
using a univariate binary logistical regression model.
Results The study included 224 patients. The median
persistence was 1349 days (95% CI 1017.4 to 1680.6).
Patients receiving IFNβ1a-im continued treatment for
a longer time (1720 days; 95% CI 1196.8 to 2243.2),
while patients treated with IFNβ1a-sc had the lowest
persistence (771 days; 95% CI 377.4 to 1164.6)
(HR=1.7; 95% CI 1.02 to 2.72). Patients with Expanded
Disability Status Scale (EDSS) 1.5–6 discontinued
treatment earlier than those with EDSS 0–1 (HR 1.5;
95% CI 1.01 to 2.25); 94.4% of patients discontinued
treatment due to medical decision, primarily due to
lack of efficacy (24.6%) and adverse effects (17.4%),
while 80.8% of patients had good adherence. GA had
the highest adherence, with no major difference from
IFNβ1a-im, while IFNβ1b-sc showed the highest nonadherence (OR 3.5; 95% CI 1.29 to 9.28).
Conclusions The persistence levels obtained were
lower than in similar studies. EDSS was identified as
an independent predictor of treatment interruption.
Acceptable adherence was achieved among the
population, comparable to other studies and influenced
by the drug.
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Multiple sclerosis (MS) is a progressive chronic
inflammatory disease of the central nervous system
with autoimmune causes, characterised by the
presence of multiple demyelinating plaques spread
throughout the brain and the spinal cord. There
has been an increase in the incidence and prevalence of the disease, but this has not been caused
by better diagnostic methods that allow an earlier
diagnosis but, rather, it seems to be caused by environmental factors.1 Recent epidemiological studies

have classified Mediterranean Europe as a high-risk
region; in Spain the mean prevalence is 100 patients
per 1 00 000 inhabitants.1
MS symptomatology can be very diverse,
depending on the type of disease, location of lesions
and evolution stage. There are various forms of
evolution according to the classification by Lublin
et al: relapsing-remitting MS (RRMS), primary
progressive MS (PPMS), secondary progressive
MS (SPMS) and progressive-relapsing MS (PRMS).
RRMS affects 85% of patients and presents with
flare-ups; PPMS affects 10% of patients, who
have no defined flare-ups but constant worsening;
SPMS is the form of the disease to which 30–50%
of patients with RRMS will progress and is characterised by continuous progression; and PRMS is
very infrequent and has a severe prognosis.2 The
clinically isolated syndrome (CIS), which is the first
clinical presentation of the disease, has recently
been described, while the radiologically isolated
syndrome (RIS) describes those cases where incidental imaging findings suggest inflammatory
demyelinating lesions in the absence of clinical signs
or symptoms.2
Currently, only disease-modifying therapies
(DMTs) are available, which reduce the number of
flare-ups and slow disease progression. The current
treatment pattern is a sequential monotherapy,
starting with treatments with moderate efficacy but
high safety and continuing with drugs which are
more potent but present a more adverse toxicity
profile—which is why we speak, conventionally,
about first- and second-line drugs.3 MS presents
characteristics of a chronic disease and therefore
factors such as adherence and persistence will have
an impact on treatment efficacy.4
Adherence is defined by the International Society
for Pharmacoeconomics and Outcomes Research
as the extent to which a patient acts in accordance
with the prescribed interval and dose and dosing
regime.5 Equally, the World Health Organization defines adherence as the extent to which the
patient's history of therapeutic drug-taking coincides with the treatment prescribed by the healthcare professional.6 Persistence is defined as the time
during which the patient continues treatment—that
is, the time elapsed from initiation until interruption.5 The measurement of persistence is relevant,
among other reasons, because a minimum time
of treatment duration is required for drugs to be
effective.
Similar to other chronic conditions, the analysis of adherence and persistence in MS becomes
relevant due to the correlation between a chronic
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Persistence and adherence to interferon and
glatiramer acetate in patients with multiple sclerosis
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Methods

An observational retrospective study was performed in naïve
patients with a diagnosis of MS who started first-line treatment in a University Hospital between 1 January 1999 and 30
November 2014. The follow-up period was from treatment initiation until discontinuation or the end of the study (May 2015).
Patients who started treatment in another centre were excluded.
The parenteral DMTs analysed were those marketed at the
time of treatment initiation: subcutaneous glatiramer acetate
20 mg (GA), subcutaneous interferon β1a (IFNβ1a-sc), intramuscular interferon β1a (IFNβ 1a-im) and subcutaneous interferon
β1b (IFNβ1b-sc).
Patients were selected through the Pharmacy application for
Outpatients, and clinical data were obtained from the review of
electronic clinical records as well as from the forms requesting
treatment initiation. The variables collected were: gender, date of
birth, form of evolution, EDSS before treatment initiation, firstline drug, dates of treatment initiation and interruption, units
dispensed and reasons for interruption. Treatment interruption

Table 1

was classified depending on who took the decision—the neurologist or the patient.
Persistence was defined as the time in days from treatment
initiation until discontinuation for any cause,7 according to
Pharmacy records. For periods between dispensing >1.5 times
the time covered by the medication dispensed, persistence was
confirmed through the electronic clinical record. Patients do
not need to go for refills with a new prescription each time;
prescriptions are valid until the next doctor's appointment in
several months' time. The sequencing of the different doses of
IFNβ1a-sc was not considered discontinuation. Treatment interruption refers to the percentage of treatment interruption at any
time of follow-up. The adherence rate (A) was calculated as the
number of units dispensed since treatment initiation and until
discontinuation (D) divided by the theoretical number of units
needed to cover said period (N) × 100 times (A = (D/N) × 100).
A patient was considered adherent if ≥95%.11 For the mean
calculation, adherence >100% (data resulting from medication
collection in advance) was considered as 100% adherence.

Analysis of data
A descriptive analysis was conducted, presenting categorical
baseline variables as absolute frequencies and percentages and
continuous variables as means and SD. Comparison of the baseline demographic characteristics (gender, age, form of evolution
and EDSS) between the treatment arms was conducted using the
ANOVA test, χ2 test or Fisher exact test. For analysis, patients
were classified into two groups according to mean age and
EDSS in order to obtain two arms of similar size. Differences in
persistence were estimated based on the drug and demographical variables using Kaplan–Meier survival techniques (log-rank
test) and univariate Cox regression. The analysis of adherence
by parenteral DMTs and the determination of the association
between adherence and the different demographical variables
was analysed using a univariate binary logistical regression
model; the group with the highest adherence was used as a

Baseline demographic characteristics
GA (n=54)

IFNβ1a-sc (n=47)

IFNβ1a-im (n=73)

IFNβ1b-sc (n=50)

Overall (n=224)

p Value

 Male

17 (31.5)

20 (42.6)

21 (28.8)

20 (40.0)

78 (34.8)

0.35*

 Female

37 (68.5)

27 (57.4)

52 (71.2)

30 (60.0)

146 (65.2)

 Mean

36.2

35.8

36.7

36.9

36.4

 SD

8.7

10.4

10.4

11.5

10.2

 ≤36 years

27 (50)

25 (53.2)

36 (49.3)

28 (56)

116 (51.8)

 >36 years

27 (50)

22 (46.8)

37 (50.7)

22 (44)

108 (48.2)

 RRMS

54 (100.0)

41 (87.2)

70 (95.9)

41 (82.0)

206 (92)

 SPMS

0 (0.0)

5 (10.7)

3 (4.1)

6 (12.0)

14 (6.2)

 PPMS

0 (0.0)

1 (2.1)

0 (0.0)

3 (6.0)

4 (1.8)

 0–1

27 (52.9)

13 (43.3)

32 (51.6)

14 (32.6)

86 (46.2)

 1.5–6

24 (47.1)

17 (56.7)

30 (48.4)

29 (67.4)

100 (53.8)

Gender, n(%)

Age (years)
0.96†

Groups, n (%)
0.89*

Evolution forms, n (%)
0.00‡

EDSS, n (%) (n=186)§
0.17*

*Pearson’s χ2 test.
†One-way ANOVA test.
‡Fisher’s exact test.
§EDSS data were unknown for 38 patients.
EDSS, Expanded Disability Status Scale; GA, glatiramer acetate; IFNβ 1a-im, intramuscular interferon β1a; IFNβ1a-sc, subcutaneous interferon β1a; IFNβ1b-sc, subcutaneous
interferon β1b; PPMS, primary progressive multiple sclerosis; RRMS, relapse-remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis.

24

Bartolomé-García E, et al. Eur J Hosp Pharm 2019;26:23–28. doi:10.1136/ejhpharm-2017-001286

Eur J Hosp Pharm: first published as 10.1136/ejhpharm-2017-001286 on 31 August 2017. Downloaded from http://ejhp.bmj.com/ on 23 May 2019 by guest. Protected by copyright.

condition and a reduction in their rates.6 Different studies
on DMTs have been conducted, which show the existence of
multiple factors that can have an influence on adherence and
persistence including patients getting tired of chronic treatment, perceived loss of efficacy, adverse effects, problems with
the injection device and dosing frequency.7 8 A recent Canadian
study showed aspects associated with non-adherence such as loss
of cognitive ability, disease duration, Expanded Disability Status
Scale (EDSS) and alcohol dependency.9 Regarding persistence,
Correia et al identified baseline EDSS as a discontinuation
factor.10
The primary objective of our study is an overall analysis of
persistence and adherence among DMTs with parenteral subcutaneous and intramuscular administration (DMTps) as first-line
treatment for patients with a diagnosis of MS. Our secondary
objective is to identify the associated factors and reasons for
discontinuation.

Original article
Analysis of persistence by Kaplan–Meier and Cox regression (univariate analysis)
GA (n=54)

IFNβ1a-sc (n=47)

IFNβ1a-im (n=73)

IFNβ1b-sc (n=50)

Overall (n=224)

Median, days

1381

771

1720

992

1349

 
 95% CI

413.8 to 2348.2

377.4 to 1164.6

1196.8 to 2243.2

84.6 to 1899.4

1017.4 to 1680.6

Interruption percentage (%)

51.8

74.5

41.1

64

55.8

 6 months

88.7

91.5

95.9

90

91.9

 1 year

84.8

78.6

90.0

79.6

83.9

 3 years

55.9

43.6

67.3

46.8

54.6

 7 years

12.2

21.5

28.1

22.9

23.1

HR

1.4

1.7

Reference

1.6

 95% CI

0.85 to 2.38

1.02 to 2.72

1.00 to 2.68

 p Value

0.18

0.04

0.06

Probability of persistence (%)

GA, glatiramer acetate; IFNβ1a-im,intramuscular interferonβ1a; IFNβ1a-sc,subcutaneous interferonβ1a;IFNβ1b-sc,subcutaneous interferonβ1b.

reference for each variable. The statistical program SPSS V.19.0
was used for data analysis.
Confidentiality regarding personal details was maintained
according to the current national legislation.

Results

The study included 244 patients. Their mean (SD) age at treatment initiation was 36.4 (10.2) years and 65.2% were female.
The predominant form of MS was RRMS (92%). Regarding
treatment, 32.6% of patients received IFNβ1a-im, 24.1%
were treated with GA, 22.3% with IFNβ1b-sc and 21% with
IFNβ1a-sc. Table 1 shows the demographic and clinical baseline
characteristics of the population. The four treatment arms were
homogeneous with regard to gender, age and EDSS, but not in
terms of form of disease evolution. All patients in the GA arm
had RRMS while around 10% of patients in the IFNβ1a-sc and
IFNβ1b-sc arms had SPMS. Approximately half of the population with EDSS on record had values between 0 and 1 and none
of them had EDSS ≥6.5.
By the end of the study, 55.8% of patients had discontinued
treatment, 36.6% were still on treatment and 7.6% of patients
were lost to follow-up.
The median time of overall persistence estimated using the
Kaplan–Meier method was 1349 days (95% CI 1017.4 to

Figure 1 Kaplan–Meier survival curves (persistence) for glatiramer
acetate (GA), intramuscular interferon β1a (IFNβ 1a-im), subcutaneous
interferon β1a (IFNβ1a-sc) and subcutaneous interferon β1b (IFNβ1b-sc).

1680.6). The probabilities of persistence at 6 months and 1, 3
and 7 years were 91.9%, 83.9%, 54.6% and 23.1%, respectively.
There were no statistical differences in time of treatment continuation between drugs (p=0.16). However, it was observed that
patients receiving IFNβ1a-im continued treatment for a longer
time. Taking IFNβ1a-im as a reference, there was a statistical
difference in persistence for IFNβ1a-sc with HR 1.7 (95% CI
1.02 to 2.72) (see table 2 and figure 1).
The reason for discontinuation was a clinical decision in
94.4% of cases, mostly due to lack of efficacy (24.6%) and
adverse effects (17.4%) (figure 2). Among those patients who
did not continue treatment beyond 6 months, treatment discontinuation was due to toxicity in 82.4% of cases.
Regarding the study on adherence, 80.8% of patients had good
adherence with a mean rate of 97.2%. Adherence was highest
with GA and was not significantly different from IFNβ1a-im,
while IFNβ1b-sc had the highest non-adherence rate with a risk
3.5 times higher than that of GA (table 3).
In the overall study on persistence and adherence by gender,
age, form of evolution and EDSS, we did not find any significant differences except regarding persistence for EDSS. The risk
of discontinuation estimated for patients with EDSS 1.5–6 was
1.51 times higher than that for patients with EDSS 0–1 (table 4).
Treatment discontinuation occurred in 58% of adherent
patients and in 46.5% of non-adherent patients (p=0.17). After
analysing adherence data according to the reasons for treatment
interruption, 13.1% of patients who discontinued due to lack of
efficacy were non-adherent, as well as 13.3% of patients who
interrupted treatment due to adverse effects. Seven patients
interrupted treatment voluntarily and three of them were
non-adherent.

Figure 2
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Table 2

Original article
Analysis of adherence through univariate binary logistical regression
GA (n=54)

IFNß1a-sc (n=47)

IFNß1a-im (n=73)

IFNß1b-sc (n=50)

Overall (n=224)

Adherence,* n(%)

47 (87.0)

38 (80.9)

63 (86.3)

33 (66.0)

181 (80.8)

 OR†

–

1.6

1.1

3.5

 95% CI

0.54 to 4.67

0.38 to 3.01

1.29 to 9.28

 p Value

0.40

0.90

0.01

*Percentage of patients with adherence ≥95%.
†Risk of non-adherence vs GA.
GA, glatiramer acetate; IFNβ 1a-im, intramuscular interferon β1a; IFNβ1a-sc, subcutaneous interferon β1a; IFNβ1b-sc, subcutaneous interferon β1b.

Discussion

The benefits of continuous treatment in the setting of chronic
conditions have been well documented; in the case of MS, these
translate into a slower progression of the disease. Previous
studies have shown that those patients with higher adherence
and persistence have a lower risk of relapse and a better quality
of life; this is also associated with a lower use of healthcare
resources.7 12 13 For these reasons, it is relevant to study treatment persistence and adherence, such as has been analysed in
this retrospective study on naïve patients who have started firstline treatment with parenteral DMTs over a 16-year period.
The literature on persistence and adherence studies shows a
lack of homogeneity in the measurement methods and definitions, as pointed out by other authors.14 Thus, we have observed
variability when comparing persistence results with other
studies, possibly due to differences in design, sample size and
definitions. The retrospective series by Correia et al10 shows
similarities to our study and our discontinuation rate, although
the median persistence in our study was lower (1349 days vs
1614 days). Both studies had similar definitions of persistence
and both were retrospective single-centre studies. The differences between them may therefore be due to the fact that, in
the Portuguese study, the patients presented exclusively with the
RRMS and CIS forms of the disease. In addition, the outcomes
could have been affected by variability in the clinical management of patients, a reflection of the existing lack of consensus on
criteria for progression to treatment, a factor that we have not
analysed. Our estimations for persistence at 6 months and 1 year
are higher than those obtained in studies conducted with large
healthcare system databases such as the cohort studies by Evans

Table 4

et al15 and Reynolds et al.16 Sample size is probably a decisive
factor for these differences.
No significant differences in terms of persistence were found
between drugs, although patients on IFNβ1a-im had a higher
persistence rate, followed by GA with similar values and
IFNβ1a-sc in last place (in our study we did not differentiate
the two dosing regimens for IFNβ1a-sc). We observed high
persistence values with IFN-sc at 6 months, possibly due to dose
escalation at treatment initiation. These outcomes are in agreement with the observations by Reynolds et al16 and Correia et
al.10 The values obtained for GA are very similar to those for
IFNβ1a-im, so we cannot associate frequency of administration
with persistence, as suggested by Correia et al.10
According to the literature available, we found a higher
tendency for interruption of treatment in women and in younger
patients.16 We also observed that EDSS had a significant influence on persistence. Patients with more advanced disability will
discontinue treatment earlier; the explanation put forward by
Correia et al10 is the need to change lines of treatment in order
to prevent future progressions, which is a hypothesis not analysed in our study. It was not possible to assess the association
between persistence and the form of disease evolution due to
lack of homogeneity between the groups.
In the majority of cases the decision to interrupt treatment
was made by the neurologist, mostly due to lack of efficacy
and adverse effects; this agrees with findings in the literature
in both retrospective10 and prospective series.17 When analysing
each drug, IFNβ1a-im had the highest rate of discontinuation
due to lack of efficacy, which agrees with the findings of other
authors.10 GA had the highest rate of interruption due to adverse

Analysis of persistence and adherence according to demographical variables
Persistence

Adherence

HR

95% CI (p value)

OR

95% CI (p value)

 Male

–

–

–

–

 Female

1.3

0.91 to 1.94 (0.14)

1.3

0.65 to 2.55 (0.74)

 ≤36 years

1.2

0.82 to 1.67 (0.38)

1.2

0.60 to 2.25 (0.67)

 >36 years

–

–

–

–

 RRMS

–

–

4.6

0.62 to 33.48 (0.14)

 PPMS

1.7

0.93 to 2.98 (0.09)

–

–

 SPMS

2.5

0.61 to 10.29 (0.20)

2.5

0.26 to 24.38 (0.43)

 0–1

–

–

1.1

0.48 to 2.37 (0.87)

 1.5–6

1.51

1.01 to 2.25 (0.04)

–

–

Gender

Age

Form of evolution

EDSS

EDSS, Expanded Disability Status Scale; GA, glatiramer acetate; PPMS, primary progressive multiple sclerosis; RRMS, relapse-remitting multiple sclerosis; SPMS, secondary
progressive multiple sclerosis.
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Table 3

Original article
as socioeconomic level, patient/healthcare staff relationship,
disease denial, perception of lack of treatment benefit and
adverse effects, motivation or family/social support. These
variables showing the patient’s point of view have been
collected by authors such as Fox et al18 and Twork et al23 and
we have not included them in our study.
Currently, oral drugs are being introduced into clinical
practice, although parenteral DMTs continue to be prevalent. There is uncertain knowledge about the performance of
these drugs beyond 2 years and there is a lack of comparative
studies, which is why observational studies with prolonged
follow-up times are relevant so that these drugs can be analysed comparatively. It is important to identify non-adherent
patients, to analyse the reasons for this, and to develop individualised strategies in order to improve treatment adherence
and efficacy; consequently, there will probably be an impact
on persistence. Therefore, real-practice studies with adequate
size and design are needed to collect clinical data on disease
evolution and treatment efficacy, strict records that allow more
accurate calculation of adherence rates and data from patients
regarding health outcomes, which are particularly valuable in
MS due to the characteristics of the treatments and disease. It
is also necessary to reach consensus about calculation systems
and definitions. Only then will we be able to identify and interpret accurately those factors that have an impact on persistence
and adherence, which is information required in order to direct
healthcare staff in their actions targeted to improving results in
MS treatment.

Key messages
What is already known on this subject

►► Multiple sclerosis is a chronic disease. This makes it relevant

to study adherence and persistence due to the correlation
between chronic conditions and the reduction in their rates.
►► Patients with multiple sclerosis with higher adherence and
persistence have a lower risk of relapses and a better quality
of life, being associated with a lower use of healthcare
resources.
►► Multiple factors can have an influence on adherence and
persistence, such as gender, age, EDSS, perceived loss of
efficacy, adverse effects, problems with the injection device or
dosing frequency.
What this study adds

►► Additional data on persistence and adherence with DMTs.
►► Although no significant differences in terms of persistence

were found between drugs, patients on IFNβ1a-im had a
higher persistence rate.
►► GA had the highest adherence rate, without major differences
from IFNβ1a-im.
►► More evidence is provided about the factors that can
influence both adherence and persistence, with EDSS being
an independent predictor of treatment interruption according
to the results.
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effects, possibly because of its daily administration and cutaneous toxicity. This relationship has not been found in other
studies10 and contrasts with the view that GA is better tolerated
than interferons.18
It is estimated that half of patients with chronic diseases have
low treatment adherence,19 which is why we highlight the acceptable adherence rate in our population (80.8%). It is difficult to
compare adherence rate results because different studies will
use different definitions and different methods of calculation.
Following a review of the literature, we consider that our study
was reasonably demanding (≥95%). Thus, the Global Adherence Project study in Spain estimated a 75% adherence rate in
patients with RRMS, using a very strict definition of adherence
(100%).13 However, the retrospective study by López-Méndez et
al20 and the prospective study by McKay et al,8 considering that
a patient was adherent if the percentage of days covered by the
medication dispensed was ≥80% and using different calculation
systems, obtained adherence rates of 83.6% and 77.9%, respectively, similar to our outcomes. There are other methods not
considered in our study to measure adherence with lower feasibility, such as direct patient observation, questionnaires, electronic administration devices, remaining medication count or
patient diaries.
We obtained higher adherence rates with GA, which were not
statistically different from IFNβ1a-im. The risk of non-adherence with IFNβ1b-sc is 3.5 times higher than with GA, and the
main cause for this could be the adverse effects associated with
interferons (although, according to our data, their severity is
not sufficient to become the main cause for treatment interruption). However, the objective of this study was not to analyse the
causes for lack of treatment adherence. The frequency of administration did not appear to be a decisive factor for adherence
to parenteral DMTs. When comparing our outcomes with the
published literature we found contradictory information. There
are studies demonstrating that IFNβ1a-im is the drug with the
highest rate of adherence7 16 21 22 while, on the other hand, the
prospective studies by Santolaya et al17 and McKay et al9 are in
agreement with our results.
We have not detected significant differences for adherence in
terms of gender, age or EDSS; however, there is a certain trend
for higher adherence among women and young patients. There
is no indication in our outcomes of any relationship between
adherence and persistence, while the study on interferons by
Vicente Iturbe C et al11 showed a higher discontinuation rate
among non-adherent patients.
The limitations identified for this study are its retrospective
and single-centre design and the limited size of the series analysed. The results must therefore be interpreted according to
these limitations. In addition, for the adherence calculation we
have assumed that all doses dispensed have been administered,
which could lead to an overestimation of our results. Questionnaries should be included in the daily routine as a complement
to confirm that the drug has been administered.
In summary, when comparing our results with other similar
studies, we obtained lower persistence times, without identifying the causes, and similar discontinuation rates. EDSS
was identified as an independent factor predicting treatment
interruption. Regarding adherence, we have obtained results
comparable to other studies, and it has been influenced by
the drug used. However, we cannot claim that the differences
found in adherence and persistence between the four treatment arms can be assigned only to those factors identified due
to the limitations of our study and because there is a likely
impact on adherence and persistence by other variables such
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