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Abstract
Objective  To examine the association between 
optimal adherence to the first-generation injectable 
immunomodulatory drugs (IMDs) for multiple sclerosis 
(MS) and subsequent disability accumulation.
Methods  We accessed prospectively collected linked 
clinical and administrative health data from British 
Columbia, Canada. Subjects with MS treated with a first-
generation injectable IMD at an MS clinic (1996–2004) 
were followed until their last clinic visit before 2009. 
Adherence was estimated using the proportion of days 
covered (PDC). The primary outcome was disability 
accumulation, defined as an increase in the Expanded 
Disability Status Scale (EDSS) score as recorded during 
each year of follow-up. Generalised estimating equation 
models, adjusted for baseline sex, age, EDSS and time 
between scores, were used to measure associations 
between optimal adherence (≥80% PDC) during the first 
year of treatment and subsequent disability accumulation. 
The relationship between early IMD adherence and the 
secondary outcome, time to sustained EDSS 6, was 
examined using Cox proportional hazards regression.
Results  Among 801 subjects, 598 (74.7%) had optimal 
adherence over the first year of IMD treatment and 487 
(39.0%) demonstrated one or more instances of disability 
accumulation. Early optimal adherence was not associated 
with disability accumulation (adjusted OR 0.94; 95% CI 
0.78 to 1.15), nor with time to sustained EDSS 6 (adjusted 
HR 0.91; 95% CI 0.57 to 1.44).
Conclusion  Almost three-quarters of subjects with MS 
had optimal early adherence to their first-line injectable 
IMD. There was no evidence that this was associated with 
disability accumulation in the following years.

Introduction
Multiple sclerosis (MS) is a chronic inflam-
matory disease of the central nervous system 
and is considered one of the most common 
reasons for non-trauma-related disability in 
young adults.1 The injectable immunomodu-
latory drugs (IMDs), beta-interferon and glati-
ramer acetate, are associated with reduced MS 

relapse rates in short-term clinical trials,2 but 
the evidence regarding the effects of these 
therapies on longer term disability progression 
drawn from observational studies is mixed.2 3 
These drugs are considered first-line therapies 
in Canada and are commonly used to treat MS 
worldwide.4

To maximise the potential benefit of any 
drug, it should be taken as indicated; however, 
multiple lifestyle, patient-specific and drug-re-
lated factors can affect adherence.5 Adher-
ence levels early in treatment predict future 
adherence patterns.6–8 In general, poor medi-
cation adherence is associated with poorer 
health-related outcomes, including higher risk 
of morbidity and mortality, increased health 
services utilisation and increased healthcare 
costs.9–11 In MS, poor adherence to the IMDs is 
associated with decreased quality of life, higher 
relapse rates and higher medical costs.9 12 13 
However, to date, the effects of IMD adher-
ence on MS progression are unknown. We 
examined the association between adherence 
during the initial year of therapy to a first-line 
injectable IMD and subsequent disability accu-
mulation in people with relapsing-onset MS in 
British Columbia (BC), Canada.
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Strengths and limitations of this study

►► One of the first population-based studies to 
examine the association between drug adherence 
and subsequent disability accumulation in multiple 
sclerosis.

►► Real-world setting, which increases the 
generalisability of the study results.

►► Observational studies cannot adjust or assess all 
potential (unknown) confounders.
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Table 1  Characteristics of subjects included in the primary 
analysis (n=801)

Characteristics
Descriptive 
summaries

At the index date (baseline)

Sex, n (%)

 � Male 192 (24.0)

 � Female 609 (76.0)

Age in years, mean (SD) 41.5 (9.5)

Disease duration in years, mean (SD)* 9.9 (8.3)

Initial (index) IMD, n (%)

 � Beta-interferon 713 (89.0)

 � Glatiramer acetate 88 (11.0)

During the baseline year

EDSS, median (IQR) 3.0 (2.0–4.0)

EDSS, n (%)

 � ≤3 472 (58.9)

 � >3 and ≤5.5 201 (25.1)

 � ≥6 128 (16.0)

Concurrent prescription drug classes, n (%)

 � 0–2 252 (31.5)

 � 3–4 194 (24.2)

 � 5-≤6 185 (23.1)

 � ≥7 170 (21.2)

Socioeconomic status, n (%)†

 � 1 (lowest) 130 (16.2)

 � 2 136 (17.0)

 � 3 179 (22.3)

 � 4 164 (20.5)

 � 5 (highest) 168 (21.0)

Charlson Comorbidity Index score, n (%)

 � 0 729 (91.0)

 � ≥1 72 (9.0)

*Disease duration measured from multiple sclerosis symptom 
onset (recorded in the British Columbia Multiple Sclerosis 
database) to the index date (missing for five subjects).
†Based on neighbourhood income at index (missing for 19 
subjects).
EDSS, Expanded Disability Status Scale: IMD, immunomodulatory 
drugs.

Methods
Study design and data sources
This was a retrospective cohort study involving linkage of 
prospectively collected clinical and administrative health 
data in BC. The BC Multiple Sclerosis (BCMS) database 
was the source of the MS cohort. This database, estab-
lished in 1980, captures detailed clinical information on 
patients registered at one of the four original MS clinics 
in BC. The BCMS cohort had previously been linked to 
BC administrative data to the end of 2008; linkage was 
complete in 2010, at which time all personal identifiers 
were removed. Routinely collected data include date of 
MS symptom onset, disease course at onset (relapsing or 
primary progressive), and level of disability at the time 
of each clinical assessment as measured by the Expanded 
Disability Status Scale (EDSS).14

BC’s comprehensive drug database (PharmaNet)15 
captures  >99% of prescriptions dispensed at outpatient 
and community pharmacies, with data available since 
1  January 1996. The Medical Service Plan database 
contains physician billing records including dates and 
diagnostic codes for each patient encounter using the 
International Classification of Disease (ICD), 9th version, 
and the Discharge Abstracts Database contains hospital 
admission and discharge dates,16 17 and diagnosis codes 
using ICD 9th version (to 2004) or ICD 10th (from 
2005) systems. These databases were used to estimate 
the comorbidity status of patients. The BC Registration 
and Premium Billing Files,18 which include registration 
dates in the compulsory provincial healthcare plan, were 
used to confirm residency during the study period. An 
estimate of socioeconomic status (SES) was obtained 
from each individual’s postal code and census-derived 
neighbourhood income data using an algorithm devel-
oped by Statistics Canada.19 A study-specific data set was 
created by linking the data at the individual  level using 
each person’s unique personal heath number (a lifelong 
number assigned to every resident of BC). All personal 
identifiers were removed before data release and analyses.

Study cohort
The study subjects included all persons with MS diagnosed 
by an MS specialist neurologist20 21 who were registered at 
a BCMS clinic before 31 December 2004, and received at 
least one prescription dispensation for a first-line inject-
able IMD between 1 January 1996 and 31 December 2008 
as recorded in the provincial prescription database. The 
only first-line IMDs available during the study period were 
interferon-beta-1b, interferon-beta-1a and glatiramer 
acetate.

Subjects were followed from their index date (date of 
the first IMD dispensation) until the last recorded EDSS 
score before the study end date, which was defined as 
the earlier of start of a non-first-line IMD for MS, entry 
in an MS drug-related clinical trial or 31 December 2008. 
Subjects were required to have at least 1 year of residency 
in BC before the index date (the ‘baseline year’) and 
1 year of residency between the index date and study end. 

Subjects were also required to have at least two recorded 
EDSS scores: one during the baseline year and one after 
the first year of IMD therapy. Because the first IMD for 
MS was approved for use in Canada 1995, virtually all of 
the included subjects were incident (new) users.

Study exposure and outcome
In the absence of guidelines for how long an individual 
should remain on an IMD, or prior studies examining 
adherence and disability progression, we examined adher-
ence during the first year of therapy. Prior studies have 
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Figure 1  Distribution of adherence.

Table 2  Association between IMD adherence and disability 
accumulation: results from the generalised estimating 
equation models (n=801)

Factors

ORs (95% CIs)*

Univariate 
analysis

Multivariable 
analysis

Level of adherence 
(PDC)

 �  Suboptimal 
(<80%)

1 1

 �  Optimal (≥80%) 0.94 (0.78 to 1.13) 0.94 (0.78 to 1.15)

Sex

 �  Female 1 1

 �  Male 1.28 (1.07 to 1.52) 1.28 (1.07 to 1.53)

Baseline age, years 1.07 (0.99 to 1.01) 1.00 (0.99 to 1.01)

Baseline EDSS 1.03 (0.98 to 1.08) 1.03 (0.98 to 1.08)

Time (years) 
between reference 
and outcome EDSS

1.41 (1.30 to 1.55) 1.42 (1.30 to 1.56)

*OR >1 indicates an increased likelihood of disability accumulation.
EDSS, Expanded Disability Status Scale; IMD, immunomodulatory 
drugs; PDC, proportion of days covered.

suggested that this first year may be clinically relevant, 
predicting longer  term response to the IMDs.22 Adher-
ence was estimated using the proportion of days covered 
(PDC) measure, calculated as the total number of days 
of drug dispensed during the 1-year period divided by 
365 days.23 All first-line injectable IMDs were considered 
as one therapeutic group, and switching between these 
agents was allowed. A PDC of ≥80% indicated ‘optimal’ 
adherence, and  <80% indicated ‘suboptimal’ adher-
ence.24 This threshold was used because it has been asso-
ciated with health-related outcomes in previous studies, 

and to allow for comparison with other adherence-re-
lated findings.25 26

The outcome of interest was disability accumulation, 
defined as an increase in the EDSS score of at least:
1.	 1.5 points if the reference (prior) EDSS was 027–29

2.	 1 EDSS point if the reference (prior) EDSS was ≥1 and 
<527 28

3.	 0.5 point if the reference (prior) EDSS was ≥5.0.27

Each subject’s follow-up period was divided into 
1-year intervals. EDSS scores were examined for each 
1-year interval (starting during the second year after 
the index date) to determine if disability accumulation 
had occurred (categorised as ‘yes or no’) relative to the 
previous year. The date the EDSS score was recorded 
within each yearly interval was the ‘outcome date’ for 
that interval. If multiple EDSS scores were recorded in 
a single interval, the highest (and earliest in the case of 
identical scores) was used. If no EDSS score was recorded 
in the reference interval, the score from the most recent 
1-year interval with an available EDSS score was used as 
the reference (online supplementary figure 1).

Statistical analyses and model adjustment
The association between IMD adherence and subsequent 
disability accumulation was examined using logistic 
regression models fitted via generalised estimating equa-
tions with an exchangeable working correlation struc-
ture.30 IMD adherence was modelled as a binary variable 
(optimal vs suboptimal). Potential confounders were 
selected for inclusion in the final models based either on 
clinical relevance (baseline sex, age and EDSS) or asso-
ciation with the outcome (p≤0.1 from univariate anal-
yses).31 These potential confounders (measured during 
the baseline year) included all prescriptions dispensed 
(excluding the MS IMDs), grouped according to the 
Anatomical Therapeutic Chemical Classification System 

https://dx.doi.org/10.1136/bmjopen-2017-018612
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at the fourth level (ie, pharmacological subgroup),32 and 
categorised as 0–2, 3–4, 5–6 or  ≥7, comorbidity status 
measured using Deyo  et  al’s adaptation of the Charlson 
Comorbidity Index33 (categorised as 0 or  ≥1), and esti-
mated neighbourhood SES (expressed as quintiles). All 
models were adjusted for the time between the reference 
and outcome EDSS score.

Sensitivity and secondary analyses
To fully explore the association between IMD adherence 
and disability accumulation, we performed several sensi-
tivity analyses and assessed one secondary outcome. For 
the sensitivity analyses we first measured disability only 
over the time period that the subject was ‘on drug’, ending 
follow-up at the last EDSS assessment before the earliest 
of IMD discontinuation (defined as the first day of >180 
days with no exposure to a first-line IMD), initiation of a 
non-first-line IMD, MS drug clinical trial registration or 
31 December 2008. Second, if multiple EDSS scores were 
recorded in a single 1-year interval, the lowest, rather 
than highest, score was used as the outcome EDSS. Third, 
we examined the association between early adherence 
and disability accumulation in only those subjects with 
both reference and outcome EDSS scores recorded for 
every year between the index date and study end date (ie, 
no EDSS scores were carried forward as reference values). 
Finally, we examined the association between disability 
accumulation and adherence, with adherence treated as a 
continuous variable, categorised into quartiles and using 
a 90% (instead of 80%) threshold for optimal adherence.

Our secondary study outcome was time to a confirmed 
and sustained EDSS score of 6.0. This outcome, consid-
ered as irreversible disability, was achieved when all subse-
quent EDSS scores were 6.0 or higher, with at least two 
records of EDSS 6.0 separated by ≥180 days, as used previ-
ously.3 Multivariable Cox proportional hazards models 
were used to examine the association between IMD adher-
ence and time to sustained EDSS 6.0, adjusted for poten-
tial confounders (see online supplementary methods and 
supplementary figure 1 for additional details).

Statistical analyses were performed using the Statistical 
Package for the Social Sciences (SPSS) V.21.034 and R 
V.3.1.2.35

Results
A total of 801 subjects were included in the primary 
analyses with a mean age of 41.5 years, a mean disease 
duration of 9.9 years and a median EDSS of 3.0 at the 
index date. There were a total of 6305 person-years of 
follow-up (mean of 7.9 (SD: 2.4) years) (table 1). Overall, 
598 subjects (74.7%) had optimal adherence during the 
first year of therapy (figure 1), and 487 (39.0%) met the 
disability accumulation criterion at least once during 
follow-up.

SES, prescription drug exposure and comorbidity 
index measures during the baseline year were not signifi-
cantly associated with subsequent disability accumulation 

in the univariate analyses and were not included in the 
multivariable models. After adjustment for baseline sex, 
age and EDSS, and the amount of time between refer-
ence and outcome EDSS scores, there was no evidence of 
an association between optimal adherence to a first-line 
injectable IMD during the first year of therapy and subse-
quent disability accumulation (adjusted OR (adjOR) 0.94; 
95% CI 0.78 to 1.15) (table 2). Compared with women, 
men were at greater risk of disability accumulation over 
the study period (adjOR 1.28 (1.07 to 1.53) (table 2).

Findings from the sensitivity and secondary analyses 
were consistent with those from the primary analyses; 
optimal adherence was not associated with disability accu-
mulation or time to sustained EDSS 6.0 (adjusted HR 
0.91; 95% CI 0.57 to 1.44) (online supplementary tables 
1 and 2). There was also no evidence of an association 
between optimal adherence and disability accumulation 
when adherence was included in the models as a contin-
uous variable, categorised into quartiles, or with a 90% 
threshold for optimal adherence (results not shown).

Discussion
In this MS cohort, nearly three-quarters of the subjects 
demonstrated optimal adherence during the first year 
of using a first-line injectable IMD therapy. We did not 
observe a difference in the odds of disability accumulation 
for those with optimal IMD adherence in the first year of 
therapy compared with those with suboptimal adherence. 
Similarly, no difference was observed when disability was 
assessed as the time to the sustained milestone, EDSS 6.0.

Most individuals in our cohort were found to have 
optimal adherence, which is similar to adherence levels 
reported in previous studies.12 36 For instance, a study 
that examined adherence during the first year of IMD 
therapy in 2446 patients with MS covered by commer-
cial health plans in the USA reported that 60% of the 
cohort had optimal (≥80%) adherence.9 Another recent 
study examined adherence in 4830 individuals with MS 
using health administrative data from three provinces 
in Canada (which included BC). Optimal adherence 
(≥80%) was achieved in 76% of subjects during the first 
year of therapy.36

Previous studies have reported on the effects of IMD 
adherence on the  quality of life of patients with MS,10 
medical care costs9 and relapse risk,37 but to our knowl-
edge no study has examined the association between 
IMD adherence and disability accumulation. We did not 
observe positive effects of IMD adherence on disability. 
As it is known that not all individuals respond to beta-in-
terferon or glatiramer acetate therapy, one potential 
explanation for this null finding could be that optimal 
adherence is only associated with beneficial effects within 
certain subgroups of people with MS. Alternatively, while 
the first-line injectable IMDs have demonstrated modest 
effects on disability accumulation over the short term in 
clinical trials,2 38 it is possible that this effect does not trans-
late into long-term benefits in real-world clinical practice. 

https://dx.doi.org/10.1136/bmjopen-2017-018612
https://dx.doi.org/10.1136/bmjopen-2017-018612
https://dx.doi.org/10.1136/bmjopen-2017-018612
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Although it is not known how long a person should be 
on an IMD before gaining benefit, assessment of adher-
ence over the first year may be insufficient, and may 
miss non-adherence that occurs after the first year, due 
to needle fatigue for example.39 We specifically assessed 
adherence in the first year for a number of reasons. First, 
others have shown that this initial window may be of clin-
ical relevance, predicting future response.22 Second, this 
method facilitated a degree of separation between the 
exposure (adherence) and outcome (disability accumu-
lation). Finally, previous studies have shown that early 
adherence after drug initiation is predictive of later adher-
ence in some chronic conditions, including MS.6–8 One 
recent study from an American-managed care program 
database found that adherence over the 1-year period 
immediately following IMD initiation predicted adher-
ence over the subsequent year.6 Similarly, adherence to 
statins during the first 4 months after therapy initiation 
was shown to predict adherence over the subsequent year 
in a large North American population.7

A major strength of this study is the use of a repre-
sentative sample of individuals with MS in the ‘real-
world’ setting. Although findings from the short-term 
clinical trials of the first-generation IMDs demon-
strated modest effects on disability accumulation, 
clinical trials tend to enrol participants who are highly 
selected in terms of age, comorbidities and motiva-
tion, and employ strict protocols for clinical moni-
toring to prevent or mitigate severe adverse events. 
Thus, trial participants may not be fully representa-
tive of those treated in clinical practice, such that 
data on effectiveness and adherence derived from 
clinical trial participants may not be generalisable to 
the wider MS population. Further strengths include 
study outcomes (EDSS scores) that were assigned by 
the treating MS neurologists during clinic visits and 
captured prospectively. Also, our use of prescription 
dispensations from administrative data to estimate 
adherence eliminated the potential for recall bias. 
Finally, to test the robustness of our main findings, we 
examined the association between IMD adherence and 
disability accumulation using a variety of approaches, 
including a secondary (alternative) outcome and 
different methods of categorising adherence. All of 
the findings from these sensitivity analyses confirmed 
that there was no evidence of an association between 
optimal IMD adherence during the first treatment 
year and subsequent disability accumulation.

There are limitations that should be noted. We 
cannot be certain that a patient who received a 
dispensation for an IMD actually administered the 
drug. However, given the high cost of IMDs, the 
number of patients who actively filled repeated 
prescriptions for their medications but did not use 
them is assumed to be negligible. As with all observa-
tional studies, we were not able to assess all potential 
confounders; our data did not include information 
on lifestyle, such as smoking status or diet, both of 

which could be associated with IMD adherence and 
disability accumulation.40 41 However, we were able to 
account for disability level and comorbidity burden 
at baseline, both of which have been linked to IMD 
adherence and subsequent MS disability accumula-
tion in previous studies.41 Finally, we used the EDSS 
to measure disability accumulation. While this is a 
routine clinical measure and the most widely used and 
internationally recognised disability assessment tool 
in MS, it is heavily influenced by ambulation and does 
not adequately capture other common MS symptoms 
such as cognitive deficits and fatigue.

This is the first study to examine the impact of adher-
ence to the first-line injectable IMDs on disability 
accumulation in MS. Among a cohort of incident 
users of first-line injectable IMDs, we were unable to 
find evidence that individuals with MS with optimal 
adherence during the first year of therapy were at 
lower odds of disability accumulation compared with 
those with suboptimal adherence. However, it remains 
possible that optimal adherence to IMDs positively 
affects other important outcomes for people with MS 
that were not considered here, such as quality of life 
and employment status. Further research examining 
other relevant MS-related outcomes is needed to fully 
understand the impact of IMD adherence in MS.
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