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ABSTRACT

BACKGROUND: Multiple sclerosis (MS) is a neurological degenerative chron-
ic condition without cure. However, long-term disease-modifying therapies 
(DMTs) help reduce the severity of MS symptoms. Adherence to DMTs is key 
to their success. Several studies have analyzed what makes patients adher-
ent to their DMTs. As new DMTs have entered the market, few studies have 
analyzed factors of adherence using all currently available DMTs. 

OBJECTIVE: To analyze different factors of adherence to DMTs for MS, in 
particular how the type of DMT affects adherence. 

METHODS: This retrospective cohort study used enrollment and claims data 
from an upper Midwest health plan in the United States between 2011 and 
2013. Patients entered the study if they had any medical claim with an MS 
diagnosis and used only 1 DMT during the study time frame. Medication 
possession ratios (MPRs) were computed as the fraction of days with medi-
cation supplied during the year; patients with MPRs of 0.8 or higher were 
considered adherent. Multivariate probit models with patient-specific ran-
dom effects were estimated, with controls for demographic characteristics, 
type of DMT, health plan type, and measures of health status. 

RESULTS: Patients aged over 45 years were between 13.7 to 18.6 per-
centage points more likely to be adherent than younger patients. Women 
had a 5.5 percentage-point lower probability of being adherent than men. 
Patients using self-injectable DMTs with injection site reactions as the most 
likely side effect were 9.1 percentage points less likely to be adherent than 
patients using oral, infusible, and other self-injectable DMTs. Patients with 
depression had a 5.5 percentage-point lower probability of being adher-
ent. These results were robust to changes in controls for type of plan and 
neighborhood socioeconomic characteristics. 

CONCLUSIONS: This study found statistically significant differences in 
adherence to DMTs by age, sex, type of DMT, and a depression diagnosis. 
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RESEARCH

Multiple sclerosis (MS) is a chronic autoimmune dis-
ease affecting the central nervous system. The disease 
targets the myelin sheaths around nerves, leading to 

inflammation, myelin loss, and axonal destruction. MS is the 
most common cause of neurologic disability in people aged 
between 20 and 50 years.1 There are approximately 400,000 
cases of MS in the United States and approximately 2.5 mil-
lion worldwide.1,2 Unfortunately, the overall incidence of MS 
is increasing, with 200 individuals diagnosed in the United 
States each week.3

The course of MS can look different for every patient. The 
signs and symptoms experienced by each patient vary widely 
and may include visual problems, fatigue, paresthesia, bladder/
bowel/sexual dysfunction, gait problems, spasticity, dizziness, 
vertigo, pain, depression, and cognitive dysfunction. Some less 
common symptoms of MS include headache, hearing loss, itch-
ing, seizures, speech/swallowing difficulties, tremor, and loss 
of coordination.4 The medications used to treat the signs and 
symptoms of the disease do not produce a cure but can sub-
stantially improve symptoms, decrease disability progression, 
and improve quality of life.

There are 4 classifications of MS: relapsing-remitting mul-
tiple sclerosis (RRMS), primary progressive multiple sclerosis, 
secondary progressive multiple sclerosis (SPMS), and progres-
sive relapsing multiple sclerosis. Disease-modifying therapies 
(DMTs) have been developed over the past 20 years and help 
to reduce the number and severity of relapses in patients with 
relapsing forms of MS but are ineffective in progressive forms 
of MS. However, these medications must be taken indefinitely 
and are not a cure for the disease, since patients can still experi-
ence relapses while using DMTs. The first injectable DMT came 
onto the market in 1993.5 The 13 current DMTs that are on the 
market include injectable immune modulators such as glat-
iramer acetate (Copaxone); interferon beta-1a (Avonex, Refib);  

• Multiple sclerosis (MS) is a degenerative neurological condition 
that affects approximately 400,000 patients in the United States, 
with no cure at this time.

• Disease-modifying therapies (DMTs) help reduce the severity of 
MS symptoms and slow disability progression. 

• Treatment adherence is key to the effectiveness of DMTs. Factors 
found to affect adherence to DMTs include cognitive functioning, 
convenience of use, side-effect profile, provider/caregiver sup-
port, and self-efficacy.

What is already known about this subject

• With data from a health plan that include privately and publicly 
insured patients, this retrospective study compared adherence to 
all available DMTs used to treat MS.

• Not all self-injectable MS drugs are the same: the probability of 
being adherent to self-injectables with injection site reactions as 
the most likely side effect is 9.1 percentage points lower than self-
injectables with other side-effect profiles. 

• Patients with depression were less likely to be adherent. 

What this study adds
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to adherence issues, including cognitive problems,18,19 fear of 
medication administration and inconvenience of use,12,16 lack 
of self-efficacy,12,20 misinformation and not understanding 
the disease,19 inappropriate treatment perceptions or expec-
tations,12 provider/caregiver support,21,22 side effects,13,16-18,22 
insurance issues,23 increasing copays,23,24 and level of dis-
ability and comorbid conditions associated with MS.20,22,25-27 
Comorbid conditions, such as depression, recurring urinary 
tract infections, and hypertension, are more prevalent among 
the MS population than the general public.28 

Other studies compare adherence by type of DMT. There 
is no consensus on which DMT has higher adherence: some 
studies show that patients using interferon beta-1a are more 
adherent16,29; others show that patients using fingolimod are 
more adherent30,31; and still others show a lower medication 
possession ratio (MPR) in patients using glatiramer acetate.32 
However, these studies do not compare the whole array of 
available DMTs. The purpose of this study was to compare 
adherence among all available DMTs for MS at the time of the 
study. The results of this study showcase several associations 
between individual characteristics of patients and adherence to 
the various types of DMTs.

■■  Methods
Data
This retrospective study used 2011-2013 enrollment, medical 
claims, and pharmaceutical claims data from an upper Midwest 
health plan in the United States. Enrollment included com-
mercial plans, individual and family health plans, managed 
Medicaid and Medicare plans, and dual Medicaid/Medicare 
(dual eligibility) plans. From the individuals enrolled in the 
health plans in 2011-2013, we selected MS patients for the 
study if they were aged 18 years or older, had any medical claim 
with an International Classification of Diseases, Ninth Revision, 
Clinical Modification code for MS (340 or 340.0), and had a 
prescription filled for an MS DMT in any year of data. Once 
patients were identified, information was collected on enroll-
ment and medical and pharmaceutical claims for 2011-2013.  
From an initial population of 1,636,407 patients, 3,688 had an 
MS diagnosis code in their claims data, 1,231 of whom received 
any DMT. Measures of health risk and depression were lagged 
by 1 year to minimize statistical feedback between adherence 
and health status; 459 patients in the sample did not have any 
previous information; 48 patients had less than 6 months of 
enrollment on a given year; and 26 patients switched DMTs. 
The exclusion of patients who switched DMTs may have biased 
these results, but the small number of those patients suggested 
that this bias would be minimal. Figure 1 shows the sample 
selection process. 

The informatics team merged in neighborhood charac-
teristics from the 2011 5-year American Community Survey 
using patient address at the block group and census tract level. 

interferon beta-1b SQ and interferon beta-1b IM (Betaseron, 
Extavia); and the immune suppressants mitoxantrone 
(Novantrone) and natalizumab (Tysabri), which are administered 
as infusions. Since 2011, the first oral agents have been approved 
to treat RRMS—fingolimod (Gilenya), teriflunomide (Aubagio), 
and dimethyl fumarate (Tecfidera). Additionally, peginterferon 
beta-1a (Plegridy), generic Copaxone (Glatopa), and the infus-
ible agent alemtuzumab (Lemtrada) have recently entered the 
market. The long-term safety profile of many of these newer oral 
agents is unknown because of the short time they have been on 
the market. These DMTs act to reduce the number and severity 
of relapses, reduce the disease activity seen with magnetic reso-
nance imaging (MRI), and may reduce accumulation of disability 
in patients with RRMS.6,7 Irreversible changes occur early in the 
course of MS; therefore, early detection and treatment is impor-
tant. Because disease activity can occur “silently,” periodic MRI 
monitoring should be considered, even in patients with minimal 
progression of observable symptoms. 

An individualized approach to treatment and a shared deci-
sion-making process between providers and patients are neces-
sary for patients to reach their own health goals.8,9 Some factors 
to be considered when making a treatment decision include 
comparative efficacy, safety, route of administration, side-effect 
profile, tolerability, dosing frequency, patient lifestyle factors, 
and payer formulary status.10 Literature on adherence to DMTs 
shows varying levels of nonadherence rates, depending on 
type of drug and mode of application.11-13 Because of the com-
plex and dynamic issues that the MS patient population faces, 
additional support from health care professionals is warranted. 

The World Health Organization defines adherence as “the 
extent to which a person’s behavior—taking medication, fol-
lowing a diet, and/or executing lifestyle changes—corresponds 
with agreed recommendations from a health care provider.”14 

Nonadherence includes “failing to fill prescriptions, delaying 
prescription fills, reducing the strength of the dose taken, and 
reducing the frequency of administration. It can also include 
the failure to keep appointments or to follow recommended 
lifestyle or dietary changes.”14 

Adherence to DMTs is a multifactorial problem within the 
MS population. According to a longitudinal, prospective study 
of 97 patients with definite MS who were taking a DMT, 73% 
missed at least 1 dose; 10% missed more than 10 doses in 
a 6-month period; and 25% stopped the DMT altogether.15 
Typical dosing regimens for DMTs vary and can include daily, 
3 times per week, weekly, and monthly. Patients with a his-
tory of missed doses are more likely to miss future doses.15 
Nonadherence is shown to lead to more frequent relapses and 
decompensating health, which increase overall health care 
resource consumption.16,17 There are numerous and diver-
gent factors influencing missed doses and discontinuation of 
DMT,15 which indicates the need for a multifaceted approach 
to improving adherence. There are many barriers contributing 
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Neighborhood characteristics capture the socioeconomic envi-
ronment in which patients functioned. The final sample con-
tained patients aged 18 years or older, with a diagnosis of MS, 
who receive any DMT without switching therapies, who were 
enrolled in the health plan for at least 6 months, and who had 
health risk information for the year previous to the adherence 
measurement. The final, full-information sample consisted of 
1,045 observations from 698 patients during 2012-2013. All 
data handling procedures followed the protocol submitted to 
the research team’s external institutional review board, which 
determined that this study was exempt from review. 

To assess each patient’s health status, the resource utiliza-
tion band was used in the Johns Hopkins Adjusted Clinical 
Groups (ACG) system. The ACG system categorizes patients 
into 6 levels of prior-year health risk (“no usage,” “healthy 
user,” “low risk,” “medium risk,” “high risk,” or “very high 
risk”) according to health care use during the year. Because 
the sample for this study was disproportionally biased towards 
high-risk patients, patients were categorized into either “no 
usage through medium risk,” or “high risk/very high risk” 
in the previous year. Additionally, the ACG system identi-
fies patients with chronic conditions, and following previous  

studies,33,34 prior-year depression was included as a factor con-
tributing to adherence. We calculated the measures from the 
ACG system using health care use of 2011-2012 but included in 
the analysis measures lagged 1 year. By restricting the sample 
to years in which individuals had exposure of 6 months or 
more, we made sure the health use patterns in the ACG system 
measures had enough information to be reliable. 

Patients with comorbidities or other chronic conditions 
may seek more care from primary care than from specialists, 
but specialists may be more fit to manage patients with MS. 
In order to analyze these possible effects of different styles of 
disease management or differences in management of comor-
bidities and other chronic conditions, a variable was included 
that indicated whether more of a patient’s evaluation and man-
agement (E&M) visits were from a primary care physician than 
from a neurologist.

Measures and Factors of Adherence
We identified 8 different DMTs and categorized them into 4 
groups according to their routes of administration and most 
common side effects. Table 1 summarizes the characteristics 
of these DMTs. The pharmacy claims included all claims for 
injectable and orals, under the corresponding National Drug 

Population enrolled in health plan
(2011-2013)

N = 1,636,407

FIGURE 1 Sample Selection

Population with claims
n = 1,254,210

(23.4% without claims)

Patients that satisfy MS criteria
n = 3,688

(99.7% did not satisfy MS criteria)

Patients after research opt-outa and data cleansing
n = 3,408

(7.6% in research opt-out)

Patients with any DMT
n = 1,231

(63.9% had no current DMT)

Patients with 1 DMT
n = 1,205

(2.1% had switched DMT)

Patients with full information, 
including previous year information

n = 746
(38.1% had incomplete information)

Patients with ≥ 6 months of enrollment in all years
n = 698

(6.4% had < 6 months of enrollment)

aThe vast majority of opt-out of research decisions are made at the employer level, not at the individual patient level.
DMT = disease-modifying therapy; MS = multiple sclerosis.
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Code numbers. Medical claims included infusible DMTs 
and other injectable DMTs identified with J- and Q- Current 
Procedural Terminology codes, since they are usually adminis-
tered in a clinic/facility setting. 

Adherence was the outcome of interest, which was measured 
using individual MPRs for each year that patients were present 
in the data. Patients were observed every year that they were 
enrolled in the health plan for 6 months or more and satisfied 
the eligibility criteria previously described. We had a “preva-
lent user” design, in which 337 patients (48.3% of the sample) 
had a prescription to any DMT at the beginning of the study 
time frame, and the remaining 361 initiated a DMT during the 
study time frame. This design biased upwards the adherence 
rates, since the sample was selected by not observing those 
patients who may have already stopped taking DMTs.35

The denominator of the MPR was the number of days in 
the year after the prescription was initiated, adjusted for loss 
of coverage if the patient did not have continuous health plan 
coverage through the end of the year. Since interferon DMTs 
were supplied in 28-days intervals, we adjusted the number of 
days in a year to 28 × 12 = 336 (alternative methods to adjust the 
number of days for interferon DMTs yield very similar MPRs 
and adherence rates). The numerator was the number of days 
supplied of the medication. The number of days supplied was 
determined by the amount of the medication dispensed in com-
bination with the dosage frequency. If the days supplied on a fill 
date exceeded the number of days left in the calendar year, the 
excess days were carried over to the following year. Therefore, 
the MPRs could not be lower than zero or higher than 1. Since it 
is standard in the literature,36 a patient was defined as adherent 
to a medication if the MPR was 0.8 or above. 

Statistical Analysis
Multivariate probit models were estimated to identify factors 
associated with DMT adherence, in particular the difference 
in adherence among the different DMT types. Because the 

data included repeated observations of patients over time, we 
allowed for patient-specific random effects and clustered stan-
dard errors at the patient level.37 Clustered standard errors cor-
rect for the within-group correlation of repeated observations 
per patient. The dependent variable was a binary indicator of 
adherence (MPR > 0.8). The benchmark model included age, 
sex, DMT type, type of health plan, prior-year health risk, a 
measure of whether the majority of the E&M visits were with 
a primary care physician or a neurologist, and the prior-year 
depression indicator as independent variables. To avoid any 
feedback effect of higher adherence into a lower health risk 
(because of better treatment efficacy17) or a higher chance of 
depression (as a side effect of the DMT), health risk and depres-
sion were lagged 1 year in the model (e.g., to explain the 2013 
adherence measure of a patient, the model included health-risk 
and depression measures from 2012 and the remaining infor-
mation measured in 2013). 

Logistic regression models are often used to analyze binary 
outcomes, such as adherence. The estimated coefficients of a 
logistic regression show the direction and statistical signifi-
cance of the correlation between the dependent variable and 
the independent variables but provide no intuitive interpreta-
tion of the magnitude of the correlation. Because of this, the 
estimated coefficients of a logistic regression are often trans-
formed into odds ratios. However, odds ratios are difficult 
to understand and easily misinterpreted as a change in the 
likelihood of the outcome.38 Probit regression models are an 
alternative to logistic models, but estimated coefficients in pro-
bit models also do not provide intuition about the magnitude 
of the correlation. We used a probit model and also used the 
estimated coefficients to compute marginal effects, which are 
percentage-point changes in the estimated probability of the 
binary outcome associated with a change in each independent 
variable. Marginal effects are easier to understand, providing 
an intuitive measure of how adherence is associated with the 
independent variables. 

Category Trade Name Generic Name National Drug Code Numbers
Current Procedural 
Terminology Codes

Self-injectable,  
flu-like side effects

Avonex Interferon beta-1a 59627-0002-05, 59627-0002-07, 59627-0003-04,  
59627-0001-03, 59627-0001-04

J1826, Q3025, Q3026

Rebif Interferon beta-1a 44087-0022-03, 44087-0044-03, 44087-8822-01,  
44087-3322-01, 44087-3344-01, 44087-0188-01

J1826, J1830, Q3025, Q3026

Betaseron Interferon beta-1b 50419-0523-09, 50419-0523-35, 50419-0524-35 J1830
Self-injectable,  
skin side effects

Copaxone Glatiramer acetate 68546-0317-30 J1595

Orals Gilenya Fingolimod 00078-0607-51 Not available
Aubagio Teriflunomide 58468-0210-02, 58468-0211-01 Not available
Tecfidera Dimethyl fumarate 64406-0005-01, 64406-0007-03, 64406-0006-02 Not available

Infusions Tysabri Natalizumab 59075-0730-15, 64406-0008-01 J2323
aThere were only 10 disease-modifying treatments on the market at the beginning of this study. Very few claims were identified for Extavia, and none were identified for 
Novantrone.

TABLE 1 Disease-Modifying Treatments Included in Studya



1398 Journal of Managed Care & Specialty Pharmacy JMCP December 2016 Vol. 22, No. 12 www.jmcp.org

Adherence to Disease-Modifying Therapies for Multiple Sclerosis

In addition to the benchmark model for this study, 3 addi-
tional models were estimated as robustness tests of the main 
results. Not all types of DMTs were available during the 3 years 
of data. The oral DMTs teriflunomide and dimethyl fumarate 
were approved by the U.S. Food and Drug Administration as 
DMTs indicated for MS in September 2012 and March 2013, 
respectively.39,40 Because of the recency of their approval, oral 
DMTs were present in our data in low frequencies, primarily 
in 2013, and their impact on adherence was imprecisely mea-
sured. Therefore, our first robustness check evaluated how the 
results change when patients taking oral DMTs were excluded 
from the comparison. 

Socioeconomic characteristics may drive adherence results 
and choice of DMTs, confounding the difference in adher-
ence among DMTs. For instance, patients with more difficult 
access to medical facilities could be more likely to choose oral 
DMTs over infusible products and simultaneously have lower 
adherence. Our second and third robustness checks excluded 
patients in Medicaid and Medicare/Medicaid managed plans 
and added neighborhood socioeconomic characteristics as 
independent variables. 

■■  Results
Table 2 shows the descriptive statistics of the MPRs, the adher-
ence measure, and other patient and neighborhood character-
istics used in the statistical analysis. Compared with Halpern 
et al. (2009),29 who followed a “new user” research design, the 
MPR and the percentage of adherent patients in this study were 
0.05 points and 29.3 percentage points higher, respectively. 
However, Halpern et al. only included commercially insured 
patients and did not include oral and infusible DMTs. 

Table 3 displays the estimated marginal effects, with their  
P values and 95% confidence intervals noted. The estimates 
show the change in the probability of being adherent associated 
with the independent variable. For example, the marginal effect 
equal to 0.077 in the age range of 35-44 years indicates that 
a patient in this age range had a 7.7 percentage-point higher 
estimated probability of adherence, compared with a similar 
patient in the reference age range of 18-34 years. Compared 
with patients aged 18-34 years, patients aged 45 years or older 
had a 13.7 (aged 45-54 years) to 18.6 (aged 65 years or older) 
percentage-point higher probability of being adherent. Women 
had an estimated probability of being adherent that was 5.5 
percentage-points lower compared with men. When compar-
ing DMT types, patients who took self-injectable DMTs and 
whose most common side effect was injection site reactions 
were 9.1 percentage points less likely to be adherent than those 
in the reference group (those who took self-injectable DMTs 
and whose most common side effect was flu-like symptoms). 
In robustness checks (available from the corresponding author), 
the DMTs with injection site reactions were separated into the 
individual DMTs, with consistent results. Patients with oral or 
infusible DMTs were as likely to be adherent as the reference 
group. We found that patients with a depression diagnosis in a 
previous year were 5.5 percentage points less likely to be adher-
ent to their DMTs in the current year (a marginally significant 
result). When patients with oral DMTs were excluded from 
the analysis (Table 4) because these DMTs were not available 
during the entire observation period, this difference in the  
probability of being adherent increased to 6.6 percentage points 
and became statistically significant. There were no statistically 
significant differences in current year adherence among health 
plans, between high and low health risk in the previous year, 
or having more E&M visits in primary care. Other robustness 

 Observations Mean SD

MPR 1,045 0.7799 0.415
Adherence (MPR ≥ 0.8) 1,045 0.8718 0.224

Observations Percentage
Number of 

Patients

Age category, years
18-34 1,045 12.2 127
35-44 1,045 20.4 213
45-54 1,045 29.1 304
55-64 1,045 29.4 307
65+ 1,045 9.0 94

Female 1,045 74.9 783
DMT type

Injectable, flu side effects 1,045 42.7 446
Injectable, skin side effects 1,045 44.5 465
Orals 1,045 4.1 43
Infusions 1,045 8.7 91

Health plan
Commercial 1,045 73.4 767
Medicaid only 1,045 8.9 93
Medicare/Medicaid 1,045 1.1 12
Medicare only 1,045 16.6 173

Health status, previous year
No use/healthy/low/ 
medium risk

1,045 57.8 604

High/very high risk 1,045 42.2 441
E&M: primary care > neurologist 1,045 74.7 781
Depression, previous year 1,045 52.6 550
Neighborhood: % of  
non-Hispanic whitesa

977 86.8 848

Neighborhood education levela

More than high school 977 65.7 641
High school 977 26.6 260
Less than high school 977 7.7 76

Neighborhood: % below FPLa 977 9.4 92
Rural 1,045 16.1 168
aGeographical information was not complete for all patients.
DMT = disease-modifying therapy; E&M = evaluation and management; FPL = fed-
eral poverty level; MPR = medication possession ratio; SD = standard deviation. 

TABLE 2 Descriptive Statistics, 2012-2013
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was injection site reactions were less adherent than those who 
took any other type of DMT, including other self-injectables. 
These differences in adherence among different types of DMTs 
remained during our robustness testing.

Depression is a common side effect of MS DMTs,1 is a com-
mon comorbid condition, and is a factor for nonadherence.22,41 
In the baseline model, patients with a diagnosis of depression 
in the previous year had marginally significant lower adher-
ence rates in the current year than those without the diagnosis. 
In the models that excluded patients on oral DMTs, patients 
with a diagnosis of depression had statistically significant 
lower adherence rates. 

No differences in adherence were found by having more 
E&M visits in primary care than in neurology. This sample 
comes from an area with increased MS prevalence because of 
a large population of Scandinavian heritage,2 so it is likely that 
the primary care physicians in the sample area had a greater 
experience with MS guidelines and standards of care when 
compared with primary care physicians from other parts of 
the country. In the same fashion, the relatively high quality of 
care in the region and accessibility to care may explain why 

tests (excluding patients in Medicaid and Medicare/Medicaid 
managed plans or adding neighborhood socioeconomic char-
acteristics as independent variables, both available from the 
corresponding author) showed no meaningful changes in the 
magnitude or statistical significance of these associations. 

■■  Discussion
This study finds several associations between individual char-
acteristics of MS patients and adherence to DMTs. In general, 
patients aged 45 years or older were more likely to be adher-
ent than younger patients. Women were less likely than men 
to be adherent; other studies have mixed evidence about the 
differences in adherence between men and women.16,29 Since 
MS is more prevalent in women,1 it is important to address 
patient-centered mechanisms that can be used by health care 
practitioners to aid in increasing adherence to DMTs in women.

Other studies have addressed the injection modality as a 
factor for nonadherence.12,22,29 Our results show that the side- 
effect profile of the medication also matters. Those who took 
a self-injectable medication whose most common side effect 

 

MPR > 0.8

ΔPr (MPR > 0.8) P Value 95% CI

Age category, years
18-34 Reference
35-44 0.077 0.289 (-0.065-0.219)
45-54 0.137 0.047 (0.002-0.272)
55-64 0.161 0.020 (0.026- 0.296)
65+ 0.186 0.014 (0.037-0.335)

Female -0.055 0.050 (-0.109-0.000)
DMT type

Injectable, flu side effects Reference
Injectable, skin side effects -0.091 0.005 (-0.155 to -0.028)
Orals -0.016 0.769 (-0.120-0.089)
Infusions -0.016 0.706 (-0.098-0.067)

Health plan
Commercial Reference
Medicaid only -0.080 0.206 (-0.205-0.044)
Medicare/Medicaid -0.290 0.337 (-0.883-0.302)
Medicare only -0.099 0.132 (-0.227-0.030)

Health status, previous year
No/healthy/low/medium risk Reference
High/very high risk 0.002 0.946 (-0.050-0.053)

E&M: primary care >  
neurologist 

-0.016 0.582 (-0.072-0.040)

Depression, previous year -0.056 0.063 (-0.114-0.003)
Observations 1,045
Number of patients 698   

ΔPr = change in the probability with respect to the reference category;  CI = confi-
dence interval; DMT = disease-modifying therapy; E&M = evaluation and manage-
ment; MPR = medication possession ratio. 

TABLE 3 Random Effect Probit Model Estimation: 
Baseline Model

 

MPR > 0.8

ΔPr (MPR > 0.8) P Value 95% CI

Age category, years
18-34 Reference
35-44 0.100 0.200 (-0.053-0.253)
45-54 0.147 0.049 (0.001-0.294)
55-64 0.169 0.024 (0.022-0.316)
65+ 0.195 0.016 (0.037-0.353)

Female -0.051 0.063 (-0.104-0.003)
DMT type

Injectable, flu side effects Reference
Injectable, skin side effects -0.087 0.006 (-0.150 to -0.025)
Infusions -0.016 0.693 (-0.094-0.063)

Health plan
Commercial Reference
Medicaid only -0.060 0.324 (-0.179-0.059)
Medicare/Medicaid -0.297 0.351 (-0.921-0.327)
Medicare only -0.100 0.134 (-0.232-0.031)

Health status, previous year
No/healthy/low/medium risk Reference
High/very high risk 0.011 0.666 (-0.039-0.062)

E&M: primary care > 
neurologist 

-0.023 0.399 (-0.077-0.031)

Depression, previous year -0.067 0.029 (-0.126 to -0.007)
Observations 1,002
Number of patients 667

ΔPr = change in the probability with respect to the reference category;  CI = confi-
dence interval; DMT = disease-modifying therapy; E&M = evaluation and manage-
ment; MPR = medication possession ratio.

TABLE 4 Random Effect Probit Model Estimation: 
No Oral DMTs
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neighborhood or socioeconomic characteristics (i.e., being 
enrolled in a Medicaid or dual eligible health plan) had no 
association with adherence. 

Limitations
This study has several limitations. First, MPRs measure pat-
terns of medication refills, not actual medication use.42 Studies 
that use electronic medication monitors have less measurement 
error than those that use claims data to measure adherence.42 

Moreover, pharmaceutical claims data on injectable medication 
is less reliable than for oral medication.43 However, most of the 
literature on adherence in MS patients uses administrative data. 

Second, while this study is notable for using a broad mix 
of health insurance coverages, it does not use nationally rep-
resentative data or multiple payer claims data. The setting of 
this study included a large population with Scandinavian heri-
tage, which is linked to a higher incidence of MS.2 Therefore, 
patients in this study may face a health care system with 
more experience with MS patients than the national average. 
Additionally, there is a sole specialty pharmacy vendor in the 
health plan. That vendor monitors patients’ MPRs and has per-
formance guarantees around MPRs for MS patients on a DMT. 
These reasons, in addition to the “prevalent user” design, could 
explain the relatively high MPRs and rates of adherence. The 
trend toward increased use of specialty pharmacy management 
should increase the generalizability of our results over time. 

Third, this study does not include several individual factors 
that the literature has shown to affect adherence such as plan 
design and cost-sharing information,23 self-efficacy,12,22 treat-
ment expectations,44 lack of knowledge about MS,19,45 and cog-
nitive deficits.19 However, the use of patient-specific random 
effects should adjust for these unobserved and excluded patient 
characteristics if these characteristics do not vary over time. 

■■  Conclusions
This study found statistically significant differences in adherence 
to DMTs by age, sex, type of DMT, and a comorbid diagnosis 
of depression. Older patients and men were more likely to be 
adherent. Patients with a diagnosis of depression had lower 
adherence to DMTs—our methods suggest that this difference 
is not a result of depression being a side effect of MS treatments. 
Compared with other self-injectable, oral, and infusible DMTs, 
self-injectable DMTs—the most common side effect of which is 
injection-site reactions—have lower adherence than any other 
DMTs. Improving adherence levels requires addressing side-
effect profiles of medications, shared decision making between 
patient and provider, and improving the comorbid mental health 
conditions of MS patients, which could lead to high self-efficacy 
and, therefore, better adherence to medication regimens. 
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