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■ Abstract  Background The com-
plexity and cost of injection treat-
ment can represent a formidable 

challenge for patients affected by a 
chronic illness, particularly those 
whose treatment is primarily pre-
ventative and only modestly effec-
tive on the more conspicuous 
symptomatic aspects of the disease 
process. The aim of this investiga-
tion was to identify which factors 
most influenced nonadherent be-
havior with the available disease-
modifying injection therapies for 
multiple sclerosis (MS). Methods A 
multicenter, observational (three-
wave) study using surveys was 
 developed and administered to 
 patients with MS through the 
World Wide Web. Healthcare pro-
viders at 17 neurology clinics 
 recruited patients for the study. 
 Results A total of 798 patients re-
sponded to the baseline wave of the 
study (708 responded to all three 
waves). The nonadherence rates for 
all patients (missing one or more 
injections) across these waves re-
mained relatively stable at 39 %, 
37 %, and 36 %, respectively. The 
most common reason participants 
listed for missing injections was 
that they simply forgot to adminis-
ter the medication (58 %). Other 
factors including injection-site 
 reactions, quality of life, patients’ 
perceptions on the injectable medi-
cations, hope, depression, and sup-
port were also assessed in relation 
to adherence. Conclusions This 
study characterizes factors that are 
associated with failure to fully ad-
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Defining adherence

Maintaining adherence to DMT can be a formidable 
challenge to those who manage and coordinate care for 
the MS patient. Treatment benefits derived from these 
agents are not realized immediately and injectable ther-
apy (along with their associated side effects) may be pre-
scribed when the patient feels well, as in other chronic 
illness such as diabetes and hypertension [4]. Neverthe-
less, optimizing the benefits to be achieved from therapy 
is at least in part contingent upon the ability of patients 
to correctly and persistently use these medications. 

Adherence has been defined by the World Health 
 Organization adherence project for long-term therapy 
as “the extent to which a person’s behavior – taking 
 medication, following a diet, and/or executing lifestyle 
changes – corresponds with agreed recommendations 
from a healthcare provider” [19]. While adherence rates 
for patients with MS treated with interferon and glati-
ramer acetate has been high when assessed in the con-
text of controlled drug trials [10, 13], there has been little 
systematic longitudinal data to corroborate that com-
mensurate adherence rates are achieved in the context of 
general clinical practice. In addition, there have been no 
published attempts to assess how much the long-term 
effectiveness of these DMTs is altered by omitted doses 
of medication.

Understanding why patients do not take their medi-
cations is a necessary first step to improve adherence in 
patients with a chronic illness. The issue of adherence in 
medicine was recently considered in the New England 
Journal of Medicine, in which Osterberg and Blaschke 
emphasized that adherence rates in chronic illness are 
often lower than those observed in acute illnesses [17]. 
Adherence has been studied across many chronic ill-
nesses, such as HIV infection, hypertension, diabetes, 
epilepsy, asthma, and psychiatric illnesses. The World 
Health Organization indicates an average rate of only 
50 % adherence among patients who have chronic dis-
eases in developed countries [19]. With respect to MS, 
there has been little prospective data to characterize the 
factors that influence adherence to DMTs. It does appear 
that a higher adherence rate is observed when the pa-
tient perceives that the treating physician strongly sup-
ports the use of the prescribed medication. Other factors 
that appeared to be important were the patient’s sense of 
control over the disease by using treatment, higher levels 
of hope, and no previous use of other DMTs [7]. Depres-
sion and anxiety have also been found to affect adher-
ence with disease-modifying MS therapy [15, 16]. Ulti-

mately, as underscored by former Surgeon General of 
the United States, C. Everett Koop, “Drugs don’t work in 
patients who don’t take them” [17]. 

Methods

■ Study design and objective

A multicenter observational study using on-line questionnaires was 
developed and administered to patients with MS via the World Wide 
Web. The primary objective was to identify specific factors that influ-
enced adherent and nonadherent drug-taking behavior in patients 
with MS. Healthcare providers at 17 neurology clinics recruited pa-
tients for the study. Seven of the sites were large academic centers, 
specializing in the diagnosis and management of MS. Ten sites were 
community-based neurology clinics where the site investigator had a 
specific interest in MS. 
 The survey instruments included demographic information, the 
validated Multiple Sclerosis Quality of Life-54 (MSQOL-54) Question-
naire [22], the Beck Depression Inventory (BDI)-FastScreen for Med-
ical Patients [1, 2], the Herth Hope Index (HHI) [12], and a patient 
self-reported adherence survey concerning injection behavior over 
the previous 4 weeks. The MSQOL-54 consists of 54 questions that 
incorporates a generic health status questionnaire (Short Form-36) 
and additional questions that are pertinent to people with MS. The 
BDI FastScreen for Medical Patients consists of seven questions ex-
tracted from the BDI-II to measure the severity of depression. The 
HHI is a 12-item validated measure that helps examine levels of 
hope. 
 Neurologists and medical staff personnel identified eligible pa-
tients for participation consecutively as they came in for their regu-
larly scheduled clinic appointments. Participants were provided an 
information letter which directed them to the study Web site for more 
information on enrollment and the conduct of the study. A Web-based 
study was assembled to allow ascertainment of information (patients 
were prompted to finish each question before moving on) and to 
eliminate the confounding influence of a patient’s interaction with the 
medical staff. The confidential nature of the study instruments al-
lowed patients to confidently answer questions without any chance of 
being identified. 
 Participants completed the survey items during three consecutive 
assessment periods via the Internet at baseline, Month 1, and Month 
2. To ensure the most complete multiwave ascertainment, patients 
were prompted by e-mail when it was time for them to complete the 
next survey. The surveys took approximately 30 to 45 minutes to com-
plete. Participants were paid $25 for the first completed survey and 
$50 if the following two surveys were completed. The study was ap-
proved by the University of Texas Southwestern Medical Center’s in-
vestigational review board (IRB), by each institution’s IRB, and by the 
Western IRB for those sites without an IRB. The study Web site was 
maintained by an independent outside research organization, TNS 
Healthcare. TNS collected the study data sets and then transferred 
them to our biostatistician for analysis. 

■ Patient inclusion criteria

Participants were eligible for the study if they had a relapsing form 
of MS; were age 18 years or older; had maintained therapy with one 
of the four FDA-approved injectable disease-modifying agents 

here with disease modifying injec-
tion therapy for MS and under-
scores the principles associated 

with optimizing adherence and its 
implications for effective treatment 
of the disease process in MS.

■ Key words  compliance · adher-
ence · multiple sclerosis · disease · 
modifying therapy · injections
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(glatiramer acetate [Copaxone®, Teva Neuroscience], interferon 
β-1b [Betaseron®, Bayer], intramuscular [IM] interferon β-1a 
[Avonex®, Biogen Idec], or subcutaneous [SC] interferon β-1a [Re-
bif®, EMD Serono]) for at least 6 months; and had access to the In-
ternet. Full completion of each online survey battery was ensured, 
given that the assessment session could not be terminated until all 
questions were answered. 

■ Statistical analysis

The number of respondents necessary for inclusion (power analysis) 
was derived using a type 1 error of 5 % for the hypothesis-testing 
situation. Adherence is an important factor that is measured in clini-
cal trials. However, there are subjective cutoff levels that are used to 
establish adequate versus inadequate levels of adherence for any indi-
vidual trial (the range of which can vary from 80 % to greater than 
95 %) [17]. While there are no data available to determine the impact 
of a specific number of missed injections on disease course – espe-
cially among drugs with different injection regimens – our design was 
developed to understand, from the patient’s perspective, why injec-
tions were omitted and whether missing doses (any dose) was a pre-
dictor of future nonadherent behavior. 
 Data were univariately examined with a focus on patient factors 
such as demographics; adherence with current DMTs; and patient 
experience, support, and perceptions of the treatment, including side 
effects, benefits and effectiveness, quality of life, depression, and hope. 
All analyses were conducted using two-sided tests with an α level of 
0.05; no adjustment was made for multiple comparisons and are re-
ported herein with this caveat. Dichotomous and categorical data 
were analyzed using a chi-square test, and continuous data were ana-
lyzed using an analysis of variance (ANOVA) controlling for treat-
ment where appropriate.

Results

A total of 798 patients responded on the website to the 
baseline study, and 708 (89 %) of those completed the 
subsequent two waves of the survey (three separate pe-
riods of ascertainment were conducted). Each DMT 
group had the following number of respondents in the 
baseline wave: IM interferon β-1a, n = 223 (28 %); inter-
feron β-1b, n = 203 (25 %); glatiramer acetate, n = 223 
(28 %); and SC interferon β-1a, n = 149 (19 %). 

■ Patient characteristics

Table 1 outlines the patient characteristics from the 
baseline survey. The majority of respondents were fe-
male (77 %), consistent with the known gender preva-
lence of MS. The average age of respondents was 43. Over 
half of patients were employed and 65 % had some col-
lege courses or graduated from college. Most of the par-
ticipants were recruited from academic sites (66 %), and 
the remaining 34 % from the community. No significant 
differences were seen in adherence rates between the 
larger and smaller sites. Over 90 % of the participant 
population was Caucasian and over 70 % married. 

The age at diagnosis of MS had an impact on adher-
ence rates, with patients who were older at disease onset 

having better adherence (ANOVA p value = 0.0002 be-
tween adherent and nonadherent groups). The duration 
of disease was significantly different between adherent 
and nonadherent patients. Specifically, higher adher-
ence rates were observed for patients with MS with a 
disease duration of less than 3 years (p = 0.0185), whereas 
the length of time on therapy (any therapy) did not pre-
dict higher or lower adherence rates. While participants 
were assessed as using their current therapy for a mini-
mum of 6 months, the majority of our respondents had 
been on their current treatment for over 2 years (63 %). 
Compared to patients with MS who had previously used 
other injection therapy, participants administering their 
first treatment were more likely to be fully adherent 
(p = 0.0013). 

■ Adherence rates and drug-specific adherence rates

During the three waves of the study, the nonadherence 
rates (defined as missing any injection within the last 4 
weeks) for all patients on all treatments remained rela-
tively stable at 39 %, 37 %, and 36 %, respectively. There 
is no consensus for each individual medication regard-
ing what constitutes adequate adherence. When reading 
this report it is important to remember that the different 
DMA’s involve different regimens and will not carry the 
same implications when injections are missed. Individu-
ally, the data showed non-adherence rates (defined as 
missing any of the prescribed doses) for Interferon- β 1a 
IM to be 21 %, Interferon β 1a SC to be 32 %, Glatiramer 
acetate 51 % and Interferon β1-b 51 %. There were few 
patients, irrespective of treatment group, who missed 
more than four injections for any wave of ascertainment. 
The percent of missed injections was correlated across 
the three waves (r = 0.51 for baseline to Wave 2, p < 0.0001; 
r = 0.46 for Wave 2 to Wave 3, p < 0.0001), with 85 % of 
those compliant (i. e., taking their medication correctly) 
at baseline remaining compliant at Wave 2. Of those 
noncompliant at baseline, 28 % reported compliance at 
Wave 2. Similarly, of those compliant at Wave 2, 85 % re-
ported compliance in Wave 3, and of those noncompli-
ant at Wave 2, 27 % reported being compliant at Wave 3. 
Overall, 48 % of those assessed in all three waves were 
compliant on all three surveys, and 22 % were noncom-
pliant on all three surveys, suggesting a consistency in 
responses.

Since we are primarily reporting a cross sectional 
baseline survey we have limited information on the dif-
ferences by which patients were selected for various 
therapies. What we do know is whether there are sig-
nificant differences in exposure to prior drugs that might 
impact upon adherence with the current therapy. That 
is, are poorer compliers selectively moving from one 
drug to another in a consistent pattern. Random switch-
ing of a particular behavior type would make the groups 
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seem more similar. For instance, we do know that cur-
rent Avonex, Betaseron, Copaxone and Rebif users re-
sponded that they had previously utilized a different 
disease modifying therapy in the past, at rates of 5.3 % 
29.1 %, 44.4 % , 53.0 %, respectively. While the basis upon 
which a decision was made to start the various drugs 
differed significantly among groups (28.3 %, 47.3 %, 
26.0 %, 32.9 %), we did learn that the choice of current 
therapy utilized was not significantly related to employ-
ment status, education, age at onset of disease, or marital 
status. However, our analysis of the data supports the 
contention that nonadherence to disease modifying 
therapy is a pretext for trying additional agents, and un-
derscores the need to further explore factors that influ-
ence drug taking behavior in systematic longitudinal 
studies.

■ Factors influencing adherence

According to patient reporting, a variety of factors were 
identified as being responsible for missed injections 
(Fig. 1). The most common reason participants listed for 
missing their injection was that they simply forgot to 
administer the medication (58 %). Respondents also 
missed shots because they did not feel like taking the 
medication (22 %) or were tired of taking the injections 
(16 %). Nonadherent behavior was also linked to factors 
directly related to the performance of injection therapy, 
such as being tired of taking injections (16 %); skin re-
actions (5 %); pain at injection sites (7 %); not feeling 
like taking injections (22 %); injection-related anxiety 
(3 %); and the absence of someone to help administer 
the medication (4 %). Collectively, these factors repre-
sented 32 % of the reported reasons why injections were 
missed. 

 Variable All patients Adherent Non-adherent P value

 N 798 489 309

 Age, yrs
  Mean ± SD (Range)  43.4 ± 9.65 (19–67)  44.2 ± 9.58 (21–67)  42.2 ± 9.64 (19–67) 0.0034*

 Age at diagnosis, yrs
  Mean ± SD (Range)  36.1 ± 9.05 (4–64)  37.0 ± 9.16 (4–60)  34.6 ± 8.69 (15–64) 0.0002*

 Disease duration, yrs
  Mean ± SD (Range)   7.3 ± 6.28 (0.5–36)   6.41 ± 5.0 (0.5–35)   7.6 ± 6.08 (0.5–36) 0.4355*

 Disease duration by 
 category (%)
  ≤ 3 yrs
  4–6 yrs
  7–10 yrs
  > 10 yrs

 34.2
 23.7
 17.9
 24.2

 38.2
 21.5
 16.6
 23.7

 27.8
 27.2
 20.1
 24.9

0.0185**

 Gender (%, Female)  76.7  76.3  77.3 0.2781**

 Employment status (%)
  Employed
  Not employed
  Retired/disability
  Student

 55 
 25.4 
 17.4
  2.2 

 56.1
 23.5 
 17.4
  2.0

 53.4
 28.5
 15.9
  2.3

0.5101**

 Education (%)
  < 12 yrs
  12 to 16 yrs
  > 16 yrs

 13.8 
 64.5 
 21.7

 14.3
 63.4 
 22.2

 12.9
 66.4
 20.7

0.5976**

 Site (%)
  Academic 
  Community

 66.3
 33.7

 65.4
 34.6

 67.6
 32.4

0.5223**

 Other medical illness (%)  60.7  58.3  64.7 0.5941**

 Marital status (%)
  Married
  Single
  Divorced
  Widowed

 71.9 
 14.3 
 12.9 
  0.9 

 72.8
 13.5
 13.3
  0.4

 70.6
 15.5
 12.3
  1.6

0.2632**

 Prior disease modifying 
 therapy use (%)
  No prior use
  Prior use

 66.2
 33.8

 70.5
 29.5

 59.4
 40.6

0.0013**

* P values were calculated from ANOVA analysis; ** P values were calculated from Chi-square analysis

Table 1  Clinical characteristics of 
participants
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Reasons for nonadherence were also divided up be-
tween the drugs for comparison. Four of these reasons 
were significantly different among the drug groups (in-
jection anxiety, forgot to take shot, flu-like symptoms, no 
one to administer shots) (Fig. 2). While flu-like side ef-
fects were a complaint in interferon-treated patients in 
general, none of the nonadherent participants taking 
glatiramer acetate listed this as a side effect of treatment. 
An “other” category was listed for patients to report a 
reason for missing injections (23 % responded in this 
category). These included traveling (reported most of-
ten 24 %), change in insurance, pharmacy delivery is-
sues, other medical illness or MS exacerbation, falling 
asleep before administering injection, and family emer-
gencies, among others. 

When considered as a percentage of all patients sur-

veyed, the rates of reasons were still highest for ‘forgot to 
administer’ at 22 %, which remained statistically signifi-
cant across the drug groups (41 %, 54 %, 66 % and 60 % 
for Avonex, Betaseron, Copaxone and Rebif, respec-
tively).

Three groups were defined for adherence to adjust 
for differences in dosing schedule: patients who took 
less than or equal to 75 % of their prescribed doses; those 
who took more than 75 % but less than 100 %; and those 
reporting 100 % compliance. The groups showed similar 
trends, with a few notable differences. In the group tak-
ing less than or equal to 75 % of their doses (what we 
may call truly noncompliant patients), only 43 % re-
ported forgetting as the reason for noncompliance, com-
pared with 11 % reporting injection anxiety and 29 % 
reporting that they did not feel like taking the injection. 
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A B C RFig. 2  Data concerning the reasons for 
non-adherence, in those patients miss-
ing injections, and stratified by the use 
of individual disease modifying agents 
are presented. Four of these reasons 
were significantly different among the 
drug groups (injection anxiety, forgot 
to take shot, flu-like symptoms, no one 
to administer shots)

Fig. 1  The distribution (by percent) 
of the reasons described for missing 
injections by those patients who were 
non-adherent are presented. Forgetting 
to take injections represented the most 
common explanation for missing any 
doses of the medication, irrespective of 
which disease modifying therapy was 
being utilized. By percentages, about 
one-third of the reasons offered for 
missing shots was in some way related 
to injection therapy itself (i. e., pain, 
side effects)
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In the group taking more than 75 % but less than 100 % 
of their doses, 63 % reported forgetting, compared with 
less than 1 % reporting injection anxiety and 20 % re-
porting that they did not feel like taking the injection. 

While the four considered dosing regimens are so 
different making direct comparisons highly problem-
atic, we did attempt to evaluate the impact of missing 
injections across these treatment groups. Of course, we 
cannot make any comment about how missing a par-
ticular injection (or series of them for that matter) im-
pacts upon treatment efficacy and the MS disease course, 
we did make the observation that missing injections in 
one wave of study ascertainment was a predictor for 
missing future injections. Over time, a pattern of non-
adherent drug taking behavior would likely negatively 
impact upon effectiveness of MS disease modifying 
therapy. Despite these limitations, we did consider the 
different regimens according to injection frequency in 
an attempt to understand the potential impact of miss-
ing individual injections as a normalization scheme of 
each individual regimen. 

If one assumes a missed injection is counted as per 
the equivalent number of days per week as a daily injec-
tion (i. e., one missed Avonex injection counts for 7 days), 
the following average number of days per month were 
found: Avonex mean = 1.8 days per month (SD = 3.9); 
Betaseron = 3.6 (SD = 6.1); Copaxone = 1.5 (SD = 2.6) and 
Rebif = 1.5 (SD = 2.9). Only Betaseron was significantly 
different (p < 0.001) from the others using Duncan’s 
multiple range test, which is unadjusted for multiple 
comparisons. 

Perceived effectiveness and benefits with therapy 

While most respondents described having a favorable 
opinion of their DMT, there was a relationship between 
level of adherence and perception of benefit. In the 
group taking less than or equal to 75 % of their doses, 
6.6 % felt they were not sure about the benefits of their 
DMT, compared with only 2.2 % in the group taking 
more than 75 % but less than 100 % of their doses. Inter-
estingly, participants who were more adherent with 
therapy were more likely than less adherent patients to 
perceive that their treatment exerted benefits on cogni-
tive problems. The two most important benefits derived 
from taking the medication as identified by patients was 
slowing the progression of MS-related disability (83 %) 
and reducing neurologic attacks (73 %). Patients also in-
dicated that tolerability of the treatment and minimal 
side effects were important features to be associated 
with the high fidelity use of injectable DMTs. 

■ Quality of life, depression, hope and satisfaction

Table 2 outlines results for questions measuring quality 
of life, depression, hope and satisfaction. Adherent pa-
tients had higher scores on the majority of the physical 
and emotional well-being sections of the MSQOL-54 
compared with those who reported nonadherent behav-
ior. Those sections on the MSQOL-54 that statistically 
differentiated between adherent and nonadherent pa-
tients included role limitations–physical (p = 0.0079), 
emotional problems (p < 0.0001), pain (p = 0.0095), emo-
tional well-being (p = 0.0012), energy (p = 0.0042), health 
perceptions (p = 0.0016), social function (p = 0.0227), 
cognitive function (p = 0.0005), change in health 
(p = 0.0027), overall quality of life perception (p = 0.0001), 
and both the physical (p = 0.0020) and mental (p < 0.0001) 
health composite scores.

Analysis of depression across all patient groups re-
vealed low scores (less depression) as measured by the 
BDI FastScreen for Medical Patients for adherent pa-
tients, a 7-item instrument used in medical settings. The 
average score for adherent patients was 2.7, and for non-
adherent patients was 3.5 (a score of 0–3 indicates mini-
mal depression; a score of 4–8 indicates mild depres-
sion). Depression is a common accompaniment of MS 
and represents an important comorbidity that can be ef-
fectively treated [14, 20, 25]. Observation of low depres-
sion scores in the participants may signal some con-
founders. In particular, patients who are willing to 
participate in research studies may be less likely to be 
afflicted by depression and its cardinal features (e. g., 
poor initiative). Significantly depressed patients may 
have been underrepresented in this study, and adher-

Table 2  Participant responses for outcome measures for groups

 Measure Adherent Non-adherent P-value**

 N 489 309

 MSQOL-54*
  Mean ± SD
    Physical
    Mental

 59.7 ± 20.7
 69.5 ± 20.5

 55.2 ± 19.7
 63.1 ± 21.6

0.0020
< 0.0001

 Beck’s Depression Index
  Mean ± SD   2.7 ± 3.1   3.5 ± 3.3 0.0009

 Hope Herth Index
  Mean ± SD  39.5 ± 5.7  38.2 ± 5.9 0.0024

 Perceived satisfaction (%)
  Very satisfied
  Somewhat satisfied
  Neither satisfied 
   or dissatisfied
  Somewhat dissatisfied
  Very dissatisfied

 52.8
 35.2
 10.0

  1.8
  0.2

 38.8
 36.6
 18.4

  5.5
  0.6

< 0.0001

* MS Quality of Life – 54: Comprised of two composite scores, Physical and Mental 
Health, with 100 being the highest possible score; ** ANOVA analysis was used to 
determine P-values for MSQOL-54, Beck’s Depression Index, and Hope Herth Index. 
Chi-square analysis was used for Perceived Satisfaction
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ence rates may be even lower in this population than 
reported here. Notwithstanding this potential ascertain-
ment bias, a significant relationship between high de-
pression scores and lower reported adherence rates was 
observed (p = 0.0009). 

The Herth Hope Index (HHI) was used to determine 
whether hope influenced injection-taking behavior. The 
HHI is a 12-item adapted version of the Herth Hope 
Scale to assess hope in clinical settings. Irrespective of 
the specific treatment, we detected high levels of hope 
across all patient groups. As with the case of low depres-
sion scores, the study is likely confounded by a respon-
dent bias with respect to the domain of hope. Patients 
with substantially less hope, and potentially less confi-
dence in the value of therapy and its impact on their 
future, may have been less likely to enter our study. Nev-
ertheless, a discrimination between adherent and non-
adherent patient groups was observed, based on the 
level of hope reported with this measure (p = 0.0024). 

Nonadherent patients reported less satisfaction with 
their treatment compared with those who were adherent 
(p < 0.0001) (Table 2).

■ Psychosocial support and the ‘administrator’ 
of injection therapy

The study queried patients about the various sources 
and level of support available to them for dealing with 
MS. Patients (adherent and nonadherent) listed their 
strongest source of support as being derived from their 
treating physician. In contrast to nonadherent patients, 
those who were highly adherent perceived greater sup-
port from their spouse (p < 0.0001). It should be noted 
that people who perceive greater support may have a 
more positive outlook on life, and not necessarily have 
greater support. 

Discussion

Effective treatment for any condition is contingent upon 
the ability of patients to take their medication correctly 
(compliance) over time (persistence). Together these 
two features of injection-taking behavior represent ad-
herence. The objective of this study was to characterize 
those factors that are associated with adherent versus 
less adherent drug-taking behavioral patterns. The iden-
tification of such factors provides us with opportunities 
to anticipate difficulties that patients may have with 
 specific therapeutic regimens and for disease-modify-
ing injection therapies in general. Providers who are 
equipped with such knowledge can better identify pa-
tients at higher risk for nonadherent drug-taking behav-
ior and thereby preemptively develop strategies to opti-
mize the benefits of treatment. 

The four injectable treatments and their routes of ad-
ministration produce different challenges with respect 
to patient tolerance. At any given time, a number of pa-
tients across all treatment groups were missing injec-
tions. The application of a three-wave ascertainment 
protocol was adopted in order to determine whether 
missed injections during the first cross-sectional assess-
ment was a predictor for future nonadherent behavior. 
Patients initially nonadherent were more likely to re-
main nonadherent and those adherent tended to main-
tain their injection behavior, possibly suggesting either 
consistency over time in reporting and/or behavior and 
reliability of a snapshot it time.

We examined several rules: adherence as prescribed 
implying all doses must be taken as well as more than 
75 %, so that missing one of four injections is equivalent 
to missing seven of 28 for daily injections, and found 
similar patterns. However, there are no data to help us 
understand the impact of missing one or more injec-
tions on the efficacy of DMTs. If missing a prescribed 
dose of medication is a predictor of future nonadherent 
behavior, then we should at least attempt to emphasize 
the importance of complete (or nearly so) adherence to 
treatment regimens. Since treatment does favorably af-
fect the course of disease in MS and adherence rates have 
been very high in the context of clinical trials, emphasiz-
ing drug adherence would seem important in clinical 
practice.

The most common explanation for missed injections 
was that patients simply forgot to take the dose (58 %), 
but this is a lesser explanation among the least adherent 
patients. Forgetting to take medications has also typi-
cally been reported by patients with other illness such as 
depression, diabetes, HIV, transplant recipients, inflam-
matory bowel disease, hypertension, lupus and rheuma-
toid arthritis [3, 4, 9, 11, 18, 23, 24, 26]. This observation 
raises more questions than it answers. Why in fact did 
patients forget to take the medication? Was it related to 
simple forgetfulness, or cognitive dysfunction? Perhaps 
procrastination with taking the dose was subsequently 
followed by forgetfulness. Forgetting to take a medica-
tion should be carefully explored to develop strategies 
that can effectively prompt patients (and perhaps family 
members) to develop routines that prevent this occur-
rence. Findings similar to ours were observed by the 
Global Adherence Project (GAP) [6], where more than 
2500 patients with MS have been recruited from 26 
countries. In this worldwide study, the most common 
reason reported for missing an injection was also forget-
ting, cited by half of patient respondents. The National 
MS Society recently published a new expert opinion pa-
per on the assessment and management of cognitive 
impairment in MS. Given that cognitive abnormalities 
may affect drug-taking behavior and adherence, peri-
odic screenings and interventions may prove helpful in 
ensuring full adherence to medications [21].



  575

An important finding in our study was that factors 
related to the injection procedure itself influenced the 
predilection of missed injections (about one-third of the 
reported reasons). Anticipation anxiety, pain, site reac-
tions, and difficulty with the route of administration 
were reported as germane to missing injections. Patient 
perceptions about how injections affected their personal 
appearance (particularly with subcutaneous routes of 
administration) also figured prominently in whether 
adherence was compromised. Close attention to discuss-
ing these issues with patients at the time of clinic visits 
provides the opportunity for the patient to reveal such 
problems and to begin the process of further education 
and intervention to improve compliance, especially with 
partially effective therapies [8]. 

Patient expectations concerning treatment and its in-
fluence on their disease course was a predictor for drug-
taking behavior. Specifically, those who reported a more 
favorable and optimistic outlook on the impact of MS 
treatment on their disease process were more likely to 
report higher rates of adherence. It is extremely impor-
tant for healthcare providers to recognize the pivotal 
role they play in influencing adherence through educa-
tion and advocacy. Patients with higher levels of depres-
sion and less hope were more likely to report nonadher-
ent behavior, suggesting that physicians must be vigilant 
in the early recognition of mood disorders. Whether this 
is a consequence or predictor of compliance is unknown, 
but it is an indicator.

Therapy expectations clearly have an impact on the 
psychology of having a chronic disease. Education on 
disease course, treatment rationale, realistic treatment 
expectations, adverse effects to be expected, treating de-
pression, providing cues for prompting drug adminis-
tration, and enlisting the support of family members or 
significant others represent some of the most important 
strategies for optimizing adherence and thereby treat-
ment efficacy and quality of life [5].

There are a number of limitations of our study. One 
limitation of the study is that we do not know how many 
patients were approached in the clinics for the study. 
Clearly we have analyzed factors influencing self-re-
ported adherence and not observed drug-taking behav-
ior. Nevertheless, the structure of our questionnaire was 
to focus on many aspects of therapy as experienced by 
the patient over a defined time period of recollection (1 
and 4 weeks). Second, this is not a randomized trial and 
thus, we may have recruited patients more likely to be 
comfortable reporting on drug-taking behavior, which 
may tend to overstate the overall adherence estimates we 
have reported herein. The stability of the rates from 
wave to wave, and the consistency reported by the pa-
tients across waves, suggests that some level of comfort 
with the treatments has settled in. Conversely, this is 
possibly a better representation of the cross-section 
seen in clinical practice.

As the number and complexity of treatments expand 
for chronic illnesses, members of the care team will be 
faced with the formidable challenge of providing more 
time and resources focused on education and the iden-
tification of factors that have impaired adherence in 
their individual patients. Nevertheless, the substantial 
progress being achieved in our capability to modify 
chronic illness can only benefit patients if they receive 
sufficient education and ongoing support both before 
and after the initiation of treatment. The responsibility 
for adherently taking prescribed medication ultimately 
rests with our patients. The healthcare team, however, is 
responsible for ensuring that patients can understand 
what treatment entails, how to correctly take medica-
tion, establishing reasonable expectations with respect 
to the benefits to be derived from therapy, and outlining 
plans for recognizing and modifying factors that affect 
adherence. 
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