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 Adherence to Disease Modifying Therapies in Patients with  

Multiple Sclerosis 
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Supervisor:  Carolyn M. Brown 

 

Adherence to disease modifying therapy (DMT) is a challenge for many patients 

with multiple sclerosis (MS).  This three-study dissertation explored factors associated 

with DMT adherence, which may guide future interventions aimed at improving 

adherence.   

Study one was a systematic review focused on factors significantly associated 

with DMT adherence.  Thirty articles were included in the review.  Factors across all five 

domains of the World Health Organization Medication Adherence Model (i.e., social and 

economic, healthcare system, condition, therapy, and patient domains) were identified.  

Some of the modifiable factors included patients’ out of pocket cost, family and caregiver 

support, neurologist discussion of adherence, type of DMT, ease of injection, and 

satisfaction with treatment.   

Study two was a qualitative investigation of MS patients’ experiences with their 

DMT.  From the three focus groups with MS patients (n=26) taking injectable and oral 

DMTs, three major themes emerged: barriers to DMT adherence, facilitators of DMT 

adherence (currently used), and facilitators of DMT adherence (desired).  Overall, 
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participants experienced several DMT-related issues (e.g., administration, storage, 

memory, lack of motivation), which often directly impacted DMT adherence.  However, 

participants were able to effectively cope or manage some of the DMT-related issues.  

Participants utilized various strategies, such as industry-sponsored support programs and 

reminder devices, to improve adherence and expressed their desire for easier DMT 

administration and ordering processes.    

Study three was a cross-sectional survey mailed to 600 MS patients to assess 

DMT adherence and to determine various factors related to it.  Of the 489 respondents 

(81.5% response rate), most (92.9%) were adherent (doses taken/doses prescribed in two 

week period ≥0.80).  Treatment satisfaction, perceived necessity and perceived concern, 

the primary independent variables, were not significantly associated with DMT 

adherence in multivariate analyses.  Among covariates, age and type of DMT were 

significant predictors, suggesting that younger patients and those taking injectable DMTs 

are at higher risk for nonadherence.   

 These studies highlight the complex nature of DMT-taking behavior among MS 

patients, which is impacted by several factors.  Accordingly, future strategies and 

interventions aimed at improving patient’s medication adherence should be multi-faceted 

and tailored to the specific issues experienced by individual patients. 
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CHAPTER ONE:  INTRODUCTION AND LITERATURE REVIEW 

1.1 Chapter Overview 

This chapter provides a discussion of the literature relevant to the three studies 

comprising this dissertation.  The introduction and literature review will begin with the 

problem statement underlying the studies of this dissertation, followed by an overview of 

several multiple sclerosis (MS)-related topics: definition, morbidity and mortality, 

prevalence and incidence, economic and humanistic burden, etiology and risk factors, 

diagnosis and clinical subtypes, and symptoms.   Other topics in this chapter include the 

management of MS and medication adherence.  The chapter concludes with a summary 

of the literature and significance of the topic.   

Given that most patients are diagnosed with relapsing remitting MS (RRMS) 

(More detail regarding diagnosis and clinical subtypes provided later in this chapter.) and 

that disease modifying therapies (DMTs) are indicated for the treatment of relapsing 

forms of MS, the discussion of the literature and subsequent studies of this dissertation is 

focused on patients with RRMS and patients taking DMTs, unless otherwise noted.   

1.2 Problem Statement 

The World Health Organization (WHO) defines adherence as “the extent to which 

a person’s behavior (i.e., taking medication, following a diet, and/or executing lifestyle 

changes) corresponds with agreed recommendations from a health care provider” (Sabate 

2003).  The importance of achieving optimal medication adherence is well established in 

the literature, with several studies supporting the associations between adherence and 
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improved economic and clinical outcomes (Boswell et al. 2012; Iuga and McGuire 2014).  

Unfortunately, approximately half of patients with chronic illnesses do not take their 

medications as prescribed (Brown and Bussell 2011), which is estimated to cost the U.S. 

healthcare system between $100 and $289 billion annually (Task Force for Compliance 

1994; Peterson, Takiya, and Finley 2003; Osterberg and Blaschke 2005; Showalter 2006; 

Mahoney et al. 2008; New England Healthcare Institute 2009).  

Across most disease states, medication adherence remains a complex and costly 

issue for patients, providers, and healthcare systems; this issue is no exception for MS.  

Existing studies suggest that adherence to DMTs among patients with MS is not optimal 

with rates ranging between 41 percent and 88 percent (Menzin et al. 2013).
 
  

There are currently 13 DMTs approved by the U.S. Food and Drug 

Administration (FDA) for use in relapsing forms of MS (National MS Society).  DMTs 

are not a cure, nor will they prevent recurring symptoms (e.g., fatigue, numbness).  

However, each DMT has been found to reduce the recurrence of relapses and to delay 

disease progression.  Nevertheless, poor medication adherence may hinder these clinical 

benefits and real-world effectiveness.  For example, one study found that MS patients 

with poor or fair adherence to subcutaenous interferon beta-1a had 4.6 times higher odds 

of experiencing a relapse than those with good or very good adherence (Hupperts et al. 

2014).  It has also been found that MS patients with poor medication adherence 

experience worse mental health and are more likely to be unemployed and disabled 

(Cerghet et al. 2010).  Despite this evidence supporting the benefits of DMTs and 
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adherence to DMTs, achieving optimal adherence remains problematic for many patients 

with MS.   

1.2  Overview of Multiple Sclerosis  

1.2.1 DEFINITION, MORBIDITY AND MORTALITY OF MS 

MS is an autoimmune demyelinating disease of the central nervous system (CNS) 

(Love 2006).  MS is characterized as an abnormal response of the body’s immune system 

against the CNS, which is comprised of the brain, spinal cord, and optic nerves (Tullman 

2013).   Within the CNS, the body’s immune system attacks myelin (a fatty substance 

surrounding and insulating nerve fibers) and nerve fibers.  When the myelin is damaged, 

scar tissue (sclerosis) is formed, which gives the disease its characteristic name.   Damage 

to any part of the myelin (known as demyelination) or nerve fiber results in distortions or 

interruptions in communication between the brain and spinal cord (Tullman 2013).    

With each clinical attack or acute exacerbation, one or more existing symptoms 

may worsen or new symptom(s) may manifest.  Symptoms may present differently from 

patient to patient as a result of the variation in location and severity of demyelination and 

axonal damage (Moore and Esiri 2011).  In the early stages of MS, patients may 

experience double or blurred vision, numbness, weakness in extremities, instability in 

walking, tremors, problems with bladder control, and heat intolerance (Rose, Houtchens, 

Lynch).  Some patients may experience a predominance of cognitive decline, while 

others may also experience ataxia, hemiparesis or paraparesis, depression, or visual 

symptoms (Luzzio, Keegan, Dangond 2014).  
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 Comorbidities are also common among patients with MS, which may further 

complicate the diagnosis of MS, influence the progression of MS, and negatively impact 

patients’ quality of life (Marrie et al. 2015).  In a review of 249 studies conducted 

between 1905 and 2012, Marrie et al. (2015) found that the top five most prevalent 

comorbidities among MS patients were depression, anxiety, high blood pressure, high 

cholesterol, and chronic lung disease.  The most prevalent autoimmune diseases were 

thyroid disease and psoriasis.  The majority of these studies were conducted in North 

America or Europe; thus, it is not known whether these same comorbidities trends occur 

among patients with MS in other continents (Marrie et al. 2015).   

 A review of data from several large cohort registries from around the world found 

that life expectancy in MS patients is reduced by 7 to 14 years compared with the general 

population (Scalfari et al. 2013).  The cause of death in MS may be due to a number of 

reasons, from systemic complications in the advanced stages of MS to other 

complications that also afflict the general population (e.g., cardiovascular disease, cancer, 

suicides, and accidents).  However, the same review also reported that at least 40 percent 

of patients die directly from MS-related causes (Scalfari et al. 2013).   

 In a recent study using a U.S. commercial health insurance database, annual 

mortality rates were 899 per 100,000 among MS patients compared to 446 per 100,000 

among the matched non-MS cohort (Kaufman et al. 2014).   Kaplan-Meier analysis 

yielded a median survival from birth that was six years lower among MS patients than 

patients in the matched cohort (Kaufman et al. 2014).   
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1.2.2 PREVALENCE AND INCIDENCE OF MS 

 According to the National Multiple Sclerosis Society, the prevalence of MS in the 

U.S. is 400,000 or approximately 135 per 100,000 persons (National MS Society).  

Epidemiological studies from various geographical regions provide a wide range of MS 

prevalence estimates in the U.S.  The accuracy of overall estimates is limited by the fact 

that incidence rates are higher in the northern half of the U.S. than in the southern half 

(Hernan, Olek, and Ascherio 1999; Noonan et al. 2010).  In an analysis from the Nurses’ 

Health Study, the adjusted rate ratios were 3.5 for the northern U.S. and 2.7 for the 

middle U.S., relative to the southern U.S. (Hernan, Olek, and Ascherio 1999).  The 

prevalence of MS is often higher in regions with temperate climate (regions north of 40 

degrees latitude and away from the equator) (Kurtzke 1975).   

 Globally, the incidence and prevalence of MS also varies by geographic region.   

High frequency areas include all of Europe, southern Canada, New Zealand, and 

southeast Australia, where prevalence is often more than 100 per 100,000 (Olek, 

Gonzalez-Scarano, and Dashe 2015).  The risk of MS is low in Africa and Asia (Pugliatti, 

Sotgiu, and Rosati 2002).  

 MS is about two to three times more common in women than men (Harbo, Gold, 

and Tintore 2013), and it affects proportionally more Caucasians.  In a systematic review 

of 28 epidemiological studies, the estimated female-to-male ratio of MS incidence 

increased from 1.4:1 to 2.3:1 from 1955 to 2000 (Alonso and Hernan 2008).  One study 

in this review even reported a ratio of >3:1.   
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1.2.3 ECONOMIC AND HUMANISTIC BURDEN OF MS 

 Because of the early onset and lifelong nature of the disease, MS contributes to 

significant economic and humanistic burden.  

Economic Burden  

 Patients with MS experience significant economic burden due to costs associated 

with medical care (e.g., hospitalizations, consultations, DMTs), informal care by 

relatives, decreased work productivity, and other non-medical care (Kobelt et al. 2006).   

Given that many patients often experience MS during peak productive working years, 

many patients rely on disability insurance to supplement or replace income.  It is 

estimated that approximately 40 percent of all MS patients in the U.S. rely on some form 

of disability insurance for their income (National MS Society).  The total annual direct 

and indirect cost associated with MS is estimated to be approximately $28 billion in the 

U.S. (National MS Society, 2012).   

Using nationally representative data from the Medical Expenditure Panel Survey, 

Campbell and colleagues (2014) estimated the annual direct costs to be $24,327 higher 

per person for the MS population than the non-MS population.   Over a lifetime, it is 

estimated that the total direct and indirect cost for a patient diagnosed with MS is $2.2 

million (Whetten-Goldstein et al. 1998).   

The cost of medications for patients with MS contributes significantly to this 

economic burden.  It is estimated that DMTs account for 69 percent of the total costs to 

treat MS in the U.S. (Owens et al. 2013).  Based on data from U.S. Medicaid, the 

estimated acquisition cost (including 23% Medicaid rebate) of DMTs ranged from 
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$41,078 to $53,032 in 2013 (Hartung et al. 2015).  For patients, Gleason and colleagues 

(2009) evaluated the out of pocket costs (either copayments or coinsurance) for DMTs 

among MS patients across several private health plans and found that average monthly 

out of pocket costs were $128 ± $314.  Minden and colleagues (2007) found that the 

median out of pocket costs (excluding insurance premiums) for healthcare among MS 

patients are almost twice as much compared to the general population.   

Humanistic Burden  

 Among the intangible costs of MS, patients experience impaired physical 

functioning, health-related quality of life (HRQoL), social and emotional well-being, and 

family relationships.  In one study, MS patients lost an average of 10.04 quality adjusted 

life years (QALYs) compared to a non-MS cohort (Campbell et al. 2014).  Compared to 

patients with other chronic illnesses, such as diabetes, arthritis and epilepsy, patients with 

MS experience lower quality of life (Hermann et al. 1996).  This is not surprising given 

the impact of MS on patients’ physical, neurological, psychiatric, and psychological 

functioning.  Furthermore, MS significantly affects the work and social relationships of 

patients (Solari and Radice 2001).  MS disease and medication management are 

challenging and inflict substantial burden on patients and their families.   

 Given the unpredictability of relapse and remission periods, coping with MS may 

be difficult for some patients.  The risk of losing independence, personal autonomy, 

dignity and future plans over time may impact patients’ well-being (Boeije et al. 2002).  

Aside from physical stressors, patients may be susceptible to developing mental 

disorders, including depression and anxiety (Chwastiak and Ehde 2007).  As such, 
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physical, psychological, social, and psychiatric domains of HRQoL are often used to 

evaluate the impact of MS and to track changes over time.   

1.2.4 ETIOLOGY AND RISK FACTORS OF MS 

The specific cause of MS remains unknown.  It is believed that multiple 

environmental factors may trigger the disease in individuals who are genetically 

predisposed to respond (Luzzio, Keegan, and Dangond 2015).  

Genetic factors 

Although most researchers agree that genetic factors play a role in the 

manifestation of MS, there is no single gene that causes it.  Research shows that there is 

familial risk associated with MS, such that individuals with a family member diagnosed 

with MS are at greater risk than the general population (Nielsen et al. 2005).  The chance 

for a first-degree relative (e.g., child, sibling, non-identical twin) to also be diagnosed 

with MS is 2.5 to 5 percent (National MS Society).  Among twins, the risk of developing 

MS for dizygotic twin pairs is the same as that for siblings (3 to 5%) (Olek et al. 2015).  

Among monozygotic twins, the risk increases to at least 20 percent with some estimates 

reaching nearly 39 percent (Olek et al. 2015).  Given the wide variation in occurrences of 

MS across the world, genetics alone cannot explain the onset of MS.   

Sunlight exposure and vitamin D  

A combination of lack of sunlight exposure and insufficient vitamin D has been 

proposed as an environmental factor associated with the development of MS (Hernan, 

Olek, and Ascherio 1999).   Vitamin D helps to regulate immune response by decreasing 
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output of pro-inflammatory cytokines while increasing output of anti-inflammatory 

cytokines (Luzzio, Keegan, and Dangond 2015). 

This sunlight exposure and vitamin D hypothesis is primarily driven by MS 

research from around the world, which shows geographic variation in MS incidence 

(Cantorna 2008).  Specifically, MS disease is more likely to occur in countries further 

from the equator where individuals may have lower vitamin D levels due to lower 

sunlight exposure at higher latitudes (Cantorna 2008; Kampman 2008).  

Notably, certain areas (e.g., Norway) at higher latitude levels actually have a 

lower incidence of MS, despite having limited sunlight, because of traditional diets high 

in vitamin D (Kampman 2008).  It has been suggested that vitamin D supplementation 

may reduce the risk of MS.  In the Nurses’ Health Study and Nurses’ Health Study II, the 

risk of developing MS was significantly reduced among women taking 400 or more 

international units of vitamin D per day (relative risk: 0.59, CI: 0.38-0.91) (Munger et al. 

2004).   

Smoking 

Smoking has also been reported as a factor for increasing the risk of developing 

MS and for disease exacerbation (Belbasis et al. 2015).  In a study conducted in Norway, 

the risk of MS was significantly higher among smokers compared to individuals who had 

never smoked (rate ratio: 1.81, CI: 1.1-2.9) (Rilse, Nortvedt, and Ascherio 2003).  

Another study found that the risk of MS was greater for ever smokers compared to never 

smokers (OR: 1.3, CI: 1.0-1.7) and that hazard ratio of secondary progression from 
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relapsing remitting MS (RRMS) was 3.6 (CI: 1.3-9.9) for ever smokers compared to 

never smokers (Hernan et al. 2005).  

While it is not known why smoking may be a risk factor, it is believed that 

chemicals in cigarette smoke affect the immune system.  For example, one study in 

Sweden found that current smokers were significantly more likely to develop antibodies 

associated with immunity to interferon beta treatment for MS than non-smokers 

(Hedstrom et al. 2014).  

Viral infection 

Another theory is that a virus may be involved in the development of MS.  

Significant attention has centered on the Epstein-Barr virus (EBV) (Belbasis et al. 2015).  

EBV causes infectious mononucleosis, which is thought to be a possible cause or trigger 

of MS (Goldacre et al. 2004).  A meta-analysis of 14 case-control and cohort studies 

found that the risk of MS increased after infectious mononucleosis (relative risk: 2.3, CI: 

1.7-3.0) (Thacker, Mirzaei, and Ascherio 2006).   

Another virus that has been linked to MS is the varicella zoster virus (VZV) 

(Sotelo and Corona 2011).  In a case-control study, viral particles identical to VZV and 

DNA from VZV were found in cerebrospinal fluid (CSF) samples from patients with 

acute relapses of MS (Sotelo et al. 2008).  These viral particles were not found in CSF 

samples from patients in remission or from control subjects, which suggests that VZV 

plays a role in MS relapses (Sotelo et al. 2008).  However, additional research is needed 

to confirm this link (Sotelo and Corona 2011).    
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While several viruses have been detected in patients with MS, no single virus has 

been identified as a causative agent; thus, it is possible that the disease is triggered by 

more than one virus.  

1.2.5 DIAGNOSIS AND CLINICAL SUBTYPES OF MS 

 Diagnosis of MS typically involves both clinical and paraclinical laboratory 

assessments (e.g., MRI scans).  The McDonald diagnostic criteria provide specific 

clinical and MRI criteria for the diagnosis of MS (Polman et al. 2011).  Based on the 

McDonald criteria, the core requirement of diagnosis is the objective demonstration of 

dissemination of CNS lesions in both space and time; this can be determined through 

clinical findings alone or in combination with MRI findings.   

To demonstrate dissemination in space, MRI scans should reveal one or more T2 

lesions in at least two of four MS-typical regions of the CNS (i.e., periventricular, 

juxtacortical, infratentorial, or spinal cord).  A T2 lesion is an MS lesion that shows up as 

a “white spot” on a T2-weighted MRI; the total number of T2 lesions provides an 

indication of a patient’s MS disease burden.  Alternatively, the development of a further 

clinical attack implicating a different CNS site may demonstrate dissemination in space.   

To demonstrate dissemination in time, MRI scans should reveal simultaneous 

presence of asymptomatic gadolinium-enhancing and non-enhancing lesions at any time, 

or a new T2 and/or gadolinium-enhancing lesion(s) on follow-up MRI, irrespective of its 

timing with reference to a baseline scan.  Alternatively, the development of a second 
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clinical attack may demonstrate dissemination in time (Polman et al. 2011).  Table 1.1 

provides an overview of the McDonald criteria for the diagnosis of MS.  

Table 1.1 McDonald Diagnostic Criteria for Multiple Sclerosis 

Clinical Presentation Additional criteria needed for MS diagnosis 

≥2 attacks; objective clinical 

evidence of ≥2 lesions or 

objective clinical evidence of 1 

lesion with reasonable historical 

evidence of a prior attack 

None 

≥2 attacks; objective clinical 

evidence of 1 lesion 

Dissemination in space, demonstrated by: 

 ≥1 T2 lesion on MRI in at least 2 out of 4 MS-

typical regions of the CNS (periventricular, 

juxtacortical, infratentorial, or spinal cord) 

OR 

 Await further clinical attack implicating 

different CNS site 

1 attack; objective clinical 

evidence of ≥2 lesions 

Dissemination in time, demonstrated by:  

 Simultaneous presence of asymptomatic 

gadolinium-enhancing and non-enhancing 

lesions at any time 

OR 

 A new T2 and/or gadolinium-enhancing 

lesion(s) on follow-up MRI, irrespective of its 

timing with reference to a baseline scan 

OR 

 Await a second clinical attack 
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Table 1.1 McDonald Diagnostic Criteria for Multiple Sclerosis, Cont.  

Clinical Presentation Additional criteria needed for MS diagnosis 

1 attack; objective clinical 

evidence of 1 lesion (clinically 

isolated syndrome) 

Dissemination in space and time, demonstrated by: 

For dissemination in space 

 ≥1 T2 lesion in at least 2 out of the 4 MS-

typical regions of the CNS 

OR 

 Await a second clinical attack implicating a 

different CNS site 

 

For dissemination in time 

 Simultaneous presence of asymptomatic 

gadolinium-enhancing and non-enhancing 

lesions at any time  

OR 

 A new T2 and/or gadolinium-enhancing 

lesion(s) on follow-up MRI, irrespective of its 

timing with reference to a baseline scan 

OR 

 Await a second clinical attack 

Insidious neurologic 

progression suggestive of MS 

(Primary progressive MS) 

1 year of disease progression (retrospectively or 

prospectively determined) plus 2 of 3 of the following 

criteria: 

 Evidence for dissemination in space in the 

brain based on ≥1 T2 lesions in the MS-

characteristic regions 

 Evidence for dissemination in space in the 

spinal cord based on ≥2 T2 lesions in the cord 

 Positive cerebrospinal fluid (isoelectric 

focusing evidence on oligoclonal bands and/or 

elevated immunoglobulin G index) 

Source: Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for multiple 

sclerosis: 2010 revisons to the Mcdonald Criteria. Ann Neurol. 2011;69:292-302.  
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MS patients typically experience one of four clinical subtypes: relapsing-remitting 

MS (RRMS), secondary-progressive MS (SPMS), primary-progressive MS (PPMS), and 

progressive-relapsing MS (PRMS) (Lublin et al. 2013).  Figure 1.1 delineates each 

disease course with respect to disability level over time. 

Figure 1.1 Multiple Sclerosis Disease Courses 
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Relapsing Remitting Multiple Sclerosis (RRMS)  

RRMS is the most common subtype with approximately 85 to 90 percent of 

patients diagnosed with this subtype at onset (Weinshenker 1994).   RRMS is 

characterized by clearly defined attacks of worsening neurologic function followed by 

partial or complete recovery periods (remissions).  These relapses (also called attacks, 

flare-ups or exacerbations) can last anywhere from 24 hours to several weeks, and may 

involve one or several symptoms, an exacerbation of an existing symptom, or a 

development of a new symptom.  During remission, which may last a year or more, there 

is no apparent progression of disease.  

Primary Progressive Multiple Sclerosis (PPMS) 

PPMS is characterized by gradual worsening from the onset of the disease.  Some 

patients may experience occasional plateaus or minor improvements; however, there are 

no clear relapses or remissions. This subtype of MS occurs in about 10 percent of patients 

(Tullman 2013).  The gender distribution of patients diagnosed with PPMS tends to be 

equal, whereas RRMS is two to three times more common in women than men (Miller 

and Leary 2007).  Furthermore, patients with PPMS tend to have a later age of onset (late 

30s, early 40s for PPMS vs. 20s and 30s for RRMS) (Miller and Leary 2007).  

Secondary Progressive Multiple Sclerosis (SPMS) 

SPMS is characterized by gradual worsening of symptoms over time with or 

without the occurrence of relapses and remissions.   SPMS is a major subtype of MS.  

The National Institute for Health and Clinical Excellence (NICE) reported that almost 50 

percent of patients with RRMS will develop SPMS approximately 10 years after onset, 
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and 90 percent within 25 years after onset (NICE, 2003; Weinshenker, 1989); however, 

there is no established criteria to determine when patients with RRMS convert to SPMS 

(Lublin et al. 2014). 

Progressive Relapsing Multiple Sclerosis (PRMS) 

PRMS is a subtype related to PPMS and is characterized by worsening 

progression of the disease from onset with clear acute relapses along the way.  Patients 

may or may not experience recovery following a relapse.  PRMS is the least common 

subtype of MS occurring in only 5 percent of MS patients (Hooper 2011).   

1.2.6 SYMPTOMS OF MS 

A number of symptoms are associated with MS, which have a significant impact 

on patients’ quality of life (Mitchell et al. 2005).  A hallmark of MS is that the symptoms 

vary greatly between patients, such that no two patients experience the same set of 

symptoms in the same way (National MS Society).  The specific symptoms that the 

patient may experience depend on the location and severity of demyelination and axonal 

damage (National MS Society).  Patients may experience primary, secondary, and tertiary 

symptoms (Ben-Zacharia 2011).   

Primary symptoms are complications as a direct result of damage to the myelin 

and nerve fibers.  Secondary symptoms are complications that may manifest as a result of 

primary symptoms.  Tertiary symptoms are the downstream effects and challenges 

patients may experience in their lives as a result of the disease.    Table 1.2 provides an 

overview of primary, secondary, and tertiary symptoms (Schapiro 1997).  
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Table 1.2 Primary, Secondary, and Tertiary Symptoms of Multiple Sclerosis (MS)  

 

 

1.3  Management of MS 

1.3.1 TREATMENT OF ACUTE EXACERBATIONS  

 Patients with MS who experience acute exacerbations resulting in neurologic 

symptoms, increased disability, or impairments in vision, strength, or cerebellar function 

are usually treated with glucocorticoids (Olek et al. 2015).  Typically, this involves a 

three- to seven-day course of intravenous methylprednisolone (500 to 1000 mg per day) 

with or without a short prednisone taper (Kupersmith et al. 1994; Murray 2006).   

Alternatively, patients may receive a three- to seven-day course of oral prednisone (625 

to 1250 mg daily) with or without a short taper.   

 For patients who cannot tolerate high-dose glucocorticoids or who prefer self-

injections, adrenocorticotropic hormone (ACTH) may be an alternative treatment option 

for acute exacerbations (Olek et al. 2015).  ACTH is available as repository corticotropin 

injection gel, which is typically administered to patients by intramuscular or 

Level Symptoms 

Primary Fatigue, walking (gait) difficulties, numbness or tingling, spasticity, 

weakness, vision problems, dizziness and vertigo, bladder problems, sexual 

problems, bowel problems, pain, cognitive changes, emotional changes, 

depression, speech problems, swallowing problems, tremor, seizures, 

breathing problems, itching, headaches, hearing loss 

Secondary Obesity, contractures, and urinary tract infections  

Tertiary  Psychological (depression due to MS), vocational (inability to perform job- 

related functions) and social (relationship problems) effects of MS  
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subcutaneous injection for one week, with or without taper for a total of two to three 

weeks (Thompson et al. 1989).  

 

1.3.2 DISEASE MODIFYING THERAPIES 

Patients with RRMS who manifest current disease activity as demonstrated by 

clinical symptoms and or recent MRI lesions are likely candidates for treatment with 

DMTs.  The Multiple Sclerosis Therapy Consensus Group recommends early initiation of 

treatment in order to achieve the goal of terminating inflammation and reducing axonal 

damage (Multiple Sclerosis Therapy Consensus Group et al. 2008).  Currently, there are 

13 DMTs approved by the U.S. FDA for the treatment of MS as shown in Table 1.3 

(National MS Society).  These DMTs are not a cure, nor will they prevent recurring 

symptoms (e.g., fatigue, numbness).  However, each DMT has been found to decrease 

relapse rate and slow the accumulation of brain lesions on MRI among patients with 

RRMS; thus, patients with a definite diagnosis of RRMS should begin disease 

management with a DMT.   
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Table 1.3 U.S. Food and Drug Administration-Approved Disease Modifying Therapies (DMTs) for Multiple Sclerosis (MS)  

Trade Name  

(Generic Name) 

Indication Dosage and Administration Most Common Adverse Reactions 

in Controlled Studies 

Injectable DMTs 

Avonex®  

(Interferon beta-1a) 

 

Approved: 1996 

Treatment of 

patients with 

relapsing forms of 

MS 

Intramuscular injection: 30 mcg once 

a week 

Titrated, starting at 7.5 mcg for first 

week, and increasing dose by 7.5 mcg 

each week for next three weeks until 

recommended dose of 30 mcg 

Flu-like symptoms including chills, 

fever, myalgia, and asthenia  

Rebif®  

(Interferon beta-1a) 

 

Approved: 1998 

Treatment of 

patients with 

relapsing forms of 

MS 

Subcutaneous injection: 22 mcg or 44 

mcg three times per week  

Titrated, starting at 20% of prescribed 

dose three times per week, and 

increasing over a four-week period to 

the targeted dose of either 22 mcg or 

44 mcg three times per week   

Injection site disorders, influenza-like 

symptoms, abdominal pain, 

depression, elevation of liver 

enzymes, and hematologic 

abnormalities  

Betaseron® 

 (Interferon beta-1b) 

 

Approved: 1993 

Treatment of 

patients with 

relapsing forms of 

MS 

Subcutaneous injection: 0.25 mg 

every other day 

Titrated, starting at 0.0625 mg every 

other day, and increasing over a six-

week period to 0.25 mg every other 

day  

Injection site reactions, lymphopenia, 

flu-like symptoms, myalgia, 

leukopenia, neutropenia, increased 

liver enzymes, headache, hypertonia, 

pain, rash, insomnia, abdominal pain, 

and asthenia  

Source: Respective prescribing information sheets for each DMT 
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Table 1.3 U.S. Food and Drug Administration-Approved Disease Modifying Therapies (DMTs) for Multiple Sclerosis (MS), 

Cont. 

Trade Name  

(Generic Name) 

Indication Dosage and Administration Most Common Adverse Reactions in 

Controlled Studies 

Injectable DMTs 

Extavia®  

(Interferon beta-1b) 

 

Approved: 2009 

Treatment of 

patients with 

relapsing forms of 

MS 

Subcutaneous injection: 0.25 

mg every other day 

Titrated, starting at 0.0625 mg 

every other day, and increasing 

over a six-week period to 0.25 

mg every other day 

Injection site reaction, lymphopenia, flu-

like symptoms, myalgia, leukopenia, 

neutropenia, increased liver enzymes, 

headache, hypertonia, pain, rash, insomnia, 

abdominal pain, and asthenia  

Plegridy® 

(Peginterferon beta-1a) 

 

Approved: 2014 

Treatment of 

patients with 

relapsing forms of 

MS 

Subcutaneous injection: 125 

mcg every 14 days 

Titrated, starting with 63 mcg 

on day 1, 94 mcg on day 15, 

and 125 mcg (full dose) on day 

29  

Injection site erythema, influenza-like 

illness, pyrexia, headache, myalgia, chills, 

injection site pain, asthenia, injection site 

pruritus, arthralgia  

Copaxone®  

(Glatiramer acetate) 

 

Approved: 1996 

Treatment of 

patients with 

relapsing forms of 

MS 

Injection: 20 mg/mL a single 

dose prefilled syringe with a 

white plunger once per day 

Injection: 40 mg/mL in a single 

dose prefilled syringe with a 

blue plunger three times per 

week 

Copaxone 20 mg/mL: injection site 

reactions, vasodilation, rash, dyspnea, and 

chest pain 

Copaxone 40 mg/mL: injection site 

reactions   

Source: Respective prescribing information sheets for each DMT  
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Table 1.3 U.S. Food and Drug Administration-Approved Disease Modifying Therapies (DMTs) for Multiple Sclerosis (MS), 

Cont. 

Trade Name  

(Generic Name) 

Indication Dosage and Administration Most Common Adverse Reactions in 

Controlled Studies 

Injectable DMTs 

Glatopa®  

(Glatiramer acetate) 

 

Approved: 2015 

Treatment of 

patients with 

relapsing forms of 

MS 

Injection: 20 mg/ML in a single 

dose prefilled syringe with a 

white plunger once per day 

Injection site reactions, vasodilation, rash, 

dyspnea, and chest pain  

Oral DMTs 

Gilenya®  

(Fingolimod) 

 

Approved: 2010 

Treatment of 

patients with 

relapsing forms of 

MS 

0.5 mg once daily, orally, with 

or without food 

 

Headache, liver transaminase elevation, 

diarrhea, cough, influenza, sinusitis, back 

pain, abdominal pain, and pain in extremity  

Aubagio® 

(Teriflunomide) 

 

Approved: 2012 

Treatment of 

patients with 

relapsing forms of 

MS 

7 mg or 14 mg once daily, 

orally, with or without food  

Headache, diarrhea, nausea, alopecia, 

increase in ALT 

Tecfidera® 

(Dimethyl fumarate) 

 

Approved: 2013 

Treatment of 

patients with 

relapsing forms of 

MS 

Starting dose: 120 mg twice a 

day, orally, for 7 days 

Maintenance dose after 7 days: 

240 mg twice a day, orally 

Flushing, abdominal pain, diarrhea, nausea  

Source: Respective prescribing information sheets for each DMT 
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Table 1.3 U.S. Food and Drug Administration-Approved Disease Modifying Therapies (DMTs) for Multiple Sclerosis (MS), 

Cont. 

Trade Name  

(Generic Name) 

Indication Dosage and Administration Most Common Adverse Reactions in 

Controlled Studies 

Intravenous infusion DMTs 

Tysabri®  

(Natalizumab) 

 

Approved: 2006 

Treatment of patients 

with relapsing forms of 

MS 

300 mg infused intravenously 

over one hour, every 4 weeks 

Headache, fatigue, arthralgia, urinary tract 

infection, lower respiratory tract infection, 

gastroenteritis, vaginitis, depression, pain in 

extremity, abdominal discomfort, diarrhea 

NOS, and rash  

Novantrone® 

(Mitoxantrone) 

 

Approved: 2000 

Treatment of patients 

with secondary 

progressive, progressive 

relapsing, or worsening 

relapsing-remitting MS 

12 mg/m
2
 given as a short 

(approximately 5 to 15 

minutes) intravenous infusion 

every 3 months  

Temporary blue discoloration of sclera and 

urine, nausea, alopecia, menstrual disorders 

including amenorrhea and infertility, upper 

respiratory tract infection, urinary tract 

infection, stomatitis, arrhythmia, diarrhea, 

ECG abnormal, constipation, back pain, 

sinusitis, and headache 

Lemtrada® 

(Alemtuzumab)  

 

Approved: 2014 

Treatment of patients 

with relapsing forms of 

MS 

Intravenous infusion over 4 

hours for 2 treatment courses:  

First course—12 mg/day on 5 

consecutive days 

Second course—12 mg/day 

on 3 consecutive days 12 

months after first treatment 

course 

Rash, headache, pyrexia, nasopharyngitis, 

nausea, urinary tract infection, fatigue, 

insomnia, upper respiratory tract infection, 

herpes viral infection, urticarial, thyroid 

gland disorders, fungal infection, arthralgia, 

extremity pain, diarrhea, sinusitis, 

oropharyngeal pain, paresthesia, dizziness, 

abdominal pain, flushing, and vomiting  

Source: Respective prescribing information sheets for each DMT  
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Interferons  

Several interferon preparations are available for the treatment of MS.  The first is 

interferon beta-1b, which was the first DMT approved for use in MS.  This drug is a 

cytokine (molecule that aids in cell to cell communication) that modulates immune 

responsiveness through various mechanisms (Kasper and Reder 2014).  

The efficacy of interferon beta-1b was demonstrated in a double-blinded, placebo-

controlled trial of 372 patients with RRMS (IFNB Multiple Sclerosis Study Group 1993).  

In this trial, patients were randomly assigned to treatment with interferon beta-1b 50 mcg 

every other day (low dose), treatment with interferon beta-1b 250 mcg every other day 

(high dose), or placebo.   Compared to the placebo group, the annualized relapse rate was 

significantly lower for both interferon beta-1b groups after the two years.  Specifically, 

the frequencies of relapses were 1.17 per year for the low dose group, 0.84 per year for 

the high dose group, and 1.27 per year for the placebo group.   At five-year follow-up, the 

incidence of disease progression was lower in the high dose interferon beta-1b group than 

in the placebo group (35 percent vs. 46 percent).  Furthermore, annualized relapse rate 

was 30 percent lower in the high dose interferon beta-1b group than in the placebo group 

over this time frame.  

Interferon beta-1b is currently being marketed as Betaseron® and is injected 

subcutaneously every other day (Betaseron® prescribing information 2015).  Interferons 

are associated with several side effects, including injection site reactions, mood 

disturbances, blood disorders, liver toxicity, flu-like symptoms, and thyroid disease.    

Also in the interferon family is interferon beta-1a, which comes in various 
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formulations, including intramuscular, subcutaneous, and pegylated preparations.  In a 

two-year randomized, double-blinded study comparing the efficacy of weekly 

intramuscular interferon beta-1a (30 mcg) to placebo, patients in the treatment group 

produced a significant delay in time to sustained disability progression of at least 1.0 

point on the Kurtzke Expanded Disability Status Scale (EDSS) (primary endpoint) 

(Jacobs et al. 1996).  Specifically, the proportion of patients progressing by the end of 

104 weeks was 34.9 percent in the placebo group and 21.9 percent in the treatment group 

(p=0.02).  Furthermore, annualized relapsed rates were significantly lower for the 

treatment group (0.61 for interferon beta-1a vs. 0.90 for placebo, p=0.002).  

Intramuscular interferon beta-1a is currently being marketed as Avonex®, which is 

administered once a week (Avonex® prescribing information 2015).   

In the two-year, double-blinded, randomized Prevention of Relapses and 

disability by Interferon beta-1a Subcutaneously in Multiple Sclerosis (PRISMS) trial 

(PRISMS Study Group 1998), patients were randomly assigned to placebo, 22 mcg or 44 

mcg of subcutaneous interferon beta-1a administered three times per week.  Compared to 

placebo, treatment with 22 or 44 mcg subcutaneous interferon beta-1a was associated 

with significant reduction in the mean number of relapses over the study period.  

Specifically, the percentage reductions for the 22 mcg and 44 mcg groups against placebo 

were 27 percent (CI: 14-39%) and 33 percent (CI: 12-44%), respectively.  Furthermore, 

the median time to first relapse was delayed by three and five months in the 22 mcg and 

44 mcg groups, respectively.  Subcutaneous interferon beta-1a is currently being 

marketed as Rebif®, which is administered subcutaneously three times per week (Rebif® 
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prescribing information 2015).   

In 2014, the U.S. FDA approved peginterferon (or pegylated) beta-1a (Plegridy®) 

for patients with relapsing forms of MS.   While peginterferon beta-1a belongs to the 

same class as the previously approved interferons, it provides the benefit of a less 

frequent injection schedule.  Peginterferon b-1a is administered subcutaneously every 

two weeks (Plegridy® prescribing information 2015).   Peginterferon beta-1a is a 

“pegylated” form of interferon, which means that polyethelene glycol is attached to the 

interferon molecules (Kieseier and Calabresi 2012).  As result, the biologic effects of the 

medication are sustained in the body for a longer period of time and subsequently 

requires a reduced dosing frequency (Kieseir and Calebresi 2012; Oh and Calabresi 

2013).   

In the two-year, double-blinded, Pegylated Interferon Beta-1a for Relapsing-

Remitting Multiple Sclerosis (ADVANCE) trial, patients were randomized to placebo 

(n=500) or 125 mcg peginterferon every two weeks (n=512) or every four weeks (n=500) 

(Calabresi et al. 2014).   At 48 weeks, annualized relapse rates for placebo, peginterferon 

every two weeks and every four weeks were 0.397 (CI: 0.328-0.481), 0.256 (CI: 0.0206-

0.318), and 0.288 (CI: 0.234-0.355), respectively.  Patients treated with peginterferon 

also experienced statistically significant improvements in sustained disability progression 

and reduction in several MRI measures of brain lesion activity.  

Similar to other interferons, pegylated interferon beta-1a is associated with 

adverse reactions, including injection site reactions and pain, flu-like symptoms, fever, 

headache, muscle pain, chills, weakness, and joint pain.  
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Glatiramer Acetate 

Glatiramer acetate is another drug that is often used as a first-line therapy.   This 

DMT is a mixture of random polymers of four amino acids, which is antigenically similar 

to myelin basic protein (a component of the myelin sheath) (Arnon 1996).  Glatiramer 

acetate works by simulating myelin.  

In a two-year, double-blinded, placebo-controlled phase III trial, patients were 

randomized to placebo (n=126) or copolymer 1 (glatiramer acetate) (n=125) (Johnson et 

al. 1995).  At two years, patients receiving glatiramer acetate reduced their annualized 

relapse rate 29 percent more than placebo (p=0.007).   Furthermore, significantly more 

patients receiving glatiramer acetate improved on disability progression, while 

significantly more patients receiving placebo worsened (p=0.037).  

Glatiramer acetate is currently marketed as Copaxone®, which is administered by 

subcutaneous injection (20 mg/mL per day or 40 mg/ML three times per week) 

(Copaxone® prescribing information 2014).  Side effects include injection site reactions, 

vasodilation, rash, dyspnea, and chest pain.  

Fingolimod 

Fingolimod is the first oral DMT available for MS patients and belongs to a class 

of medications called a sphingosine 1-phosphate receptor modulator (Cohen and Chun 

2011).  It is believed that fingolimod prevents the exit of lymphocytes (a type of white 

blood cell) from the lymph nodes.  As a result, the lymphocytes are unable to penetrate 

the blood-brain barrier, which subsequently reduces the risk of inflammatory damage to 

nerve cells in the CNS.   
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In the two-year Fingolimod Research Evaluating Effects of Daily Oral Therapy in 

Multiple Sclerosis (FREEDOMS) trial, 1,272 patients with RRMS were randomly 

assigned to 0.5 mg daily fingolimod, 1.25 mg daily fingolimod, or placebo (Kappos et al. 

2010).  Compared to placebo, patients in the low- and high-dose fingolimod groups 

experienced reduced annualized relapse rates (0.40 [CI: 0.34-0.47] for placebo vs. 0.18 

[CI: 0.15-0.22] for 0.5 mg and 0.16 [0.13-0.19] for 1.25 mg; p<0.001 for both 

comparisons to placebo) and significantly reduced risks of sustained disability 

progression and new lesions on brain MRI.  Furthermore, long-term treatment with 

fingolimod was associated with reduced relapse rates and disability progression in the 

open-label FREEDOMS extension trial (Kappos et al. 2015).   

Fingolimod is currently marketed as Gilenya® (0.5 mg), which is administered 

daily (Gilenya® prescribing information 2015).  Side effects of fingolimod include 

headache, influenza, diarrhea, back pain, elevated hepatic enzymes, cough, bradycardia 

during first dose, macular edema, lymphopenia, and bronchitis/pneumonia.  

Teriflunomide 

Teriflunomide is a pyrimidine synthesis inhibitor, which inhibits the function of 

certain immune cells thought to be associated with the progression of MS (Zeyda et al. 

2005).  More specifically, teriflunomide inhibits a key enzyme required by lymphocytes.  

As a result, the proliferation of T and B immune cells that are active in MS are reduced.  

In a two-year clinical trial of 1,088 patients with RRMS, patients were assigned to 

either 7 mg of once daily teriflunomide, 14 mg of once daily teriflunomide, or placebo 

(O’Connor et al. 2011).  The annualized relapse rate was significantly lower for 



   

28 

teriflunomide at either 7 or 14 mg compared to placebo (0.54 [CI: 0.47-0.62] for placebo 

vs. 0.37 [0.32-0.43] for teriflunomide 7 mg and 0.37 [CI: 0.31-0.44] for teriflunomide 14 

mg; p<0.001 for both comparisons to placebo). Furthermore, patients receiving 

teriflunomide at either doses significantly improved several MRI measures of disease 

activity (e.g., volume of lesions) compared to placebo.  

Teriflunomide is currently marketed as Aubagio® (7 mg or 14 mg), which is 

administered every day (Aubagio® prescribing information 2014).  Side effects include 

increased alanine aminotransferase (ALT), alopecia, diarrhea, influenza, nausea, and 

paresthesia.   

Dimethyl fumarate  

 Dimethyl fumarate, formally known as BG-12, is an oral treatment for patients 

with RRMS.  The mechanism by which dimethyl fumarate exerts its therapeutic effect in 

patients with MS is not well understood; however, this DMT has neuroprotective and 

immunomodulatory properties.   

 In the two-year Comparator and an Oral Fumarate in Relapsing-Remitting 

Multiple Sclerosis (CONFIRM) trial, 1,400 patients with RRMS were randomly assigned 

to either oral BG-12 at 480 mg daily in two divided doses, BG-12 at 720 mg daily in 

three divided doses, subcutaneous glatiramer acetate 20 mg daily, or placebo (Fox et al. 

2012).   Compared to placebo, patients in all three treatment groups (i.e., low dose BG12, 

high dose BG12, glatiramer acetate) experienced significantly lower annualized relapse 

rate (0.22, 0.20, and 0.29, respectively, compared to 0.40 for placebo) and a reduced 

number of new or enlarging brain lesions on MRI.  Post-hoc analyses found no 
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significant differences in these outcomes between patients receiving BG12 versus 

glatiramer acetate.  

 Similar results were found in the two-year Determination of the Efficacy and 

Safety of Oral Fumarate in Relapsing-Remitting MS (DEFINE) trial (Gold et al. 2012), 

which randomly assigned 1,200 patients with RRMS to BG-12 at 480 mg daily in two 

divided doses, BG-12 at 720 mg daily in three divided doses, or placebo.   Compared to 

placebo, patients in the low- and high-dose BG-12 groups experienced significantly 

reduced annualized relapse rate (0.17 [CI: 0.14-0.21] and 0.19 [CI: 0.15-0.23], versus 

0.36 [CI: 0.30-0.44] for placebo) and lower proportions of patients with disability 

progression (16% and 18%, versus 27% for placebo).   

 Teriflunomide is currently marketed as Tecfidera® (240 mg), which is 

administered orally twice daily (Tecfidera® prescribing information 2015).  Side effects 

include flushing, GI symptoms (e.g., abdominal pain, diarrhea, and nausea), pruritis, rash, 

and erythema.  

Natalizumab  

Natalizumab is a humanized monoclonal antibody from the selective adhesion 

molecule inhibitor class (Hutchinson 2007).  Natalizumab works by inhibiting potentially 

damaging immune cells in the blood stream from crossing the blood-brain barrier.  

In a two-year, randomized, placebo-controlled phase III clinical trial, patients 

were randomized to placebo (N=315) or natalizumab (300 mg intravenously infused 

every 4 weeks (n=627) (Polman et al. 2006).  At year one, patients receiving natalizumab 

reduced the annualized relapse rate to 0.26 (CI: 0.21-0.32) per year compared to 0.81 (CI: 



   

30 

0.67-0.97) per year in the placebo group (p<0.001).  At two years, the mean number of 

lesions in the natalizumab and placebo groups were 1.9±9.2 and 11.0±15.7, respectively 

(p<0.001).    

Natalizumab is currently marketed as Tysabri® and is administered by 

intravenous infusion once a month (Tysabri® prescribing information).  Side effects 

include headache, fatigue, urinary tract infection, lower respiratory tract infection, 

arthralgia, urticaria, gastroenteritis, vaginitis, depression, and diarrhea.  

Mitoxantrone  

Mitoxantrone is an antineoplastic immunosuppressive agent that was first used to 

treat certain cancers prior to being approved for use in patients with MS (Kieseier 2010).  

In MS patients, mitoxantrone suppresses the activity of T cells, B cells, and macrophages 

(Fox 2006).  Mitoxantrone is the first approved DMT for worsening forms of MS, 

particularly for patients with worsening RRMS or those who present with early SPMS 

(Fox 2006).  

In the two-year, double-blind, phase III Mitoxantrone in Multiple Sclerosis study 

(Hartung et al. 2002), patients with worsening RRMS or SPMS were randomly assigned 

to placebo or mitoxantrone (5 mg/m
2
 or 12 mg/m

2
 administered by intravenous infusion 

every three months for two years).  The primary end point, disease progression, was a 

composite measure of changes in baseline EDSS score, ambulatory index, neurologic 

status, number of relapses treated with corticosteroids, and time to first relapse.  

Compared to placebo, patients who received the high dose of mitoxantrone experienced 

significant improvements in the composite measure (p<0.001) and in the individual 
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components (p=0.031).  Patients who received the low dose of mitoxantrone also 

experienced significant improvements in the composite measure compared to placebo 

(p=0.005).  In years 1 and 2, the annualized relapsed rates were 63 percent (p<0.001) and 

68 percent (p<0.001) lower for the high dose mitoxantrone group compared to placebo.  

Mitoxantrone is currently marketed as Novantrone® and is administered by 

intravenous infusion once every three months for two to three years (Novantrone® 

prescribing information 2012).  Side effects include temporary blue discoloration of 

sclera and urine, nausea, alopecia, menstrual disorders including amenorrhea and 

infertility, infections (URI, UTI, stomatitis), and cardiac toxicity (arrhythmia, abnormal 

EKG, congestive heart failure).  

Alemtuzumab  

 Alemtuzumab is a humanized monoclonal antibody that works by depleting 

CD52-expressing T cells, natural killer cells, and monocytes (Hartung, Aktas, and Boyko 

2015).   

 In the two-year, rater-blinded Comparison of Alemtuzumab and Rebif Efficacy in 

Multiple Sclerosis I (CARE-MS I) trial (Cohen et al. 2012), 550 patients with RRMS, 

low disability levels, and no prior DMT use were randomly assigned to either 

alemtuzumab (infused intravenously at 12 mg daily for five days at the start of treatment 

and for three days at 12 months) or subcutaneous interferon beta-1a (44 mcg three times 

per week).  Compared to subcutaneous interferon beta-1a, patients receiving 

alemtuzumab had a lower proportion of patients with any relapse (22% vs. 40%, rate 

ratio: 0.45, CI: 0.23-0.63) and a lower annualized relapse rate (0.18 [CI: 0.13-0.23] vs. 
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0.39 [CI: 0.29-0.53]).  There were no significant differences in sustained accumulation of 

disability or in median change in volume of T2-hyperintense brain lesions between the 

two groups.  However, patients in the alemtuzumab group experienced significantly 

fewer new or enlarging T2-hyperintesive lesions and fewer gadolinium-enhancing 

lesions.  

 Alemtuzumab is currently marketed as Lemtrada® and is administered by 

intravenous infusion over four hours for two treatment courses: 1) first course of 12 

mg/day on five consecutive days and 2) second course of 12 mg/day on three consecutive 

days 12 months after first treatment course (Lemtrada® prescribing information 2014).   

 Side effects of alemtuzumab include tarry stools, blood in urine, chills, cough, 

diarrhea, dizziness, faintness, fast heartbeat, fever, headache, rash, nausea, difficult 

urination, pale skin, sore throat, sores, sweating, swollen glands, tightness in chest, 

trouble breathing, unusual bleeding, and unusual tiredness.  Due to the safety profile of 

alemtuzumab, the FDA recommends that this DMT be reserved for patients who 

inadequately respond to two or more other MS therapies.   

1.3.3 CLINICAL PRACTICE GUIDELINES FOR DISEASE MODIFYING THERAPIES 

 Given the expansion of treatment options for MS over the last decade, treatment 

decisions are becoming more complex.  Several factors must be considered in this 

treatment decision, including tolerability, efficacy/effectiveness, contraindications, 

patient preferences, adherence, and health plan coverage.  There is currently no 

consensus treatment algorithm available (Ziemssen et al. 2015); however, some 
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guidelines and recommendations from various groups have been published based on 

current clinical practice.  Figures 1.2 through 1.4 provide examples of currently published 

treatment algorithms for RRMS.  

 Many of the guidelines used in clinical practice are driven by labels and clinical 

trial data.  While there are variations in the recommendations, all of the guidelines tend to 

support the use of an interferon or glatiramer acetate as first-line therapy.   Interferon and 

glatiramer acetate are widely used as first-line therapies given that their efficacy and 

tolerability profiles are well established.  However, these DMTs often only demonstrate 

partial effectiveness.  Some patients may experience significant disease activity while on 

these DMTs, which suggests a need for an alternative treatment strategy (Olek, Gonzalez-

Scarano, and Dashe 2015).  As previously mentioned, the alternative treatment choice 

depends on a number of factors, including the risks/benefits of each option, which should 

be discussed between the clinician and patient.  Regardless of the choice of DMT, 

adherence is necessary to achieve optimal clinical benefit.  The next section provides an 

overview of adherence, specifically as it relates to DMTs.  
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Figure 1.2 UpToDate® Treatment Algorithm for Initial Disease Modifying Therapy 

(DMT) for Relapsing Remitting Multiple Sclerosis (RRMS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adapted from: Olek MJ, Gonzalez-Scarano F, Dashe JF. Treatment of relapsing-

remitting multiple sclerosis in adults. UpToDate. 2015. 
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Figure 1.3 UpToDate® Treatment Algorithm for Relapsing-Remitting MS (RRMS) that 

is Refractory to Initial Disease Modifying Therapy (DMT)  

 

Adapted from: Olek MJ, Gonzalez-Scarano F, Dashe JF. Treatment of relapsing-

remitting multiple sclerosis in adults. UpToDate. 2015. 
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Figure 1.4 Treatment Algorithm for First- and Second-Line Therapies Based on Their 

Use in Current Clinical Practice  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Adapted from: Ziemssen T, De Stefano N, Sormani MP, Van Wijmeersch, Wiendl H, 

Kieseir BC. Optimizing therapy early in multiple sclerosis: an evidence-based view. 

Multiple Sclerosis and Related Disorders. 2015;460-469.  
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1.4  Medication Adherence 

1.4.1 DEFINITION OF MEDICATION ADHERENCE 

The World Health Organization (WHO) defines adherence 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 health care provider” 

(Sabate 2003).   

Nonadherence may be intentional, such that a patient undergoes an active 

decision-making process and decides to forgo treatment or to not follow treatment 

recommendations as agreed upon with his or her healthcare provider (Gadkari and 

McHorney 2012).  In this decision-making process, patients typically weigh the pros and 

cons of the treatment.  For example, if a patient is taking a chronic medication and feels 

that he or she may develop dependency over time, he or she may decide to intentionally 

adjust his or her dose.  Similarly, if a patient feels that his or her medication is 

inconvenient to take in certain situations (e.g., social settings), he or she may decide to 

forgo treatment during those situations.   

Conversely, nonadherence may be unintentional whereby the patient forgoes 

medication as part of a passive process or due to an unplanned event.  For example, 

patients may be unintentionally nonadherent due to a complex medication regimen or due 

to disease-related symptoms (e.g., cognitive impairments) (Atkins and Fallowfield 2006). 
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1.4.2 METHODS FOR MEASURING ADHERENCE  

 

There are a variety of methods available to measure medication adherence, 

including both direct and indirect measurement methods.  Direct measurement methods 

include directly observed therapy, drug levels or metabolites in blood, and blood 

biomarkers (Osterberg and Blaschke 2005).  Indirect measurement methods include 

patient self-reports, pill counts, prescription refill rates, patient clinical response, 

electronic medication monitors, patient diaries, and physiologic markers (Osterberg and 

Blaschke 2005).  In the MS literature, several methods have been used to measure 

adherence to DMTs.  The specific method utilized is often dependent on the study design, 

study purpose, and available resources.  Table 1.4 provides an overview of these 

methods.   
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Table 1.4. Methods for Measuring Adherence to Disease Modifying Therapies (DMTs) in Patients with Multiple Sclerosis 

Measure Description Strength Weakness 

Cross-sectional, Randomized Controlled, and Prospective Observational Studies 

Multiple Sclerosis 

Treatment 

Adherence 

Questionnaire 

(MS-TAQ)  

Self-reported questionnaire capturing 

missed doses in past 28 days, DMT 

adherence barriers, side effects, and coping 

strategies 

Comprehensively 

captures patients’ 

medication-taking 

behavior 

Long recall period; 

Length of MS-TAQ may 

result in respondent 

burden  

Medication Event 

Monitoring 

System (MEMS)  

Needle disposal bottles with MEMS caps 

electronically captures adherence (e.g., 

percentage of days not covered by DMT) 

Objective; Good 

reliability and validity; 

Accurate; captures exact 

day/time for each needle 

disposal 

Manipulate adherence 

level; expensive; bulky 

Adherence diary  Patient records date and time of each 

injection over a period of time (e.g., one 

month) in a diary (e.g. calendar style diary) 

No need to recall over the 

past month; Provides date 

and time of each injection 

Time 

consuming/burdensome; 

manipulate adherence 

level  

Auto injection 

device  

Auto injection device electronically logs 

each injection (≥80% of scheduled 

injections considered adherent) 

No recall; objectively and 

accurately records 

adherence 

Not available for all 

DMTs  
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Table 1.4. Methods for Measuring Adherence to Disease Modifying Therapies (DMTs) in Patients with Multiple Sclerosis, 

Cont. 

Measure Description Strength Weakness 

Cross-sectional, Randomized Controlled, and Prospective Observational Studies 

Morisky 4-item 

Medication 

Adherence Scale 

(MMAS-4)  

Self-reported medication-taking behavior 

questionnaire: 1) do you ever forget to take 

your medicine?; 2) are you careless at 

times about taking your medicine?; 3) 

when you feel better do you sometimes 

stop taking your medicine?; 4) Sometimes 

if you feel worse when you take your 

medicine, do you stop taking it?  

Short/low response 

burden; Determine 

specific cause of non-

adherence (e.g., 

forgetting); Evidence of 

reliability and validity  

Only captures a few 

potential reasons for 

non-adherence 

Missed Dose Ratio 

(MDR)/percentage 

adherence  

The number of administered or missed 

doses, divided by the number of scheduled 

doses in a time period (e.g. past 4 weeks) 

Provides a quantifiable 

estimate of 

nonadherence; easy to 

calculate 

Long recall period 

Patient self-report 

item(s)  

Patients asked if they missed any dose in 

the past week for any reason.  Typically 

considered non-adherent if any dose 

missed.  

Simple; inexpensive; 

easy to administer 

Recall error/bias; may 

underestimate non-

adherence 
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Table 1.4. Methods for Measuring Adherence to Disease Modifying Therapies (DMTs) in Patients with Multiple Sclerosis, 

Cont. 

Measure Description Strength Weakness 

Retrospective Database Studies 

Medication 

Possession Ratio 

(MPR)  

Total number of days of DMT supplied 

within the refill interval, divided by the 

number of days in the refill interval 

Data available from 

claims databases; may 

compare across studies 

Formulas may vary 

across studies; Only 

measures that 

prescription 

filled/refilled; assumes 

patient took DMT 

Proportion of 

Days Covered 

(PDC)  

Total number of days DMT available, 

divided by days in the follow-up period 

Data available from 

claims databases; may 

compare across studies 

Only measures that 

prescription 

filled/refilled; assumes 

patient took DMT 
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1.4.3 ADHERENCE TO DISEASE MODIFYING THERAPIES 

Across most disease states, medication adherence remains a complex and costly 

issue for patients, providers, and the healthcare system, and this is no exception for MS.  

Existing studies suggest that adherence to DMT among MS patients is not optimal with 

rates ranging between 41 percent and 88 percent (Menzin et al. 2013).  It is important to 

note that this wide variability may be due to the specific DMT assessed and the study 

design (Menzin et al. 2013).   

Differences in adherence rates by specific DMT 

In a review by Menzin and colleagues (2013), adherence rates tended to be higher 

for intramuscular interferon beta-1a (69.4%) and subcutaneous interferon beta-1a 

(63.8%) than for subcutaneous interferon beta-1b (58.4%) and glatiramer acetate 

(56.8%).  However, it is unclear if the differences in these adherence rates averaged 

across multiple studies are statistically significant and clinically meaningful.  Several 

individual studies have reported statistically significant differences in adherence rates by 

DMT.  Among those that only evaluated injectable DMTs, four studies showed that 

patients treated with intramuscular interferon beta-1a had statistically higher adherence 

rates than patients treated with subcutaneous interferon beta-1a, subcutaneous interferon 

beta-1b, or glatiramer acetate (Reynolds et al. 2010; Devonshire et al. 2011; Halpern et 

al. 2011; Wicks et al. 2011).  An additional study found adherence rates to be higher for 

intramuscular interferon beta-1a than for subcutaneous interferon beta-1a and glatiramer 
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acetate; however, these differences were not sustained at two-year follow-up (Arroyo et 

al. 2011). 

Glanz et al. (2014) evaluated adherence to injectable DMTs and natalizumab (an 

intravenous infusion DMT).  The rate of complete adherence (not missing any doses in 

the past 4 weeks) was 52.8 percent for glatiramer acetate, 77.3 percent subcutaneous 

interferon beta-1a, 93.2 percent for intramuscular interferon beta-1a, and 96.9 percent for 

natalizumab.  In this analysis, treatments with a greater number of doses per month had 

lower rates of complete adherence.   

Halpern et al. (2011b) conducted a retrospective analysis of adherence to 

injectable and intravenous infusion DMTs.   The percent of patients adherent (MPR 

≥0.80) was significantly greater (p<0.01) for patients treated with natalizumab (infusion) 

(74.7%) than for patients treated with intramuscular interferon beta-1a (60.3%), 

subcutaneous interferon beta-1a (64.4%), interferon beta-1b (55.6%), or glatiramer 

acetate (60.3%).  Natalizumab is likely to have higher adherence rates because it is 

typically only administered once a month and in a physician’s office or infusion center.   

Two studies compared adherence between injectable and oral DMTs.  Agashivala 

et al. (2013) found that the mean PDC was significantly greater (p<0.01) for patients 

treated with fingolimod (oral) (0.80±0.23) than for interferon beta-1b (0.65±0.31), 

intramuscular interferon beta-1a (0.72±0.30), subcutaneous interferon beta-1a 

(0.67±0.31), or glatiramer acetate (0.72±0.29).  Similar results were found when 

adherence was calculated by MPR; however, not all differences were statistically 

significant.  The mean MPR was greater for patients treated with fingolimod (0.90±0.09) 
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than for interferon beta-1b (0.86±0.17, p<0.01), intramuscular interferon beta-1a 

(0.88±0.16, p<0.05), subcutaneous interferon beta-1a (0.88±0.31, p<0.06), or glatiramer 

acetate (0.89±0.15, p=0.18).   

Bergvall et al. (2014) also found that a higher proportion of patients receiving 

fingolimod were more adherent than patients receiving injectable or intravenous DMTs.  

In multivariate adjusted analyses, the risk of being non-adherent (MPR<80%) to 

glatiramer acetate, an interferon, or natalizumab was 1.9 to 2.9 fold higher than 

fingolimod [odds ratio vs. fingolimod (95% CI): glatiramer acetate=2.30 (1.60-3.30), 

p<0.0001; interferon=2.12 (1.48-3.04), p<0.0001; natalizumab=1.88 (1.16-3.05), 

p=0.0103].  These findings were similar when adherence rates were calculated by PDC.  

Patients treated with glatiramer acetate or an interferon had a 1.4 to 1.8 fold increased 

risk of being non-adherent (PDC<80%) than patients treated with fingolimod [odds ratio 

vs. fingolimod (95% CI): glatiramer acetate=1.76 (1.30-2.38), p=0.0002; interferon=1.52 

(1.13-2.06), p=0.0060; natalizumab=1.36 (0.89-2.08), p=0.1534].   

Differences in adherence rates by study design  

When comparing DMT adherence rates by study type, adherence tends to be 

greater among studies utilizing a prospective study design than in those with a 

retrospective study design.  After weighting studies by sample size, Menzin and 

colleagues (2013) found that mean adherence rates in prospective (n=16) and 

retrospective studies (n=4) were 72.8 percent and 53.1 percent, respectively.  This may be 

due to the fact that most of the prospective studies used a self-reported measure of 

adherence (e.g., how many doses did you miss in the past 4 weeks?).  In these studies, it 
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is may be that the adherence rates are overestimates of actual adherence due to social 

desirability.  

1.4.4 IMPACT OF NONADHERENCE 

There is a signficant need to address poor adherence in patients with MS due to its 

negative impact on economic, clinical, and humanistic outcomes.   

Economic Impact 

On average, adherent patients incur lower medical costs than nonadherent patients 

(mean=$3,380, 95% CI: $3,046-$3,750 vs. mean=$4,348, 95% CI: $3,828-$4,940, 

p=0.003) (Tan et al. 2011).
 

Steinberg and colleagues (2010) conducted a non-experiemental, retrospective 

cohort study using pharmacy and medical claims data from a Pharmacy Benefit 

Management company with a speciality component to assess the impact of adherence to 

interferons (interferon beta-1a and interferon beta-1b) on healthcare resource utilization.   

The sample (n=1,606) was categorized as adherent (MPR≥85%)  or nonadherent 

(MPR<85%).   During the study period (2006-2008), adherent patients tended to have a 

lower risk for an inpatient hospital admission, emergency room (ER) visit, and physician 

office visit; however, these trends were not statistically signficant for every year.  Patient 

adherence in 2007 was associated with a 21 percent lower risk of inpatient admisions in 

2008 (OR: 0.79, CI: 0.65-0.98, p<0.05).  Similarly, patient adherence in 2007 was 

associated with a 22 percent lower risk of ER visits in 2007 (OR: 0.78, CI: 0.61-0.99, 

p<0.05).   Patient adherence in 2006 was associated with a 26 percent reduction in having 
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at least three physican office visits in 2008 (OR: 0.74, CI: 0.60-0.94, p<0.05) and a 16 

percent reduction in having at least three physician office visits over the three-year study 

period (OR: 0.84, CI: 0.72-0.97, p<0.05).  Patient adherence in 2007 was associated with 

a 10 percent reduction in having at least one physician office visit in 2007 (OR: 0.90, CI: 

0.81-0.99, p<0.05).  Interestingly, patient adherence in 2008 was associated with a 22 

percent increased risk of having at least three office visits in 2008 (OR: 1.22, CI: 1.01-

1.47, p<0.05) and a 16 percent increased risk of having at least three office visits over the 

three-year study period (OR: 1.16, CI: 1.02-1.32, p<0.05).   

Ivanova and colleagues (2012) assessed the impact of adherence to glatiramer 

acetate, interferon beta-1a, interferon beta-b, and natalizumab on total direct and indirect 

costs over a two year period.  The researchers utilized the Ingenix Employer Solutions 

database (1999-2007), a privately-insured claims database covering over 6 million 

beneficiaries (employees, spouses and dependents) from 23 U.S. companies.  The sample 

(n=648) was categorized as adherent (MPR>=80%) or nonadherent (MPR<80%).   

During the study period, total costs (excluding DMTs) were lower for adherent patients 

than nonadherent patients (adherent=$14,095±$8,693 vs nonadherent=$16,638±$10,262, 

p=0.0475).  Adherent patients tended to have lower direct costs (excluding DMTs); 

however, this difference (-$1,564) was not statistically signficant.   In terms of indirect 

costs, adherent patients experienced signficantly less burden (adherent=$3,411±$3,577 vs 

nonadherent=$4,575±4,797, p=0.0240).   

Tan and colleagues (2011) assessed the impact of adherence to interferon beta-1a, 

interferon beta-1b, and glatiramer acetate on MS-related hospitalizations, ER visits, and 
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medical costs over a 12-month post-index period.  The researchers utilized pharmacy and 

medical claims data from the HealthCore Integrated Research Database (2004-2008), 

which includes commercial health plans in the U.S that provide coverage for 

approximately 32 million beneficiaries.  The sample (n=2,446) was categorized as 

adherent (MPR≥80%) or nonadherent (MPR<80%).  During the 12-month post-index 

period, adherent patients experienced a 37 percent lower risk of an MS-related 

hospitalization (OR: 0.63, CI: 0.47-0.83).  A similar trend (lower risk with greater 

adherence) was found for MS-related ER visits; however, this finding was not 

statistically signficant.  After adjusting for baseline differences and demographic 

characteristics, patients in the adherent group had 22 percent lower MS-related medical 

costs than the nonadherent group during the 12-month post-index period (adherent mean: 

$3,380, CI: $3,046-$3,750 vs nonadherent mean: $4,348, CI: $3,828-$4,940, p=0.003).  

Clinical Impact 

In a retrospective cohort study using a U.S. administrative claims database, the 

rate of severe relapse during the two-year study period was lower for patients adherent 

(MPR≥80%) to DMT (i.e., glatiramer acetate, interferon beta-1a, interferon beta-1b, or 

natalizumab) than patients nonadherent to DMT (12.4% vs 19.9%, p=0.0127) (Ivanova, 

2012).  

In the retrospective cohort study by Steinberg and colleagues (2010), adherent 

patients (MPR≥85%) tended to have a lower risk of relapse over the 3 years than 

nonadherent patients.  A significantly lower was risk was found in 2006, such that patient 

adherence in 2006 was associated with an 11 percent lower risk of one or more relapses 
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in 2006 (OR: 0.89, CI: 0.81-0.97, p<0.05).  Patient adherence in 2007 was associated 

with a 32 percent lower risk of 3 or more relapses in 2008 (OR: 0.68, CI: 0.47-0.99, 

p<0.05).  Steinberg also conducted a sensitivity analysis to assess the impact of 

stratifying by varying adherence thresholds.  The risk of relapse tended to increase with 

lower adherence levels: MPR<80% (OR: 1.03, CI: 0.97-1.08), MPR<75% (OR: 1.03, CI: 

0.97-1.09), MPR<70% (OR: 1.12, CI: 1.03-1.12, p<0.05), MPR<65% (OR: 1.10, CI: 

1.02-1.18, p<0.05), MPR<60% (OR: 1.13, CI: 1.03-1.24, p<0.05).   

In a cross-sectional, multicenter study conducted in Spain, Saiz and colleagues 

(2015) used the MMAS-4 to assess adherence to glatiramer acetate, interferon beta-1b, 

and interferon beta-1a.   Patients categorized as adherent tended to have lower disability 

scores as measured by the EDSS (p=0.456); however, causation cannot be inferred since 

the relationship between variables was representative of just one point in time.  

 Finally, Cerghet et al. (2010) found that patients with MS who did not adhere to 

their treatment had worse mental health and were more likely to be unemployed and 

disabled.  Poor adherence is also significantly associated with increased fatigue (r=0.29, 

p<0.05) and anxiety (r=0.38, p<0.01) (Bruce et al. 2010).  

Humanistic Impact 

 MS often results in several tertiary symptoms such as lower quality of life, 

vocational issues (i.e., inability to perform-job related functions), and negatively 

impacted social relationship with co-workers, friends and family (Schapiro 1997; 

Devonshire et al. 2011).  In the Global Adherence Project (GAP), an observational, 

multicenter, multinational study, Devonshire and colleagues (2011) assessed adherence to 
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interferon beta-1a, interferon beta-1b, and glatiramer acetate among 2,648 patients.  

Adherence was measured using a patient self-reported questionnaire and defined as not 

missing a single DMT injection within the 4 weeks before the study.  In the study, the 

researchers assessed quality of life using the MS International Quality of Life (MusiQoL) 

questionnaire.   On average, adherent patients had better quality of life scores on all nine 

dimensions of the MusiQoL.  Significant differences (favoring adherent patients) were 

found on the physical well-being (p<0.0001), symptoms (p=0.0021), relationship with 

family (p<0.0001), relationship with healthcare system (p<0.0008), sentimental and 

sexual life dimensions (p=0.0068), and activities of daily living (p=0.0021).  

1.4.5 CAUSES OF MEDICATION NONADHERENCE 

As previously mentioned, medication nonadherence may be unintentional or 

intentional.  In some instances, patients may experience both types of nonadherence. 

Whether intentional or unintentional, the underlying cause of nonadherence is typically 

multifactorial.  Patients may experience a myriad of barriers or challenges that may 

prevent them from achieving optimal adherence.  

The majority of MS patients is treated with injectable DMTs.  With injectable 

DMTs, patients may experience a number of challenges, including injection anxiety 

(Treadaway, Cutter, and Salter 2009; Devonshire et al. 2010; Arroyo et al. 2011; Ozura, 

Kovac, and Sega 2013; Di Battista et al. 2014), weariness (Treadaway et al. 2009; 

Devonshire et al. 2010; Arroyo et al. 2011; De Seze, Borgei, and Brudon 2012; Ozura et 

al. 2013; Di Battista et al. 2014), inconvenience (Treadaway et al. 2009; Di Battista 2014 
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et al.),
 
and side effects (Treadaway et al. 2009; Devonshire et al. 2010; Devonshire et al. 

2011; Arroyo et al. 2011; Fernandez et al. 2012; Ozura et al. 2013; Bergvall et al. 2014; 

Di Battista et al. 2014).  In MS, it has been reported that as many as 50 percent of patients 

may have difficulty with self-injections, with injection anxiety being one of the greatest 

barriers (Mohr et al. 2001).  Some patients may even rely on others to inject their DMT, 

which may present a problem if no one is available to assist the patient.  Not surprisingly, 

lack of help with injecting was reported as a barrier to adherence in several studies 

(Treadaway et al. 2009; Devonshire et al. 2010; Arroyo et al. 2011; Fernandez et al. 

2012; Di Battista et al. 2014).     Fortunately, injection anxiety is a modifiable barrier.  In 

a six-session cognitive-behavioral therapy intervention, MS patients with injection 

anxiety or injection phobia were able to significantly improve their ability to self-inject 

(Mohr et al. 2001; Mohr et al. 2002).   

Some patients may become weary of injecting their DMT (Treadaway et al. 2009; 

Devonshire et al. 2010; Arroyo et al. 2011; Ozura et al. 2013; Di Battista et al. 2014).   

Like any chronic disease, patients with MS must consistently adhere to their medication 

to receive optimal clinical benefit.  However, injectable DMTs may be inconvenient for 

some patients, and patients may lack the motivation to inject, especially in social 

situations (Bruce, Hancock, and Lynch 2010; Fernandez et al. 2012; Ozura et al. 2013). 

Furthermore, DMTs are indicated to reduce the number and severity of relapses rather 

than disease-related symptoms (e.g., fatigue); thus, patients may not immediately 

experience the effectiveness of their DMT like he or she would if taking a medication to 

relieve symptoms. 
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The frequency of administration for DMTs ranges from twice a day (for oral 

dimethyl fumarate) to once every three months (for intravenous mitoxantrone) (Costello 

et al. 2014).  Studies have shown that frequency of administration may significantly 

impact medication adherence
 
(Srivastava et al. 2013).  In a meta-analysis evaluating the 

impact of dosing frequency on adherence to oral therapies across acute and chronic 

disease states, once-daily (OD) dosing was associated with significantly higher  

adherence rates compared with twice-daily (BID) (seven studies, OR 2.20, 95% CI: 1.09-

4.41, P=0.027) (Srivastava et al. 2013). 
 

On average, oral DMTs need to be administered more frequently (once to twice 

daily) than the injectable (once daily to three times a week) and intravenous (once every 

28 days to once every three months) DMTs; however, several factors (e.g., route and 

frequency of administration, side effects, convenience, effectiveness) may impact 

patients’ preferences for a specific DMT.  In a choice-based conjoint analysis evaluating 

patient preference with regard to route of administration (pill and injection), treatment 

frequency (one monthly, one weekly, one daily, three daily), frequency of flu-like or 

gastrointestinal side effects (two days monthly and seven days monthly), treatment 

frequency and route of administration showed stronger influences on patient preference 

compared with frequency of side effects (Utz et al. 2014).  Furthermore, when treatment 

frequency and side effects were held constant, 93 percent of patients preferred oral over 

injectable DMTs (Utz et al. 2014).  It is possible that patients’ preferences for a DMT 

with a specific route and frequency of administration may translate into increased 
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satisfaction and downstream adherence.  However, empirical evidence is needed to 

support this hypothesis.  

With all DMTs, patients may experience side effects, which may ultimately 

impact adherence (Treadaway et al. 2009; Bruce et al. 2010; Devonshire et al. 2010; 

Devonshire et al. 2011; Arroyo et al. 2011; Lugaresi et al. 2012; Ozura et al. 2013; 

Bergvall et al. 2014; Di Battista et al. 2014).  For injectable DMTs, injection-site 

reactions, injection-site pain, flu-like symptoms, and rashes are common.  For oral 

DMTs, patients may experience gastrointestinal symptoms (e.g., abdominal pain, 

diarrhea, nausea), headaches, and back pain.  Many patients have adopted coping 

strategies (e.g., use of ice or heat pack prior to injections, oral medications or ointments 

for pain relief and swelling, massages) to manage the side effects associated with 

injectable DMTs (Wicks et al. 2011).  Additional research is needed to understand the 

coping strategies for side effects associated with oral DMTs.  Nevertheless, tolerability of 

side effects may be an issue for some patients, which may result in poor adherence.   

 As previously mentioned, patients with MS may experience a myriad of physical, 

mental, and psychological symptoms, including fatigue, depression, weakness, and 

cognitive impairment (e.g., memory).   Fatigue is one the most common symptoms of 

MS, affecting about 80 percent of patients (National MS Society).  Fatigue, along with 

other physical functioning problems (e.g., poor hand-eye coordination and tremors), may 

be an obstacle to self-care, especially for patients who must self-inject.  Forgetting to take 

the DMT was the most commonly reported disease-related barrier of adherence across the 

studies that were reviewed.  This may be due to cognitive changes, which affect 
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approximately half of all MS patients (National MS Society).  However, it is also 

possible that other factors—not related to patients’ cognitive functioning—may have led 

patients to forget to take their DMT (e.g., inconvenience, busy schedules).   

Time with MS is associated with adherence.  For example, Turner et al. (2007) 

found that more years with an MS diagnosis is associated with poorer adherence 

(OR=0.83, 95% CI: 0.72-0.96, p<0.05).  Devonshire et al. (2011) also found adherence 

decreased with increasing disease duration (OR=0.97, 95% CI: 0.96-0.99, p=0.0022). 

One explanation is that patients are likely to experience new or more exacerbated 

symptoms over time.  As a result of this worsening health (e.g., development of new or 

more severe physical symptoms) with duration of disease, patients may have a more 

difficult time adhering with their DMT regimen over time.  

Perceived benefit and effectiveness of DMTs are important factors to patients 

(Turner et al. 2007; De Seze et al. 2012).  In one study, a majority of patients (87.1%) 

indicated that they intended to continue their current treatment until a more effective 

option became available.  Furthermore, about half (49.5%) of patients totally agreed 

(based on a 5-point response scale: Totally agree, partly agree, no opinion, partly 

disagree, totally disagree) that their current treatment would help reduce relapses, 35.6 

percent agreed that it would slow disease progression, and approximately one-third of 

patients totally agreed that they lived better with their disease and felt more optimistic 

about it since starting therapy (De Seze et al. 2012).   

The majority of the time, medication effectiveness is reported in the literature in 

terms of clinical effectiveness, and the patients’ perspective is not included in this 
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evaluation.  It is possible that perceived effectiveness from the patients’ perspectives may 

translate to increased adherence.  However, additional research is needed to understand 

the link between perceived effectiveness and medication adherence.  Related to 

perceptions of effectiveness is perceived benefits.  In one study, perceived benefit of 

DMT was found to be a positive and significant predictor (p<0.05) of adherence at 

multiple time points (4 months and 6 months follow-up) (Turner et al. 2007).  

Ozura et al. (2013) looked at differences in “attitude” regarding disease and 

treatment between adherent and nonadherent groups, including beliefs in the causes of 

MS (i.e., genetic, autoimmune, infection, psychological), one’s influence on disease 

course, satisfaction with neurologist, and efficacy of alternative methods of treatment.  

However, none of these beliefs was significantly different between the two groups. 

Patients’ knowledge about their MS and treatment is also associated with DMT 

adherence.  In one study, adherence to DMT was significantly (p=0.035) associated with 

being well informed; however, only 42.6 percent and 34.7 percent of patients reported 

that they were well informed about their disease and treatment, respectively (De Seze et 

al. 2012).  

Patients with MS may experience significant financial burden.  Oleen-Burkey et 

al. (2012) found that the annual total direct and indirect cost per MS patient is $35,232. 

These costs are greater for patients who experience one or more relapses compared to 

those who are clinically stable ($38,458 versus $28,669, p=0.0004) (Oleen-Burkey et al. 

2012).  Prescription medications represent a significant expense for patients, which may 

not be fully covered by their insurance (Oleen-Burkey et al. 2012).  Since there is no cure 
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for MS, medications are necessary for long-term therapy, and patients often depend on 

their employers for assistance with the cost of medical coverage (Kinney and Steinmetz 

1994).   Not surprisingly, several studies have reported that the levels of co-payment and 

cost sharing are significant predictors of adherence (Lafata et al. 2008; Dor et al. 2010; 

Jones et al. 2013).   For example, Lafata et al. (2008) found that patients with lower 

copayment amounts were significantly (p<0.05) more likely to be adherent than 

nonadherent.  A few studies also reported that not picking up or refilling a DMT was a 

cause of nonadherence (Treadaway et al. 2009; Arroyo et al. 2011; Di Battista et al. 

2014), which might have been due to financial reasons.   

Finally, lack of interaction with healthcare providers may have a negative impact 

on MS patients (Arroyo et al. 2011; De Seze et al. 2012).  One study found that adherent 

MS patients met with their neurologist and nursing staff more frequently and regularly 

than nonadherent patients (Arroyo et al. 2011).  It is possible that patients who see their 

healthcare providers less frequently experience inadequate information sharing and 

inadequate education about utilization of medications (Lejbkowicz, Caspi, and Miller 

2012), which may impact their adherence.  

1.5  Summary  

MS is a chronic and debilitating disease that affects approximately 400,000 

people in the U.S. (National MS Society).  Common symptoms of MS include fatigue, 

weakness, spasticity, balance problems, tremors, and depression (Rumrill 2009).  

Although there is no cure for MS, there are many pharmacological options, such as 
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DMTs, to manage the condition.  However, poor adherence to DMTs is a significant 

issue in MS patients that may increase the number and severity of relapses and may result 

in more rapid progression of the disease (Ivanova et al. 2012). Understanding the factors 

associated with poor adherence may provide opportunities for the development of 

interventions and strategies to help patients overcome barriers.   

1.6  Significance 

The landscape for MS management has significantly changed over the last few 

decades.  Prior to the introduction of DMTs, care for MS patients focused on episodic 

and acute care.  The advent of DMTs for MS patients shifted treatment to early disease 

detection and modification.  Despite the availability of several effective treatment 

options, DMTs are specialty drugs that carry a substantial price tag. 

MS is one of the most expensive diagnoses for healthcare payers.  Some of the 

largest pharmacy benefit managers (PBMs) in the U.S. (i.e., Express Scripts, CVS 

Caremark, Prime Therapeutics, United Healthcare) report that MS is among their top 

therapeutic classes that drive drug expenditures and rises in costs (Optum, 2014).  MS 

pharmacotherapy is estimated to consume 1 in every 40 pharmacy benefit dollars (Ford, 

2015).  In a retrospective analysis of managed care data, the mean annual cost of treating 

MS in the U.S. in 2009 was $23,434 per patient with DMTs accounting for nearly 70 

percent of the total costs (Owens et al., 2013).  In a 2013 survey of cash prices for a one-

month supply of DMTs at retail pharmacies in the U.S., prices ranged from $4,430 to 
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$6,000 per month ($53,610 to $72,000 per year) (HealthlineNews, 2013).  Costs for all 

DMTs have increased sharply over the last decade.  

In addition to the high financial costs of DMTs, payers and patients are burdened 

with other direct and indirect costs, which could be potentially mitigated with high 

adherence.  For example, Yermakov et al. found that patients with higher adherence had 

lower healthcare resource utilization, fewer days of work loss, and lower direct and 

indirect costs (Yermakov et al., 2015).  Specifically, an increase in adherence by 10 

percentage points significantly decreased the likelihood of an inpatient or emergency 

room visit by 9 to 19 percent (p<0.01), days of work loss by 3 to 8 percent (p<0.01), and 

direct and indirect costs by 3 to 5 percent (p<0.01), depending on the follow-up period 

(Yermakov et al., 2015).   

Given the increasing trends in DMT price, the chronicity of the disease, and the 

evidence that poor adherence has a negative impact on clinical and economic outcomes, 

there is an urgent need to ensure that patients are adherent to their DMTs.   Specifically, 

research is needed to understand patients’ experiences with their DMTs and factors that 

affect their adherence to them, particularly those factors that may be modifiable.  This 

insight would enable PBMs, clinicians, researchers, and others to develop patient-

centered education and support programs aimed at helping patients overcome the barriers 

to medication adherence, which may improve clinical outcomes and lower downstream 

costs.  
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CHAPTER TWO:  CONCEPTUAL FRAMEWORK 

2.1  Theoretical Models and Adherence to DMT  

Several theoretical models from social psychology have been used to better 

understand and explain health-related behaviors, particularly at the individual level.  

Despite the heavy clinical, economic, and humanistic burden of nonadherence to DMTs 

in the MS population, few studies have used health behavioral theories to understand 

adherence to DMTs in patients with MS.  Only one peer-reviewed study was found that 

has utilized an established theoretical model—the Health Belief Model (HBM)—to 

explore the factors predictive of adherence to DMTs in MS patients (Turner et al. 2007).   

Health Belief Model  

The HBM was originally developed to understand the psychosocial factors 

impacting a person’s decision to undergo preventative screenings for early disease 

detection (Rosenstock, Strecher, and Becker 1988).  Since then, it has been used to 

predict a number of health-related behaviors, including medication adherence (Giannetti 

and Kamal 2014).  The model suggests that the decision to engage in preventive health 

behaviors (e.g., take medications as agreed upon with healthcare provider) is influenced 

by four constructs (Rosenstock et al. 1998):  

1. Perceived severity of an illness; 

2. Perceived susceptibility of the individual to that illness; 

3. Perceived benefits associated with a health behavior to address the illness; and 

4. Perceived barriers to engaging in the health behavior.  
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Additional constructs of the HBM include cues to action (internal or external 

stimuli that trigger the decision-making process) and self-efficacy (a person’s confidence 

in his or her ability to perform the behavior); however, these variables, particularly cues 

to action, are often not included in empirical studies.  

Turner et al. (2007) evaluated ongoing adherence to DMTs among MS patients 

and tested the utility of the HBM to predict adherence.   Telephone surveys with 2-, 4- 

and 6-month follow-ups were administered to 89 veterans with MS actively enrolled in a 

regional Veteran’s Administration MS outpatient clinic.  DMT adherence was measured 

with one item, “How many times have you missed taking your DMT in the past month?”  

DMT adherence was defined as the percent adherent over the past month (total doses 

taken/divided by total prescribed doses).  Patients were considered adherent if they 

reported taking 80 percent or more of their DMT.  Overall, adherence rates were high 

with at least 80 percent of patients achieving adherence at each of the follow-ups.  

Among the HBM variables, only perceived benefits and perceived severity were 

significant predictors of DMT adherence at any of the follow-ups.  Perceived benefits 

significantly predicted adherence at 4-month and 6-month follow-ups [4-month follow-

up: OR (95% CI)=4.07 (1.23-13.44), p<0.05; 6-month follow-up: OR=2.49 (1.01-6.17), 

p<0.05].  Perceived severity significantly predicted adherence at 4-month follow-up 

(OR=2.29, 95% CI: 1.02-5.13, p<0.05).  

Despite not reaching statistical significance, perceived susceptibility and 

perceived barriers may still be important determinants of DMT adherence in MS patients, 

particularly because of the way these constructs were operationalized.  The internal 
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consistency scores of the scales were acceptable for perceived susceptibility (α=0.63) and 

perceived barriers (α=0.61), which provides support for unidimensionality.  However, the 

susceptibility scale consisted of only two items (e.g., ‘my body will fight off MS in the 

future’).  The barriers scale consisted of three items (e.g., ‘long distances to medical 

facilities and personnel’), which were adapted from the Barriers to Care Scale (BACS) 

originally developed for patients with HIV/AIDS.  Thus, these items may not fully 

represent the constructs being measured in MS patients.  

Additional studies have used the Transtheoretical Model of Health Behavior 

Change (TTM) to study discontinuation of DMTs in patients with MS (Berger, Hudmon, 

and Liang 2004; Berger, Liang, and Hudmon 2005).  

Transtheoretical Model 

The TTM emerged from several comparative studies that examined smoking 

behavior, specifically characteristics of individuals who self-quit versus individuals who 

required further treatment (Prochaska, Redding, and Evers 2007).  Over time, the TTM 

evolved and combined key constructs and principles from other established theories.  The 

current model may be applied to variety of behaviors, populations and settings.   

 The TTM is comprised of two components: stages of change and processes of 

change (Prochaska et al. 2007).  Stages of change suggest that behavior change is not a 

discrete event but rather happens through time and commitment.  TTM describes six 

stages of change:  

1. Precontemplation: no intention to take action within the next six months;  

2. Contemplation: intends to take action within the next six months; 
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3. Preparation: intends to take action within the next 30 days and has taken some 

behavioral steps in this direction; 

4. Action: changed overt behavior for less than six months; 

5. Maintenance: changed overt behavior for more than six months; and 

6. Termination: no temptation to relapse and 100 percent confidence.  

Processes of change are mechanisms that individuals use to naturally adjust 

behavior as individuals progress from one stage of change to the next.   Processes of 

change may vary across individuals and within an individual depending on the stage of 

change he or she is currently in.  The TTM describes 10 processes of change:  

1. Consciousness raising: finding and learning new facts, ideas, and tips that 

support the healthy behavior change;  

2. Dramatic relief: experiencing the negative emotions that go along with unhealthy 

behavioral risks; 

3. Self-reevaluation: realizing that the behavior change is an important part of one’s 

identity as a person; 

4. Environmental reevaluation: realizing the negative impact of the unhealthy 

behavior or the positive impact of the healthy behavior on one’s proximal social 

and/or physical environment; 

5. Self-liberation: making a firm commitment to change; 

6. Helping relationships: seeking and using social support for the healthy behavior 

change; 

7. Counterconditioning: substitution of healthier alternative behaviors and 
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cognitions for the unhealthy behavior; 

8. Reinforcement management: increasing the rewards for the positive behavior 

change and decreasing the rewards of the unhealthy behavior; 

9. Stimulus control: removing reminders or cues to engage in the unhealthy 

behavior and adding cues or reminders to engage in the healthy behavior; and 

10. Social liberation: realizing that the social norms are changing in the direction of 

supporting the healthy behavior change. 

 Berger and colleagues conducted a two-phase study focused on patient 

discontinuation of interferon beta-1a.  The purpose of phase one was to assess if TTM 

could predict discontinuation and to determine what factors were associated with TTM 

stages of change (Berger, Hudmon, and Liang 2004).  This study then informed the phase 

two TTM-based support program aimed at assisting patients in resolving stage-specific 

barriers to treatment persistency (Berger, Liang, and Hudmon 2005).  

 In phase one, a survey, based on the constructs of the TTM, was developed to 

determine what factors might predict the TTM stages of change (Berger et al. 2004).  The 

survey measured stages of change associated with discontinuation of interferon beta-1a 

(i.e., stage 1—not considering discontinuing interferon beta-1a, stage 2—from time to 

time have thought about discontinuing interferon beta-1a but plan to continue using it, 

stage 3—considering discontinuing interferon beta-1a sometime in the next six months, 

stage 4—quit using interferon beta-1a fewer than six months ago, and stage 5—quit using 

interferon beta-1a more than six months ago), pros and cons of interferon beta-1a (e.g., 
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pro—prevents condition from getting worse or slows it down, con—side effects), and 

self-efficacy for using interferon beta-1a in various situations. 

 A total of 531 patients with MS completed the survey (79.2% current interferon 

beta-1a users and 20.8% previous interferon beta-1a users).  Patients were classified into 

one of the five stages of change: stage 1 (n=309, 59.5%), stage 2 (n=77, 14.8%), stage 3 

(n=20, 3.9%), stage 4 (n=31, 6.0%), and stage 5 (n=82, 15.8%).  Mean scores for each 

pro and con item and self-efficacy were stratified by stages of change.  In general, ratings 

for pros of use tended to weaken with increasing stage of change, while ratings for cons 

of use tended to strengthen by increasing stage of change.  Self-efficacy scores tended to 

decrease by increasing stage of change.  In a regression model for predicting 

discontinuation of interferon beta-1a, pros of use, cons of use, highest level of education 

completed, and level of disability were able to identify 82 percent of patients who 

discontinued and 81 percent of patients who stayed on the DMT.   

 Using data from this study, Berger et al. (2005) developed and evaluated a 

software-based telephone counseling intervention to promote persistency among patients 

(phase two).  The study used a randomized longitudinal design in which patients received 

either the software-based telephone counseling intervention or standard care.    Patients 

were stratified by stages of change (stage 1—not considering discontinuing, stage 2—

from time to time have thought about discontinuing, stage 3—considering discontinuing 

sometime during the next six months).  As part of the telephone counseling intervention, 

call center staff applied stage-based motivational interviewing techniques focused on 

factors identified in the previous study (e.g., pros and cons of interferon beta-1a use).  At 
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three months, 1.2 percent (2 out of 171) of patients in the intervention group discontinued 

their DMT, while 8.7 percent (17 out of 195) of patients in the control group discontinued 

their DMT (Chi-square=10.547, df=1, p=0.001).  Furthermore, more patients in the 

intervention group moved from stages two or three to stage one, which suggests that they 

were less likely to discontinue their DMT.    Findings from this study support the utility 

of the TTM-based counseling intervention to help patients persist with their DMT.   

2.2  World Health Organization Medication Adherence Model 

Given that the cause of DMT nonadherence in MS patients is likely multifactorial, 

the World Health Organization (WHO) Medication Adherence Model (MAM) may be a 

useful theoretical model to explore and better understand this behavior.  As seen in 

Figure 2.1, the WHO MAM categorizes the factors associated with adherence into five 

broad domains: social and economic factors, healthcare system-related factors, condition-

related factors, therapy-related factors, and patient-related factors.   
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Figure 2.1 The World Health Organization (WHO) Medication Adherence Model 

(MAM)  

 

 

Social and Economic 

Social and economic-related factors associated with adherence may be individual 

(i.e., patient-level) or contextual (i.e., environment-level) in nature. Some social and 

economic-related factors found to be significantly associated with adherence include 

traditional and commonly measured demographic characteristics such as age, race, 

gender, socioeconomic status, education level, and employment status (Sabate 2003).  

Other, more complex factors include poverty, literacy level, social support networks, 

stability of living conditions, travel distance to and from treatment centers, availability or 

high cost of transportation, high cost of medications, changing environmental situations, 

and family dysfunction (Sabate 2003).   
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Because many of these factors are intrinsic characteristics of the patient (e.g., age, 

race, gender) or difficult to modify or control (e.g., education level, changing 

environmental situational), it is important to at least recognize whether or not these 

factors significantly impact adherence in the population of interest.  Ultimately, this will 

allow healthcare providers and researchers to identify patients who may be at risk for 

poor adherence.  

Healthcare System 

Compared to the other domains, less research has been conducted to elucidate the 

impact of healthcare system-related factors (e.g., quality of healthcare services) on 

medication adherence.  One of the most studied factors in this domain is the quality of 

communication between healthcare providers and patients (Haskard Zolnierek and Di 

Matteo 2009).  In a meta-analysis of 106 correlational studies and 21 experimental 

interventions, Haskard et al. (2009) found that there was a 19 percent higher risk of 

nonadherence among patients whose physicians communicated poorly compared to 

patients whose physicians communicated well.  In addition, the odds of patient adherence 

were 1.62 times higher when a physician received communication training compared to 

when a physician received no training (Haskard Zolnierek and Di Matteo 2009).  

Some other healthcare system-related factors that may impact medication 

adherence include: the quality of health services offered, the adequacy or availability of 

reimbursement for services or health technologies, the quality of the medication 

distribution system, the knowledge and training level of healthcare providers to manage 

chronic diseases, workload experienced by healthcare providers, availability of 
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performance-based incentives and feedback, length of consultations, provision of 

education and follow-up for patients, capacity to build community support and self-

management, and knowledge of medication adherence and of interventions to improve 

adherence (Sabate 2003).  

Condition 

 Condition-related factors are those that stem from the issues and demands that 

patients experience as a direct result of their disease.   Some condition-related factors 

impacting medication adherence include: presence and severity of symptoms, disability 

level (e.g., physical and psychological), rate of disease progression, severity of disease, 

and availability of effective treatments for disease management.  In addition, patients 

with a chronic condition may have comorbidities that carry their own unique disease-

related issues, which may further exacerbate poor adherence (Sabate 2003).   

Condition-related factors may have a direct impact on adherence.  For example, if 

a patient experiences disease-related cognitive issues (e.g., poor memory), he or she may 

forget to take his or her medication.  Furthermore, these condition-related factors may 

indirectly impact adherence through the way patients perceive the importance and 

priority of medication adherence (Sabate 2003). For example, if a patient experiences 

new or worsening symptoms due to disease progression, he or she may perceive DMTs 

and adherence to DMTs as more important in order to prevent or slow future disease 

progression.  

Therapy 
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 Therapy-related factors are those that stem from issues and demands associated 

with a patient’s specific treatment or treatment regimen.   For example, common therapy-

related factors include complexity and duration of the treatment regimen, experience of 

treatment failures and treatment changes, the immediacy of relief due to treatment, and 

presence of adverse effects (Sabate 2003).   

Patient 

 Patient-related factors consist of patients’ knowledge, beliefs, attitudes, 

expectations, and resources (Sabate 2003).  Medication nonadherence is often thought of 

as a patient-based behavioral problem.  While other external factors have been shown to 

impact medication adherence, patient-related factors may be useful and effective targets 

for adherence interventions due to their ability to be changed in situations and over time.  

 Some patient-related factors associated with adherence include: motivation level, 

knowledge and skills in disease management, perceived need for treatment, perceived 

effectiveness of treatment, acceptance and ability to cope with disease diagnosis, 

perceived severity of disease, hopelessness and negative feelings, satisfaction with 

treatment regimen, fear of dependency, and stigma associated with disease (Sabate 2003).  

Studies Utilizing WHO MAM 

  Three peer-reviewed studies have used the WHO MAM to better understand the 

factors associated with medication adherence.   AlGhurair et al. (2012) conducted a 

systematic review of patient self-reported barriers of adherence to antihypertensive 

medications.  After applying inclusion and exclusion criteria, 74 studies (51 unique 

surveys) were included in the final review.  Across all studies, patient-related barriers 
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were measured most frequently (n=39 surveys), followed by therapy (n=29 surveys), 

healthcare team and system (n=27 surveys), social and economic (n=11 surveys), and 

condition (n=4 surveys) factors.   Table 2.1 (below) provides an overview of the patient-

reported barriers of adherence based on each domain of the WHO MAM.  

Table 2.1 Patient-Reported Barriers of Adherence to Antihypertensive Medications Using 

the World Health Organization Medication Adherence Model (WHO MAM) 

Domain Common Patient-Reported Barriers 

Social and 

Economic 

Lack of social support network, financial barriers, cultural barriers, 

language barriers, and influence of social norms 

Healthcare 

Team and 

System 

Difficulty in obtaining refills, healthcare system problems, practical 

aspects of hypertension care, lack of information, lack of healthcare 

provider support, medication reimbursement, quality of healthcare 

providers’ communication and patient participation, access to healthcare 

providers, relationship with healthcare providers, difficulty in 

scheduling appointments, perceptions about physician and pharmacist, 

and satisfaction with pharmacy services 

Condition  Depression, ability to read print on bottle, ability to open or close 

medication bottle, extent to which disease influences patient’s risk 

perception, severity of risk, and rate of disease progression 

Therapy  Side effect occurrences, medication effectiveness, medication 

inconvenience, regimen complexity, and frequent medication changes 

Patient Beliefs about medications/hypertension, forget/remember medications, 

intentionally stop or modify doses, self-efficacy, knowledge about 

hypertension and antihypertensive medications, attitude, remember to 

get refill, careless medication taking, use of herbal medicine or 

acupuncture to treat hypertension, and awareness about drug insurance 

Source: AlGhurair SA, Hughes CA, Simpson SH, Guirguis LM. A systematic review of 

patient self-reported barriers of adherence to antihypertensive medications using the 

World Health Organization Medication Adherence Model. J Clin Hypertens. 

2012;14(12):877-886).  
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 Wu et al. (2008a) conducted a review of the literature on factors associated with 

medication adherence in patients with heart failure.  After applying inclusion and 

exclusion criteria, 50 qualitative and quantitative studies were included in the final 

review.  Wu et al. (2008a) reported all factors that were previously under investigation, 

regardless of their association with adherence (i.e., positive relationship, negative 

relationship, no relationship, and inconsistent results).  Table 2.2 (below) provides an 

overview of the factors that were previously investigated as potential predictors of 

adherence in patients with heart failure.  

 Among social and economic factors, being married, living with someone, having 

more social support, and having more education were positively associated with 

adherence.   The associations with race and household income were inconsistent.  Among 

healthcare system-related factors, patient satisfaction and trust in healthcare providers 

were positively associated with adherence.  There was no relationship with patient-

provider interaction, and there were inconsistent results with patient-provider 

communication.  Among condition-related factors, severity of symptoms was positively 

associated with adherence, while depression was negatively associated with adherence.  

There was no relationship with anxiety, and there were inconsistent results with 

comorbidity status.   Among treatment-related factors, perceived benefits/fewer side 

effects, previous hospitalization, and unit of use packaging were positively associated 

with adherence.  A higher number of pills, difficulty removing medication container tops, 

and higher medication costs were negatively associated with adherence.   There were 

inconsistent results with number of medications and medication frequency.   Finally, for 
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patient-related factors, motivation for increasing well-being was positively associated 

with adherence.  Forgetfulness and poor fit in patient’s routine were associated with poor 

adherence.   There were inconsistent results with age, gender, and knowledge.  

Table 2.2 Factors Influencing Medication Adherence among Patients with Heart Failure 

using the World Health Organization Medication Adherence Model (WHO MAM) 

Domain Common Patient-Reported Barriers 

Social and 

Economic 

Household income, marital status, living status, social support, 

education, and race 

Healthcare Team 

and System 

Patient-provider interaction, patient satisfaction, trust in healthcare 

providers, and patient-provider communication  

Condition  Symptom severity, comorbidity, depression, and anxiety  

Therapy  Perceived effects or side effects, previous hospitalizations, 

complexity, pills taken per day, multiple medications, medication 

frequency, packaging, medication container, and cost of medications  

Patient Age, gender, forgetfulness, knowledge, motivation for well-being, 

and routine 

Source: Wu JR, Moser DK, Lennie TA, Burkhart PV. Medication adherence in patients 

who have heart failure: a review of the literature. Nurs Clin N Am. 2009;43:133-153.  

 

Guided by the WHO MAM, Wu et al. (2008b) also conducted a six-month 

prospective study to test potential predictors of medication adherence in patients with HF.  

Medication adherence was measured using MEMS and included three indicators of 

adherence: 1) dose-count (i.e., percentage of prescribed doses taken), 2) dose-days (i.e., 

percentage of days correct number of doses taken), and 3) dose-time (i.e., percentage of 

doses taken on schedule).   

Variables from all five dimensions of the WHO MAM were assessed.  Patient-

related factors included patient’s gender, age, attitude towards medication adherence as 
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measured by the 3-item attitude subscale of Medication Adherence Scale (MAS), and 

knowledge of medication as measured by the 3-item knowledge subscale of the MAS.  

Condition-related factors included symptom severity, comorbidity, and depression.   

Treatment-related factors included complexity of treatment (i.e., number of pills taken 

per day and medication frequency) and patient’s barriers (financial, cognitive, social and 

practical) to medication adherence as measured by the 11-item barriers subscale of the 

MAS.  Healthcare system-related factors included the patient-provider relationship.  

Finally, social and economic factors included ethnicity, level of education, financial 

status, and social support.   

Based on different indicators of the MEMS, the variance explained by each 

dimension of the WHO MAM ranged from 0 percent for the healthcare system domain to 

10 percent each for patient and treatment domains.  Based on a hierarchical multiple 

regression with backward entry, barriers to medication adherence, ethnicity, and 

perceived social support combined to be the best group of predictors associated with the 

dose count adherence indicator of MEMS, explaining 20 percent of the variance in 

adherence (F=7.253, p<0.001).  New York Heart Association (NYHA) functional status, 

barriers to medication adherence, financial status, and perceived social support combined 

to be the best group of predictors for the dose-day indicator of MEMS, explaining 21 

percent of the variance in adherence (F=6.293, p<0.001).  Finally, barriers to medication 

adherence and financial status combined to be the best group of predictors for the dose-

time indicator of MEMS, explaining 11 percent of the variance in adherence (F=3.606, 

p=0.005).  
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As indicated by these previous studies, the WHO MAM may be a useful 

theoretical model to better understand medication-taking behavior.   By first using the 

WHO MAM to identify the factors associated with adherence, researchers and clinicians 

can have a comprehensive view of the adherence issue at hand.  Furthermore, after 

narrowing down the factors associated with medication adherence in the population under 

study, patient-centered interventions and strategies can be systematically developed such 

that they utilize a multi-level approach (i.e., targeting more than one of the WHO MAM 

dimensions).   

To inform future patient-centered strategies aimed at improving adherence, this 

dissertation will explore the issue of adherence to DMTs using a mixed-methods 

approach (discussed in further detail in the next section), and several of the research 

questions will be guided by the WHO MAM.  The next section provides an overview of 

the three studies comprising this dissertation.  

2.3  Overview of Studies and Research Questions  

This dissertation is comprised of three independent studies.  While each study has 

a unique set of objectives and study design, the central theme connecting the three studies 

is DMT adherence in MS patients.  The goal of this dissertation is to better understand 

DMT taking behavior in MS patients and to elucidate the factors that are associated with 

DMT adherence.  Using a multi-study, mixed-methods approach may provide a fuller 

understanding of DMT adherence from several unique perspectives.  The remainder of 
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this section provides an overview of the three studies and research questions for each 

study.     

 

Study 1: Review of the literature on factors associated with DMT adherence 

The purpose of study one was to conduct a review of the literature focused on 

factors significantly associated with adherence to DMTs in MS patients.  The identified 

factors were categorized into the five dimensions (i.e., social and economic, healthcare 

team and system, therapy, condition, and patient) of the WHO MAM.   In the discussion 

section, a focus was placed on factors that may be amenable to change.   

Study 1 Research Questions: 

1. What factors (social and economic, healthcare system, condition, therapy, patient) 

are significantly associated with adherence to DMTs in MS patients?   

2. What factors are modifiable?   

 

Study 2: Focus groups regarding MS patients’ experience with DMTs 

The purpose of study two was to qualitatively explore MS patients’ experience 

(medication burden, barriers and facilitators of adherence, and coping strategies) with 

DMTs.  The focus groups corroborated some of the factors already identified in the 

literature review and revealed new factors associated with adherence. Focus group 

participants included MS patients currently taking an injectable or an oral DMT.  Given 

that several of the recently approved DMTs are administered orally, this study provided 

unique insight into the barriers of adherence for these new DMTs.   
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Study 2 Research Questions:  

1. What barriers do patients experience with their injectable and oral DMTs that 

might impact DMT adherence? 

2. What coping strategies are used to overcome these barriers?   

3. How do these barriers and coping strategies differ between patients on injectable 

DMTs and oral DMTs? 

 

Study 3: Survey assessing factors associated with adherence to DMTs 

The purpose of study three was to assess medication adherence rates and factors 

associated with adherence among MS patients taking oral and injectable DMTs.  

Although studies have assessed the adherence rates to all types of DMTs (i.e., injectable, 

oral, and intravenous infusion), the relatively recent emergence of FDA-approved oral 

DMTs warrants additional research on DMT adherence rates.   Furthermore, many of the 

previous DMT adherence studies in MS populations have used retrospective analyses of 

secondary data (e.g., pharmacy and administrative claims) rather than primary data 

collection methods.   

The use of a survey and of patient-reported medication adherence provides the 

opportunity to assess the impact of modifiable factors of nonadherence (e.g., medication 

beliefs).  This may lead to the development of strategies and interventions to help patients 

overcome the barriers of nonadherence, which may ultimately improve other health 

outcomes and reduce healthcare costs.  
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Guided by the WHO MAM, this study explored the associations between patient-

related factors (i.e., treatment satisfaction, perceived necessity, and perceived concern) 

and patient-reported adherence.  In addition, several factors were controlled for in the 

analyses (i.e., age, race, gender, education, health insurance, time with MS, type of DMT, 

time on DMT, and DMT experience). 

 Similar to other disease states, the cause of DMT nonadherence in MS patients is 

multifactorial; however, few studies among MS patients have attempted to capture the 

impact of these factors based on a conceptual framework.  Exploring an issue or behavior 

using a conceptual framework provides a richer understanding of the issue or behavior 

and of the relationships between the variables under study.   In addition, a well-developed 

conceptual framework ensures that the study is driven by both theory and empirical 

evidence, which provides greater support for any significant relationships found in the 

study. 

Study 3 Research Questions:  

1. What are the adherence rates to oral and injectable DMTs?  

2. Are patients’ treatment satisfaction and medication beliefs (i.e., perceived 

necessity and perceived concern) significantly associated with DMT adherence?  
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CHAPTER THREE: STUDY 1 

A SYSTEMATIC REVIEW OF FACTORS SIGNFICANTLY 

ASSOCIATED WITH ADHERENCE TO DISEASE MODIFYING 

THERAPIES IN PATIENTS WITH MULTIPLE SCLEROSIS 

 

3.1  Abstract 

Background: Poor adherence to disease modifying therapies (DMTs) in patients with 

multiple sclerosis (MS) is a well-established problem with downstream economic and 

clinical consequences.  Understanding the factors associated with adherence to DMTs 

may help to guide interventions and strategies aimed at improving adherence.  Thus, the 

objective of this study was to identify factors significantly associated with adherence to 

DMTs in patients with MS, particularly focusing on factors that may be modifiable.  

Methods: A systematic literature search was conducted in online databases including 

PubMed, CINAHL, PsycINFO, and Cochrane Library through June 2015.  To be 

included, articles had to assess adherence to an FDA-approved DMT for MS patients, 

evaluate association between adherence to DMT and at least one factor presumed to be 

associated with adherence, and be published in English.  Factors significantly associated 

with adherence to DMTs were identified and organized according to the five domains of 

the World Health Organization (WHO) Medication Adherence Model (MAM): social and 

economic, healthcare system, condition, therapy, and patient-related factors. 
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Results: A total of 30 articles were included in the review.  Factors from all five domains 

of the WHO MAM were identified.  Some of the modifiable factors included patient’s 

out-of-pocket cost (i.e., copayment and average coinsurance), family and caregiver 

support, neurologist discussion of adherence, type of DMT, ease of injection, injection 

anxiety, and satisfaction with treatment and medication beliefs (e.g., perceived benefits).   

Conclusions: This study identified several factors found to be significantly associated 

with adherence to DMTs, many of which are amenable to change.  Future strategies and 

interventions aimed at improving patients’ medication adherence should target these 

modifiable risk factors.  
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3.2  Practice Points  

 Factors from all five domains (i.e., social and economic, healthcare system, 

condition, therapy, and patient) of the World Health Organization Medication 

Adherence Model were found to be significantly associated with DMT adherence.  

 Patient-centered, evidence-based adherence interventions may benefit from 

targeting those factors that may be modifiable (e.g., healthcare costs, neurologist 

discussion of adherence, injection anxiety, medication beliefs) 
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3.3  Introduction 

 Multiple sclerosis (MS) is a chronic and debilitating disease that affects 

approximately 400,000 in the U.S. and 2.3 million worldwide (National MS Society).  

There are currently 13 disease-modifying therapies (DMTs) approved by the U.S. Food 

and Drug Administration (FDA) for the use in relapsing forms of MS (National MS 

Society).  While these therapies may not cure MS, nor prevent recurring symptoms (e.g., 

fatigue, numbness), DMTs have been found to reduce the recurrence of relapses and 

delay disease progression (Goodin et al. 2002).  DMTs are promising options for MS 

patients; however, medication adherence is essential for optimal effectiveness.   

 The World Health Organization (WHO) defines adherence 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 health care provider (Sabate 

2003).”  Across most disease states, medication adherence remains a complex and costly 

issue for patients, providers, and the healthcare system, and this is no exception for MS.  

Existing studies suggest that adherence to DMTs among MS patients is not optimal, with 

rates ranging between 41 percent and 88 percent (Menzin et al. 2013).  There is a 

significant need to address poor medication adherence in MS patients due to its negative 

impact on clinical, economic, and humanistic outcomes.  For example, Cerghet et al. 

(2010) found that patients with MS who did not adhere to their treatment had worse 

mental health and were more likely to be unemployed and disabled.   

 Medication adherence is a complex behavior and can be a challenge for patients 

with any disease; the need to take DMTs for the long-term makes adherence an even 
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greater challenge for MS patients.  The cause of medication nonadherence is 

multifactorial, and patients may experience multiple barriers or challenges that prevent 

them from achieving optimal adherence and positive health outcomes.  For this reason, it 

is imperative to understand patients’ experience with their DMT and factors that put them 

at risk for medication nonadherence, particularly those factors that may be modifiable.   

 To better understand medication-taking behavior, the WHO developed a 

medication adherence model (MAM), which categorizes the factors associated with 

adherence into five broad domains: social and economic factors (e.g., unemployment, 

literacy, social support), healthcare system-related factors (e.g., quality of healthcare 

services), condition-related factors (e.g., severity of symptoms, comorbid conditions), 

therapy-related factors, and patient-related factors (e.g., forgetfulness, beliefs about 

disease and medication) (Sabate 2003).  A comprehensive understanding of these factors 

in MS patients is necessary to determine the appropriate strategies to combat poor 

adherence.   

 Using the WHO MAM as a guiding framework, a systematic review of the 

literature was conducted to explore the factors significantly associated with adherence to 

DMTs in MS patients.  This study identifies and presents both non-modifiable (factors 

such as age and gender) and modifiable factors (factors such as beliefs and memory 

issues that may be changed or managed through intervention); however, discussion 

primarily focuses on those factors that may be modifiable.   
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3.4  Methods 

 Literature searches were conducted in databases including PubMed, CINAHL, 

PsycINFO, and Cochrane Library.  The publication time frame was from the inception of 

each database through June 2015.  The following search string was used in all databases:  

 

 (“multiple sclerosis”) AND (“medication adherence” OR “adherence” OR “compliance” 

OR “concordance”) AND (“immunomodulator” OR “disease modifying therapy” OR 

“interferon beta-1b” OR “interferon beta-1a” OR “peginterferon beta-1a” OR “pegylated 

interferon beta-1a” OR “glatiramer acetate” OR “fingolimod” or “teriflunomide” OR 

“dimethyl fumarate” OR “alemtuzumab” OR “mitoxantrone” OR “natalizumab”)  

 

 To be included in the review, the following pre-defined inclusion criteria had to 

be met: (1) assessed adherence to DMTs approved for MS patients, (2) evaluated the 

association between adherence to DMT and at least one factor presumed to be associated 

with adherence, and (3) published in English.  Articles that only reported DMT 

persistence and/or discontinuation were excluded.  Furthermore, meeting abstracts, 

letters, cases, reports, commentaries, reviews, and theses/dissertations were excluded.    

 To determine initial eligibility, the first author (AVT) screened all titles and 

abstracts of the articles retrieved from the databases.  The first author (AVT) reviewed 

the full-text of all initially eligible articles.  In addition, the reference lists of eligible 

articles were reviewed for any additional relevant articles. The first and second authors 

(AVT and CMB) determined the final list of articles based on the pre-defined inclusion 
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and exclusion criteria.  The final set of articles was reviewed to determine the factors that 

were significantly associated with adherence to DMTs.  These factors were subsequently 

organized into the five broad domains of the WHO MAM.  

3.5  Results 

 Figure 3.1 displays the decision tree for the article selection process. The original 

search using the four databases yielded 434 citations.  After reviewing titles and abstracts 

for potential relevance, 122 duplicates and 246 articles outside the scope of the study 

were excluded.  Sixty-six full-text articles were reviewed for eligibility, and 41 were 

removed after they were found to meet exclusion criteria.  An additional five articles 

were found to be eligible through a search of reference lists.  A total of 30 studies were 

included in the review.   

 Table 3.1 displays the factors that were found to be significantly associated with 

medication adherence based on the WHO MAM.  Table 3.2 provides an overview of the 

characteristics, adherence measures, and results of the included studies. 

Social and Economic Factors  

 Most of the social and economic-related factors were patients’ demographic 

characteristics (e.g., age, gender, race, university education, marital status), with age 

(46.7% of studies) being the most frequently reported factor.  Factors pertaining to 

patients’ financial status (e.g., healthcare costs, copayments, copayment assistance, 

utilization) and health plan/coverage (e.g., region, type) were also significantly associated 
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with medication adherence.   Among social and economic factors, modifiable factors 

were social support healthcare costs (e.g., copayment, average coinsurance).   

Healthcare System-Related Factors  

 Among healthcare system-related factors, treatment at an MS center and number 

of neurologist visits per year were significantly associated with medication adherence.  

The most modifiable healthcare system-related factors pertained to communication 

between the healthcare provider and patient.  For example, discussions about medication 

adherence at treatment initiation and follow-up were significantly associated with 

adherence.   Factors from the healthcare system domain have not been well studied, as all 

of the healthcare system-related factors were reported in two studies (Devonshire, 2011; 

Jones, 2013).  

Condition-Related Factors 

 The most frequently reported condition-related factor associated with medication 

non-adherence was disease duration (16.7% of studies). Several MS-related symptoms 

and comorbidities were also common, including headaches, mood and anxiety disorders, 

fatigue, depression, and memory.  

Therapy-Related Factors 

 Among therapy-related factors, the most frequently reported factor was the 

specific type of DMT that the patient was prescribed (40.0% of studies).  In addition, 

treatment duration (16.7% of studies) was also reported in multiple studies as a factor 

significantly associated with medication adherence.  Other significant factors included 

the use of other medications (at baseline or concomitantly), ease of injection, injection 
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site pain, needle gauge, and various treatment patterns (i.e., prior use of MS medications, 

restart in use of DMT and changes in treatment).  Among therapy-related factors, the 

most modifiable or manageable factors pertained to patients’ experience with injections 

(i.e., ease of injection, injection site pain, and injection anxiety) and receiving injection 

training.   

Patient-Related Factors 

 Among patient-related factors, satisfaction with treatment was the most frequently 

reported factor (16.7% of studies).  The patient-related factors were primarily rooted in 

patients’ beliefs about their disease or treatment regimen.  For example, significant 

factors included being informed about the disease, perceived severity (of disease), 

perceived benefits (of DMT), perceived barriers (of DMT), coping strategies, and 

perceived convenience (of DMT).  The patient-related factors were among the most 

modifiable, which suggests that focusing on patient-related factors in medication 

adherence interventions and strategies may be the most effective approach.  
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Figure 3.1 Diagram of Literature Retrieval and Selection Process  
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Table 3.1 Factors Significantly Associated with Medication Adherence in Multiple 

Sclerosis Patients Based on the World Health Organization Medication 

Adherence Model  

Social and 

Economic 

Healthcare 

System 

Condition
 

Therapy Patient 

 Age 

 Age at diagnosis 

 Gender 

 Region 

 Marital status 

 Race 

 University 

education 

 Healthcare costs 

 Copayment 

 Average 

coinsurance 

 Copay 

assistance 

 Patient 

uncertainty of 

payment 

increases 

 Family support 

 Costs of MRI 

 Health plan 

region 

 Health plan 

type 

 Health 

insurance 

provider 

 Supportive 

qualities of 

caregiver 

 MS-related 

direct costs 

 Total direct costs 

 Total pharmacy 

costs 

 Treated at 

MS center 

 Neurologist 

visits per year 

 Neurologist 

discussion of 

adherence at 

treatment 

initiation  

 Neurologist 

discussions of 

adherence at 

follow-up 

 Number of 

Share 

Solutions 

nurse 

contacts 

 Disease duration 

 Depression 

 Disability status 

 Anxiety 

 Number of 

comorbidities 

 Presence of 

headaches 

 Numbness 

 Psychiatric 

condition 

 Number of 

mood and 

anxiety disorders 

 Fatigue 

 Neuroticism  

 Openness 

 Conscientious-

ness 

 List learning  

 List recall 

 Memory 

 Quality of life 

 ED visit 

 Pre-index 6 

month MS-

related 

hospitalization  

 Type of 

DMT 

 Treatment 

duration 

 Prior use of 

MS drugs 

 Restart of 

DMT 

 Concomitant 

therapy 

 Pre-period 

MS-related 

medication 

use 

 Ease of 

injection 

 Injection 

anxiety 

 Injection site 

pain 

 DMT 

injection 

training 

 Needle gauge 

 Baseline 

corticosteroid 

use 

 Missed dose 

of DMT in 

month prior 

to baseline 

 Treatment 

change  

 Reasons for 

treatment 

change 

 

 Satisfaction 

with 

treatment 

 Beliefs about 

ability to 

persist to 

medications 

 Informed 

about 

disease 

 Sense of 

hope 

 Perceived 

severity 

 Perceived 

benefits 

 Perceived 

barriers  

 Coping 

strategies 

 Perceived 

convenience 

Bolded factors may be modifiable to some degree  
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Table 3.2 Characteristics, Adherence Measure, and Results of the Studies Included in Review 

Name of author, Year, 

Country, N, Age, and Sex 

Adherence measure Factor(s) significantly 

associated with adherence 

Results 

Agashivala et al., 2013,  

Country=USA 

N=1,891 

Age=45.6±11.1 

Sex=76.4% female 

Proportion of days covered 

(PDC)=total number of 

days with medication 

supply in the 12-months 

follow period / by 365 days 

 

Medication possession 

ratio (MPR)=total days 

with medication supply 

within the refill interval / 

number of days in the refill 

interval 

 

*For both PDC and MPR, 

any extra days of 

medication supply 

covering periods after end 

of 12-month follow-up 

were deducted from 

numerator  

1. Type of DMT 1. Among patients naïve to DMT (PDC 

mean±SD): fingolimod (0.80±0.23) vs 

IFN beta-1b (0.65±0.31), p<0.0001; IM 

IFN beta-1a (0.72±0.30), p=0.0027; SC 

IFN beta-1a (0.67±0.31), p<0.0001; GA 

0.72±0.29, p=0.0017 

(MPR mean±SD): fingolimod 

(0.90±0.09) vs IFN beta-1b (0.86±0.17, 

p=0.0055  

 

Among patients experienced to DMT  

(PDC mean±SD): fingolimod 

(0.83±0.23) vs IFN beta-1b (0.61±0.30), 

p=0.0002; IM IFN beta-1a (0.67±0.32), 

p=0.0004; SC IFN beta-1a (0.68±0.31), 

p=0.0001; GA (0.73±0.30), p=0.0040 

(MPR mean±SD): fingolimod 

(0.92±0.08) vs IFN beta-1b (0.82±0.18), 

p=0.0066; IM IFN beta-1a (0.88±0.13), 

p=0.0287; SC IFN beta-1a (0.84±0.19), 

p=0.0004 
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Table 3.2 Characteristics, Adherence Measure, and Results of the Studies Included in Review, Cont.  

Name of author, Year, 

Country, N, Age, and Sex 

Adherence measure Factor(s) significantly 

associated with adherence 

Results 

Arroyo et al., 2011,  

Country=Spain  

N=254 (baseline), 142 (1 

year follow-up), 131 (2 

year follow-up) 

Age=37.9±9.9 

Sex=70.4% female 

1-item patient self-report; 

non-adherent if missed 

injection or dose 

modification in the four 

weeks prior to survey 

1. Type of DMT 1. Baseline: IM IFN beta-1a (96.4%) vs SC 

IFN beta-1a 22 μg (79.1%), p=0.0064; 

SC IFN beta-1a 44 μg (79.6%), 

p=0.0064; GA (82.7%), p=0.0184  

Year 1: IM IFN beta-1a (93.9%) vs SC 

IFN beta-1a 22 μg (66.7%), p=0.0251 
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Table 3.2 Characteristics, Adherence Measure, and Results of the Studies Included in Review, Cont.  

Name of author, Year, 

Country, N, Age, and Sex 

Adherence measure Factor(s) significantly 

associated with adherence 

Results 

Bergvall et al., 2014 

Country=USA 

N=3,750 

Age=44.0±9.8 to 46.0±9.8 

Sex=77.0% female 

PDC=number of days 

on index DMT during 

persistence period / 

number of days that 

patient was persistent 

with index DMT 

 

MPR=total number of 

days supply of index 

DMT during 

persistence period / 

number of days 

between first 

prescription fill and 

last refill plus the 

days supply of last 

refill 

 

PDC or MPR ≥80% 

considered adherent 

1. Age 

2. Type of DMT 

3. Concomitant therapy 

4. Gender 

5. Pre-index total 

healthcare costs (log) 

6. Headaches 

7. Numbness 

 

1. MPR<80%: 45-54 vs 18-34 OR=0.666 (0.480-

0.924), p=0.0151; 55-64 vs 18-34 OR=0.646 

(0.434-0.962), p=0.0316; PDC<80%: 45-54 vs 

18-34 OR=0.737 (0.550-0.988), p=0.0413  

2. MPR<80%: GA vs fingolimod OR=2.034 

(1.451-2.853), p<0.0001; IFN vs fingolimod 

OR=2.022 (1.447-2.826), p<0.0001; NTZ vs 

fingolimod OR=1.917 (1.194-3.080), p=0.0071  

PDC<80%: GA vs fingolimod OR=1.654 

(1.252-2.186), p=0.0004; IFN vs fingolimod 

OR=1.525 (1.155-2.013), p=0.0029 

3. PDC<80%: yes vs no OR=0.505 (0.278-0.918), 

p=0.0250 

4. MPR<80%: female vs male OR=1.409 (1.053-

1.884), p=0.0209  

PDC<80%: female vs male OR=1.289 (1.004-

1.655), p=0.0462 

5. PDC<80%: OR=0.948 (0.902-0.995), p=0.0320 

6. MPR<80%: yes vs no OR=0.717 (0.531-

0.968), p=0.0301  

7. MPR<80%: yes vs no OR=0.478 (0.360-

0.635), p<0.0001 

PDC<80%: yes vs no OR=0.516 (0.404-0.659), 

p<0.0001 
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Table 3.2 Characteristics, Adherence Measure, and Results of the Studies Included in Review, Cont.  

Name of author, 

Year, Country, 

N, Age, and Sex 

Adherence measure Factor(s) significantly 

associated with 

adherence 

Results 

Bruce et al., 

2010a 

Country=USA 

N=55 

Age=43.4±8.4 

Sex=89.1% 

female 

Medication event 

monitoring system 

(MEMS): percentage of 

days patient not covered by 

DMT over eight week 

study period 

 

Adherence diary (AD): 

percentage of days patient 

not covered by DMT over 

eight week study period 

 

Retrospective self-report 

(RSR): percentage of doses 

patient reported missing in 

eight week period prior to 

study (assessed at outset of 

study) 

 

Prospective self-report 

(PSR): percentage of doses 

patient reported missing in 

eight week period of the 

study (assessed at 

completion of study) 

1. Comorbid 

psychiatric 

condition (no 

diagnosis vs current 

diagnosis)  

2. Number of mood 

and anxiety 

disorders 

3. Fatigue 

4. Anxiety 

5. Neuroticism 

6. Openness 

7. Conscientiousness 

8. List learning 

9. List recall 

10. Memory 

 

1. RSR mean±SD=3.30±9.06 vs 12.83±23.66, p<0.001 

PSR mean±SD=1.45±2.55 vs 12.14±14.42, p<0.001 

MEMS mean±SD=3.78±8.07 vs 14.78±12.23, p=0.001 

AD mean±SD=2.68±5.33 vs 14.10±12.57, p<0.001 

2. RSR (r=0.56, p<0.01); PSR (r=0.49, p<0.01); MEMS 

(r=0.46, p<0.01); AD (r=0.50, p<0.01) 

3. RSR and Modified Fatigue Impact Scale (MFIS) 

(r=0.29, p<0.05) 

4. RSR and trait subscale of State Trait Anxiety Inventory 

(STAI) (r=0.38, p<0.01); AD (r=0.29, p<0.05)  

5. RSR and neuroticism scale of NEO Five-Factor 

Inventory (NEO-FFI) (r=0.32, p<0.05)  

6. RSR and openness scale of NEO-FFI (r=0.36, p<0.01)  

7. RSR and conscientiousness scale of the NEO-FFI (r=-

0.47, p<0.001); PSR and AD with conscientiousness 

scale of NEO-FFI (r=-0.35, p<0.05 and r=-0.35, p<0.05) 

8. MEMS and AD with list learning measured by the 

Auditory Verbal Learning Test (AVLT) (r=-0.32, 

p<0.05 and r=-0.39, P<0.01, respectively)  

9. PSR, MEMS, and AD with delayed list recall measured 

by AVLT-delay (r=-0.29, p<0.05, r=-0.34, p<0.05, and 

r=-0.41, p<0.01, respectively) 

10. RSR, PSR, MEMS, and AD with memory measured by 

Memory for Intentions Screening Test (r=-0.28, p<0.05, 

r=-0.38, p<0.01, r=-0.31, p<0.05, and r=-0.28, p<0.05, 

respectively).  
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Table 3.2 Characteristics, Adherence Measure, and Results of the Studies Included in Review, Cont. 

Name of author, 

Year, Country, 

N, Age, and Sex 

Adherence measure Factor(s) significantly 

associated with adherence 

Results 

Bruce et al., 

2010b 

Country=USA 

N=67 

Age=46.2±10.6 

Sex=88.1% 

female 

MEMS: percentage of days 

patient not covered by DMT 

over eight week study period 

 

AD: percentage of days patient 

not covered by DMT over eight 

week study period 

 

RSR: percentage of doses 

patient reported missing in eight 

week period prior to study 

(assessed at outset of study) 

 

PSR: percentage of doses 

patient reported missing in eight 

week period of the study 

(assessed at completion of 

study) 

1. Beliefs in ability to 

persist to DMT in 

various hypothetical 

situations  

 

1. Traveling away from home (r=-0.31 to -0.48, 

p<0.05); Lack of support from family or 

friends (r=-0.26 to -0.41, p<0.05); Feeling 

depressed (r=-0.27 to -0.44, p<0.05); Tired and 

want to relax (r=-0.41 to -0.44, p<0.05); Not 

sure whether drug is helping (r=-0.30, p<0.05); 

Didn’t want to be reminded you have MS (r=-

0.27 to -0.35, p<0.05); Knew you’d have side 

effects (r=-0.26 to -0.39, p<0.05); With other 

people (r=-0.29 to -0.50, p<0.05); Felt pretty 

good (r=-0.25 to -0.49, p<0.05); Last injection 

hurt (r=-0.37 to -0.56, p<0.05); Felt MS was 

getting worse (r=-0.16 to -0.30, p<0.05) 

De Seze et al., 

2012 

Country=France 

N=202 

Age=40.7±9.9 

Sex=75.2% 

female 

1-item patient self-report; non-

adherent if missed at least one 

injection over the previous 3 

months 

1. Age 

2. Informed about disease 

1. <35 (35.6%), 35-44 (18.6%), ≥45 (33.0%), 

p=0.047 

2. Well-informed (18.6%), not well informed 

(33.0%), p=0.035  
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Name of author, 

Year, Country, N, 

Age, and Sex 

Adherence measure Factor(s) significantly 

associated with adherence 

Results 

Devonshire et al., 

2011 

Country= 22 

(Argentina, 

Australia, Austria, 

Belgium, Brazil, 

Canada, Czech 

Republic, Denmark, 

France, Germany, 

Iran, Ireland, Israel, 

Italy, Mexico, 

Netherlands, 

Portugal, Spain, 

Sweden, 

Switzerland, United 

Kingdom, and 

Venezuela) 

N=2,566 

Age=39.7±10.1 

Sex=73.1% female 

Patient self-report; adherent 

if did not miss a single 

DMT injection within 4 

weeks before study  

1. Excellent family support 

2. Treated at MS center 

3. ≤1 neurologist visit/year 

4. Neurologist discussed 

adherence at treatment 

initiation 

5. Neurologist discussed 

adherence at follow-up 

6. Ease of injection 

7. Satisfaction with treatment  

8. Disease duration 

9. Completion of university 

education 

10. Type of DMT 

11. Treatment duration  

1. OR=1.33 (1.06-1.67), p=0.0157 

2. OR=1.36 (1.09-1.71), p=0.0066 

3. OR=0.66 (0.50-0.88), p=0.0047 

4. OR=1.54 (1.14-2.10), p=0.0057 

5. OR=0.68 (0.50-0.91), p=0.0106 

6. OR=1.47 (1.15-1.87), p=0.0020 

7. OR=1.54 (1.20-1.98), p=0.0007 

8. OR=0.97 (0.96-0.99), p=0.0022 

9. OR=0.77 (0.62-0.96), p=0.0202 

10. IM IFN beta-1a (ref): SC IFN beta-1a 22 μg 

OR=0.42 (0.28-0.64), p<0.0001; SC IFN 

beta-1a 44 μg OR=0.40 (0.29-0.55), 

p<0.0001; SC IFN beta-1b OR=0.38 (0.27-

0.51), p<0.0001; GA OR=0.30 (0.22-0.41), 

p<0.0001 

11. Adherent (median=30 months), 

nonadherent (median=36 months), p=0.005 
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Table 3.2 Characteristics, Adherence Measure, and Results of the Studies Included in Review, Cont. 

Name of author, 

Year, Country, N, 

Age, and Sex 

Adherence measure Factor(s) significantly 

associated with adherence 

Results 

Dhib-Jalbut et al., 

2012 

Country=USA 

N=104 

Age=37.2±8.6 

Sex=72.1% female 

Patient self-report; percent adherent= 

(duration of treatment  [days] – days of 

dose interruptions) / (duration of 

treatment [days]) x 100; adherent if took 

≥75% total prescribed doses  

 

 

1. Needle gauge 1. Percent adherent: 27-gauge (56.5%) 

vs 30-gauge (98.0%), p<0.001 

Dor et al., 2010 

Country=USA 

N=1,974 

Age=<35 to 64 

Sex=78.6% female 

MPR=percentage of days any MS DMT 

prescribed over the last year of the post-

period 

 

1. Age 

2. Region (Western U.S.) 

3. Pre-period 

anticonvulsant use 

4. Pre-period CNS 

stimulant use 

5. Average coinsurance 

6. Coinsurance payment 

rate squared 

1. Coefficient=35-44: 0.11, p<0.05; 45-

54: 0.12, p<0.0001; 55-64: 0.14, 

p<0.0001 

2. Coefficient=0.11, p<0.05 

3. Coefficient=-0.06, p<0.05 

4. Coefficient=-0.05, p<0.05 

5. Coefficient=-0.0001, p<0.0001 

6. Coefficient=-3.86, p<0.0001 

Fernandez et al., 

2012 

Country=Spain 

N=120 

Age=41.2±11.2 

Sex=64.2% female 

4-item Morisky-Green test; adherent if 

answered correctly to items: Had you 

ever forgotten to inject your 

medication? (No); Are you rigorous in 

regard to your injection yours? (Yes); 

Do you skip your injection hours when 

you are feeling well? (No); When you 

feel worse due to the medicine, do you 

skip your injection? (No)  

1. Age 

2. Comorbidities 

3. Injection site pain 

1. Estimator=-0.03742, SE=0.01686, 

p=0.0283 

2. Estimator=0.89561, SE=0.40723, 

p=0.0298 

3. Rarely/sometimes: 64.3% in adherent 

group vs 38.1% in nonadherent group; 

Very often/always: 35.7% in adherent 

group vs 61.9% in nonadherent group, 

p=0.0486.  
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Table 3.2 Characteristics, Adherence Measure, and Results of the Studies Included in Review, Cont. 

Name of author, 

Year, Country, N, 

Age, and Sex 

Adherence measure Factor(s) significantly 

associated with 

adherence 

Results 

Glanz et al., 2014 

Country=USA 

N=226 

Age=40.8±9.1 to 

51.1±9.3 

Sex=71.7% female 

1-item patient self-report; non-

adherent if missed any doses in past 4 

weeks 

 

 

1. Type of DMT 

2. Treatment 

satisfaction  

1. Complete adherence=GA (52.8%), SC IFN 

beta-1a (77.3%), IM IFN beta-1a (93.2%), 

NTZ (96.9%), p<0.0001 

2. SC IFN beta-1a: Side effects OR=2.24 

(1.00-5.02), p<0.05; Convenience OR=2.06 

(1.19-3.55), p<0.05; Overall satisfaction 

OR=1.42 (1.00-2.00), p<0.05; GA: presence 

of side effects OR=0.44 (0.20-0.96), p<0.05, 

Convenience OR=1.51 (1.17-1.93), p<0.05 

Hadjigeorgiou et 

al., 2014 

Country=Greece 

N=204 

Age=43.6±11.4 

Sex=74.0% female 

Patient-reported (clinician-interview) 

number of doses missed in past 

month  

1. Disease duration  

2. Treatment duration 

3. Disability status  

1. Long duration=0.75±1.24 vs short 

duration=0.44±0.99, t=2.017, p=0.045 

2. Long duration=0.81±1.31 vs short 

duration=0.40±0.88, t=2.636, p=0.009 

3. EDSS ≤2.5=0.37±0.81 vs EDSS 

>3.0=0.88±1.38, t=-3.285, p=0.001 

Halpern et al., 

2011a 

Country=USA 

N=1,381 

Age=39.9±10.1 to 

42.2±9.6 

Sex=79.1% 

MPR=days supply of second-line 

DMT / days on second-line DMT 
 

*Days on second-line DMT=number 

of days from index date until the 

earlier of a DMT switch, or the end 

of post-index period;  

Days on second-line DMT=any and 

all gaps in therapy during defined 

periods 
 

MPR ≥0.80 considered adherent 

1. Type of DMT 

2. Age 

3. Treatment duration 

 

1. NTZ (ref): IM IFN beta-1a OR=0.540 

(0.352-0.829), p=0.005; SC IFN beta-1a 

OR=0.668 (0.468-0.953), p=0.026; IFN 

beta-1b 0.420 (0.273-0.646), p=0.001; GA 

OR=0.542 (0.390-0.754), p=0.001  

2. OR=1.025 (1.013-1.037), p<0.001 

3. OR=0.963 (0.951-0.976), p<0.001 
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Table 3.2 Characteristics, Adherence Measure, and Results of the Studies Included in Review, Cont. 

Name of author, 

Year, Country, 

N, Age, and Sex 

Adherence measure Factor(s) significantly 

associated with adherence 

Results 

Halpern et al., 

2011b 

Country=USA 

N=6,680 

Age=41.1±10.2 

to 42.6±9.9 

Sex=77.4% 

female 

MPR=days supply of index 

DMT / days observed for index 

DMT 

 

*Days observed for index 

DMT=number of days from 

index date until the earlier of 

DMT switch or end of follow-

up period 

 

MPR ≥0.80 considered adherent 

1. Type of DMT 

2. Age 

3. Gender 

4. Treatment duration 

5. Baseline corticosteroid 

use 

1. IM IFN beta-1a (ref): IFN beta-

(0.561–0.768), p<0.001; GA OR=0.749 

(0.665–0.844), p<0.001; SC IFN beta-1a 

OR=0.829 (0.719–0.957), p=0.011  

2. OR=1.011 (1.006-1.016), p<0.001 

3. Male vs female OR=1.266 (1.125-1.426), 

p<0.001 

4. OR=0.990 (0.986-0.996), p<0.001 

5. OR=1.138 (1.024-1.265), p=0.016  

Ivanova et al., 

2012 

Country=USA 

N=648 

Age=41.8±8.1 to 

43.5±8.0 

Sex=65.3% 

female 

MPR=number of days of any 

DMT / 24-month study period  

 

MPR ≥ 80% considered 

adherent  

1. Age 

2. Gender (male) 

3. Depressive disorders 

4. DMD medication use at 

6-month baseline 

5. ED visit at 6-month 

baseline 

6. MS-related direct costs at 

6-month baseline 

7. Total direct costs at 6-

month baseline 

Adherent vs nonadherent group 

1. 43.5±8.0 vs 41.8±8.1, p=0.0152 

2. 38.6% vs 26.0%, p=0.0018 

3. 4.7% vs 9.5%, p=0.0187 

4. 49.1% vs 40.0%, p=0.0317 

5. 17.2% vs 24.0%, p=0.0423 

6. $5,096±$4,352 vs $4,327±$6,171, p<0.0001 

7. $6,805±$5,587 vs $6,114±7,804, p=0.0004 
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Table 3.2 Characteristics, Adherence Measure, and Results of the Studies Included in Review, Cont. 

Name of author, Year, 

Country, N, Age, and Sex 

Adherence measure Factor(s) significantly 

associated with adherence 

Results 

Jones et al., 2013 

Country=USA 

N=5,285 

Age=44.4±10.1 

Sex=Not reported 

MPR=number of days supply 

dispensed / 720 days 

 

MPR ≥ 80% considered adherent 

 

1. Age 

2. Teva-provided injection 

training 

3. Glatiramer acetate 

restart (yes) 

4. Utilizing co-payment 

assistance 

5. Number of Shared 

Solutions nursing 

contacts in 24 months 

1. OR=1.024 (1.018-1.030), p<0.001 

2. OR=1.435 (1.258-1.636), p<0.001 

3. OR=0.605 (0.476-0.769), p<0.001 

4. OR=1.306 (1.109-1.570), p=0.001 

5. MPR<80%: one (11.8%), two to 

three (9.6%), four (1.6%), ≥five 

(2.7%) vs MPR≥80%: one 

(34.0%), two to three (25.5%), 

four (5.0%), ≥five (9.8%), 

p=0.017 

Kleinman et al., 2010 

Country=USA 

N=358 

Age=37.9±1.6 to 41.5±0.1 

Sex=63.7% female 

MPR=number of days supply 

during year following DMT 

initiation / number of days in year 

 

1. Type of DMT 

 

1. IM IFN beta-1a=0.782 

(SE=0.021) vs GA=0.698 

(SE=0.028), p=0.0160.  

Lafata et al., 2008 

Country=USA 

N=224 

Age=46.7±8.7 

Sex=78.5% female 

MPR=days supply between first 

and last dispensing date / total 

number of days between first and 

last dispensing dates within 24-

month observation period 

 

MPR (fixed 24-month 

period)=days supply / total number 

of days during 24-month 

observation period  

 

MPR ≥ 80% considered adherent 

1. Age 

2. Marital status (married) 

3. Race (white) 

4. Copayment 

Adherent vs nonadherent group 

1. 46.7±8.7 vs 42.9±9.4, p<0.05 

2. 72.1% vs 59.3%, p<0.05 

3. 67.7% vs 46.9%, p<0.05 

4. $11.87±7.00 vs $15.00±8.34, 

p<0.05 
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Name of author, Year, 

Country, N, Age, and Sex 

Adherence measure Factor(s) significantly 

associated with adherence 

Results 

Lugaresi et al., 2012 

Country=Italy 

N=119 

Age=37.9±9.7 

Sex=75.6% female 

Autoinjector device; 100 x 

(number of injections patient 

administered) / (expected number 

of injections over 12 weeks; 

adherent if took ≥80% scheduled 

doses  

 

 

 

1. Treatment duration 1. Percentage of patients adherent: 

week four (99.2%), week eight 

(95.6%), week 12 (81.5%), 

p<0.001  

Ozura et al., 2013 

Country=Slovenia 

N=299 

Age=42.0±9.3 

Sex=76.1% female 

Patient self-report using Multiple 

Sclerosis Treatment Adherence 

Questionnaire (MS-TAQ); 

nonadherent if missed ≥1 inject in 

prior 28 days  

1. Type of DMT 

 

1. Avonex (nonadherent=2 vs 

adherent=42), Betaferon (21 vs 

77), Extavia (0 vs 4), Copaxone 

(15 vs 49), Rebif (17 vs 71), 

p=0.005 
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Name of author, 

Year, Country, 

N, Age, and Sex 

Adherence 

measure 

Factor(s) significantly 

associated with 

adherence 

Results 

Reynolds et al., 

2010 

Country=USA 

N=6,134 

Age=42.8±10.0 

to 43.5±9.9 

Sex=78.2% 

PDC=number 

of days 

medication 

supplied in a 

given 6-

month 

window / 183 

days (6 

months) 

 

1. Type of DMT 

2. Prior use of MS 

drug 

3. Age  

4. Cost of MRI 

5. Total pharmacy 

costs 

6. Region  

7. Health-insurance 

provider 

 

1. 1-6 months: IM IFN beta-1a (ref): SC IFN beta-1b (Coefficient=-

0.055, SE=0.010, p<0.0001), GA (Coefficient=-0.046, SE=0.006, 

p<0.0001), SC IFN beta-1a (Coefficient=-0.024, SE=0.007, p=0.002)  

7-12 months: IM IFN beta-1a (ref): SC IFN beta-1b (Coefficient=-

0.058, SE=0.012, p<0.0001), GA (Coefficient=-0.057, SE=0.007, 

p<0.0001) 

13-18 months: IM IFN beta-1a (ref): GA (Coefficient=-0.057, 

SE=0.007, p<0.0001) 

2. 7-12 months: Yes (Coefficient=0.022, SE=0.010, p=0.027)  

3. 1-6 months: 0-34 years old (coefficient=-0.031, SE=0.007, p<0.0001) 

compared to reference group 45-54 years old 

7-12 months: 0-34 years old (coefficient=-0.047, SE=0.008, 

p<0.0001)  

13-18 months: 0-34 years old (coefficient=-0.042, SE=0.009, 

p<0.0001); 55-64 years old (coefficient=0.030, SE=0.010, p=0.002)  

4. 1-6 months: Coefficient=0.000009, SE=0.000002, p<0.0001 

7-12 months: Coefficient=0.000002, SE=00001, p<0.0001 

13-18 months: Coefficient=0.000002, SE=0.000008, p<0.0001 

5. 1-6 months: Coefficient=-0.000002, SE=0.000001, p=0.019 

6. 1-6 months: South (Coefficient=-0.065, SE=0.007, p<0.0001) 

compared to reference group other 

7-12 months: South (Coefficient=-0.070, SE=0.007, p<0.0001)  

13-18 months: South (Coefficient=-0.065, SE=0.008, p<0.0001)  

7. 7-12 months: HMO (Coefficient=-0.014, SE=0.006, p=0.023) 

compared to reference group other 

13-18 months: HMO (coefficient=-0.019, SE=0.007, p=0.006)  
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Name of author, 

Year, Country, 

N, Age, and Sex 

Adherence measure Factor(s) significantly 

associated with adherence 

Results 

Saiz et al., 2015 

Country=Spain 

N=220 

Age=39.1±9.8 

Sex=70.5% 

female 

4-item Morisky-Green test; 

adherent if answered optimally 

to items: Did you ever forget to 

take your MS medication? Did 

you take your medication on 

schedule? When you felt better, 

did you stop taking your 

medication? If you felt worse 

after taking your medication, 

did you stop taking it?  

1. Disease duration 

2. Disability (EDSS) 

3. Treatment change  

4. Reasons for treatment change 

(relapses)  

5. Treatment satisfaction  

 

Adherent vs nonadherent group 

1. 6.4±5.8 years vs 9.1±5.8, p=0.0003 

2. 0-3.5: 87.8% vs 73.2%, >3.5-5.0: 9.8% vs 

21.4%, >5.0: 2.4% vs 3.6%, p=0.0456 

3. 31.1% vs 53.6%, p=0.0026 

4. 17.7% vs 39.3%, p=0.0009 

5. Effectiveness: 65.8±20.4 vs 58.7±21.5, 

p=0.0275; Convenience: 61.9±19.4 vs 

55.3±18.1, p=0.0257 

 

Siegel et al., 

2008 

Country=USA 

N=54 

Age=51.2±9.7 

Sex=14.3% 

female 

1-item patient self-report; total 

doses take / total prescribed 

doses; adherent if ≥80% doses 

taken  

1. Social support (supportive 

qualities of caregiver 

relationship) 

 

1. OR=3.58 (1.09-11.80), p=0.04 
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Table 3.2 Characteristics, Adherence Measure, and Results of the Studies Included in Review, Cont. 

Name of author, 

Year, Country, 

N, Age, and Sex 

Adherence measure Factor(s) significantly 

associated with adherence 

Results 

Tan et al., 2011 

Country=USA 

N=2,446 

Age=41.9±10.1 

Sex=74.9% 

female 

MPR=total days 

supply of any DMT 

dispensed or 

administered during 

the period / total 

number of days over 

the post-index 12-

month period 

 

MPR ≥ 80% 

considered adherent 

1. Type of DMT 

2. Age 

3. Depression  

4. Pre-index 6-month 

healthcare utilization 

(MS-related 

hospitalization) 

5. Health plan region 

6. Health plan type 

Adherent vs nonadherent group 

1. IM IFN beta-1a (29.3%), SC IFN beta-1a (25.2%), IFN 

beta-1b (10.4%), GA (35.1%) vs IM IFN beta-1a 

(31.2%), SC IFN beta-1a (17.8%), IFN beta-1b (15.2%), 

GA (35.8%), p<0.001 

2. 42.6±10.2 vs 40.9±10.0, p<0.001 

3. 6.0% vs 8.7%, p=0.011 

4. 10.8% vs 13.8%, p=0.028 

5. Northeast (24.7%), Midwest (30.1%), Southeast/mid-

Atlantic (20.2%), West (25.0%) vs Northeast (19.6%), 

Midwest (24.2%), Southeast/mid-Atlantic (26.6%), West 

(29.7%), p<0.001  

6. Health maintenance organization (HMO)/Point of 

service (POS) (31.8%), PPO (64.3%), others (3.9%) vs 

HMO/POS (36.6%), PPO (56.9%), Others (6.5%), 

p<0.001 

Tarrants et al., 

2011 

Country=USA 

N=872 

Age=unknown 

Sex=87.4% 

MPR=percentage of 

days the DMT was 

available / days in 1-

year post-period  

 

 

1. Depression 

 

1. OR=0.55 (0.42-0.74), p<0.05 
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Table 3.2 Characteristics, Adherence Measure, and Results of the Studies Included in Review, Cont. 

Name of author, 

Year, Country, N, 

Age, and Sex 

Adherence measure Factor(s) significantly 

associated with 

adherence 

Results 

Treadaway et al., 

2009 

Country=USA 

N=798 

Age=43.4±9.7 

Sex=76.7% female 

Patient self-report; 

nonadherent if missed 

any inject within last 4 

weeks 

1. Age 

2. Age at diagnosis 

3. Disease duration 

4. Prior DMT use  

5. Quality of life-

Physical 

6. Quality of life-

mental 

7. Depression  

8. Sense of hope 

9. Perceived 

satisfaction  

Adherent group vs nonadherent group 

1. 44.2±9.58 vs 42.2±9.64, p=0.0034 

2. 37.0±9.16 vs 34.6±8.69, p=0.0002 

3. ≤3 years (38.2 %), 4-6 years (21.5%), 7-10 years (16.6%), 

>10years (23.7%) vs ≤3 years (27.8%), 4-6 years (27.2%), 

7-10 years (20.1%), >10 years (24.9%), Χ
2
, p=0.0185 

4. 70.5% vs 40.6%,  p=0.0013 

5. 59.7±20.7 vs 55.2±19.7, p=0.0020 

6. 69.5±20.5 vs 63.1±21.6, p<0.0001 

7. 2.7±3.1 vs 3.5±3.3, p=0.0009 

8. 39.5±5.7 vs 38.2±5.9, p=0.0024 

9. Very satisfied (52.8%), somewhat satisfied (35.2%), 

neither satisfied or dissatisfied (10.0%), Somewhat 

dissatisfied (1.8%), Very dissatisfied (0.2%) vs 38.8%, 

36.6%, 18.4%, 5.5%, 0.6%, respectively, p<0.0001 

Tremlett et al., 

2008 

Country=Tasmani

a 

N=97 

Age=47.2±10.3 

Sex=70.1% female 

Patient self-report; 

doses missed in last 

six months: fully 

adherent (missed no 

doses), missed few 

doses (missed 1-5 

doses), missed 

multiple doses (missed 

>5 doses) 

1. Type of DMT 

2. Ever missed dose in 

month prior to 

baseline (yes) 

1. IFN beta-1a vs GA (ref); OR: 0.1 (0.03-0.05), p=0.005 

2. OR: 5.9 (2.3-15.1), p<0.0005 
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Table 3.2 Characteristics, Adherence Measure, and Results of the Studies Included in Review, Cont. 

Name of author, Year, 

Country, N, Age, and Sex 

Adherence measure Factor(s) significantly associated 

with adherence 

Results 

Turner et al., 2007 

Country=USA 

N=89 

Age=51.4±9.3 

Sex=20.2% female 

1-item patient self-

report; total doses taken 

divided by total 

prescribed doses; 

adherent if ≥ 80% 

1. Age 

2. Disease duration 

3. Perceived severity  

4. Perceived benefits  

1. OR=1.14 (1.01-1.29), p<0.05 

(at 4 months) 

2. OR=0.83 (0.72-0.96), p<0.05 

3. OR=2.29 (1.02-5.13), p<0.05 

(at 4 months) 

4. OR=4.07 (1.23-13.44), p<0.05 

(at 4 months)  

5. OR=2.49 (1.01-6.17), p<0.05 

(at 6 months) 

Turner et al., 2009 

Country=USA 

N=67-85 

Age=51.4±9.3 

Sex=20.2% female 

1-item patient self-

report; total doses taken 

divided by total 

prescribed doses; 

adherent if ≥ 80% 

1. Age 

2. Injection anxiety 

 

1. OR=1.10 (1.012-1.19), p<0.05 

(at 4 months) 

2. OR=0.44 (0.20-0.96), p<0.05 

(at 4 months) 

OR=0.53 (0.28-0.99), p<0.05 

(at 6 months) 

Wicks et al., 2011 

Country=Sample from online 

community (analysis 

conducted in USA) 

N=431 

Age=44.0±10.0 to 48.0±11.0 

Sex=79.4% female 

Patient self-report; 

number of missed doses 

divided by number of 

prescribed doses over 28 

day period 

1. Depression 

2. Anxiety 

3. Perceived barriers 

4. Coping strategies 

5. Perceived convenience  

6. Treatment satisfaction  

1. r=0.21, p=0.02 

2. r=0.21, p=0.02 

3. r=0.50, p<0.001 

4. r=-0.30, p=0.003  

5. r=0.33, p<0.001  

6. r=-0.30, p=0.001  
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3.6  Discussion 

 Factors from all five domains of the WHO MAM were found to be significantly 

associated with DMT adherence.  Although many are innate to the patient and non-

modifiable (e.g., age, race, gender, comorbidities), at least recognizing that these factors 

are associated with medication adherence may help researchers and clinicians to identify 

patients who may be at risk for less than optimal adherence.  For example, Treadaway 

and colleagues (2009) found that adherent patients were significantly older at diagnosis 

than non-adherent patients; thus, clinicians may need to pay extra attention to the 

medication-taking behavior of patients who are younger at diagnosis.  

Modifiable Risk Factors of Medication Nonadherence 

Social and Economic Factors 

Social Support 

 Fortunately, several of the identified factors are modifiable, which provides 

opportunities to create strategies and interventions aimed at improving medication 

adherence.  Among the social and economic factors, social support was significantly 

associated with medication adherence (Devonshire, V., 2011).  According to Oermann 

(1991), social support is comprised of four dimensions: appraisal support to one’s 

importance (validation, integration and feedback), informational support (provision of 

advice, guidance, and problem solving), instrumental support (provision of tangible 

support and material aid), and emotional support (provision of confidant support).  The 

importance of social support in the management of chronic illness has been well 
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established in the literature (Gallant 2003); however, there is a dearth of social support 

interventions that have specifically targeted medication adherence.   

 One potential approach for increasing social support is to organize a formal, 

clinician-led MS support group where patients can connect with one another.  MS 

patients with similar medication regimens will likely share similar disease and 

medication-related frustrations and triumphs.  Patients may share their personal tips and 

strategies for overcoming barriers to medication adherence, while their peers may provide 

validation and feedback.  Furthermore, patients may have the opportunity to share their 

concerns with the clinician who can efficiently provide counsel to multiple patients at one 

time.  Through this avenue, multiple dimensions of social support (e.g., appraisal, 

informational) may be improved.   

Healthcare Plan Characteristics 

 Also among social and economic factors, healthcare plans (e.g., type, insurance 

provider) and healthcare costs (e.g., copayment, average coinsurance, pharmacy costs, 

total direct costs) were significantly related to medication adherence.  Although it is 

possible to change these factors, most of these changes cannot be easily implemented, 

particularly not by the patient or clinician.  From a health plan perspective, lowering the 

out-of-pocket cost for patients (e.g., lower copayment or lower percentage of drug price 

paid by patient through coinsurance) may be a possible solution to improving medication 

adherence and lowering future healthcare utilization and costs.  

Healthcare System-related Factors 

Patient-Provider Communication 
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 Among healthcare system-related factors, neurologist discussions of adherence at 

treatment initiation and follow-up were significantly associated with medication 

adherence, as well as the number of contacts with Shared Solutions nurses (a 

manufacturer-provided service).  Communication between patients and healthcare 

providers is among the critical components of providing and receiving effective 

healthcare.  One potential approach to facilitating discussion about adherence to DMT is 

to use a patient-reported questionnaire of medication-taking behavior such as the 

Multiple Sclerosis Treatment Adherence Questionnaire (MS-TAQ) (Wicks et al. 2011).  

The MS-TAQ is a 30-item questionnaire that allows researchers and healthcare providers 

to assess medication adherence, barriers to adherence, side effects, and coping strategies.  

Utilizing such an instrument may allow patients to become more aware and take a more 

active role in their disease and medication management.  In addition, information from 

the tool may allow healthcare providers to understand the specific issues patients are 

having with their medications and may provide a framework in which to tailor 

discussions such that they are focused on what is most important to patients.   

Condition-related Factors 

Symptom Experience 

 Among condition-related factors, several MS-related symptoms (e.g., depression, 

disability status, anxiety, fatigue) were associated with medication adherence.  Symptoms 

vary from patient to patient, and the management of these symptoms is an ongoing 

process that requires patient-centered and tailored strategies.  Recognizing patients’ 

symptoms and managing them through the most appropriate practices, whether they be 
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pharmacotherapy, physical and/or psychosocial therapy, may help to directly relieve 

patients’ symptoms and indirectly mitigate the downstream consequence of medication 

nonadherence.  

Therapy-related Factors 

Type of DMT 

 Among therapy-related factors, type of DMT was significantly associated with 

medication adherence.  For patients that are naïve to therapy, starting the patient on a 

DMT that is associated with greater adherence may be an effective strategy.  However, 

several factors must be considered with the start of any new DMT, including tolerability, 

effectiveness, contraindications, patient preferences, adherence, and health plan coverage.  

As a result of having to consider all of these factors in the initial treatment decision, it 

may not always be possible to start a patient on a DMT that historically has the best 

adherence.  For patients experiencing poor adherence on their current DMT, it may be 

possible to switch therapies.  However, again, the previously mentioned factors (e.g., 

tolerability, effectiveness, contraindications) must be weighed and balanced, which may 

make it difficult to switch therapies solely for adherence reasons.  

DMT Administration 

 Characteristics of DMT and of DMT administration were also among the therapy-

related factors associated with medication adherence (i.e., needle gauge, ease of injection, 

injection site pain, injection anxiety, receiving injection training).  The majority of DMTs 

are injectable.  With injectable DMTs, patients may experience a number of challenges, 

including injection anxiety (Mohr et al. 2001; Mohr et al. 2005), weariness (De Seze et 
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al. 2012), inconvenience (Treadaway et al. 2009), and side effects.  In MS, it has been 

reported that as many as 50 percent of patients may have difficulty with self-injections, 

with injection anxiety being one of the greatest barriers (Mohr et al. 2001).  Some 

patients may even rely on others to inject their DMT, which may present a problem if no 

one is available to assist the patient.   

 Although clinicians are responsible for training MS patients to self-inject, patients 

experiencing injection anxiety may require additional education and encouragement over 

standard practices.  Formal interventions have been developed to help patients overcome 

injection anxiety.  For example, in a six-session cognitive-behavioral therapy 

intervention, MS patients with injection anxiety or injection phobia were able to 

significantly improve their ability to self-inject (Mohr et al. 2001; Mohr et al. 2002).  In 

addition, several pharmaceutical manufacturers have developed auto-injection systems 

that offer automated needle withdrawal and reduced needle sizes.  These devices may 

potentially ease the injection process by reducing the frequency of side effects (e.g., 

injection-site reactions) and weariness of injections, particularly with regimens that 

require a high frequency of administration. Adopting these strategies may help patients 

experience ease of injection, manage injection site pain, and subsequently improve 

medication adherence.  

Patient-related Factors 

Treatment Satisfaction 

 Most of the modifiable factors significantly associated with medication adherence 

were patient-related.  Among these factors, treatment satisfaction was the most prevalent.  
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In a review of studies assessing the link between medication adherence, persistence, and 

treatment satisfaction, Barbosa et al. (2012) found that 16 studies demonstrated a 

statistically significant link between satisfaction and medication adherence or persistence.  

Among these, 10 were specifically focused on medication adherence.  All studies found 

that greater treatment satisfaction was associated with higher medication adherence.  

Treatment satisfaction can provide information on the acceptability of a treatment or 

service and help reveal the areas that need improvement.  Furthermore, it can be used as a 

tool to screen for patients who may become nonadherent due to unsatisfactory 

components of their medication (Atkinson et al. 2005).   Several tools have been 

developed to assess treatment satisfaction, such as the Treatment Satisfaction 

Questionnaire for Medication (TSQM).  Clinicians may administer these tools to patients 

to determine which factors (e.g., side effects, convenience) are most problematic, and 

discussions between the clinician and the patient can be tailored to these patient-centered 

issues.  

Patients’ Beliefs about Disease and Treatment 

 Finally, various factors (e.g., perceived severity, perceived benefits, perceived 

barriers, and perceived convenience) pertaining to patients’ beliefs were significantly 

associated with medication adherence.  The association between patients’ beliefs and 

medication adherence is well established in the literature, with some studies suggesting 

that beliefs are the strongest predictor of adherence (Horne and Weinman 1999; Berglund 

et al. 2013).  Not unexpectedly, many of the well-established theoretical models of 

behavioral-change and individual decision-making used in health services research (e.g., 
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Theory of Reasoned Action, Theory of Planned Behavior, Health Belief Model, 

Andersen’s Behavioral Model of Healthcare Utilization) are focused on patients’ beliefs.  

An important reason for focusing on patients’ beliefs when studying medication 

adherence is that beliefs tend to be fixed over time unless an intervention is made 

(Porteous et al. 2010).  This suggests that patients’ beliefs may be modified, if needed.  

Interventions should target patients’ misconceptions about the disease or treatment so that 

patients can make informed decisions about MS management.  In addition, interventions 

could also aim to improve patients’ experiences with the management of MS so that these 

positive experiences could help to bolster positive beliefs (e.g., treatment effectiveness) 

and ease negative beliefs (e.g., manageability of disease), which in turn may improve 

medication adherence.   

Study Limitations 

It is important to note that findings from this study should be considered in light 

of some limitations.  Although this study reported several factors significantly associated 

with medication adherence, causation cannot be assumed.  Furthermore, directionality of 

relationships for several factors (i.e., adherence causing factor or factor causing 

adherence) cannot be assumed due to limitations of study designs (e.g., cross-sectional) 

and statistical tests (e.g., bivariate analyses).  Lastly, considerable effort was made to 

include all relevant articles; however, it is possible that some eligible studies and findings 

were unintentionally omitted.   
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3.7  Conclusion 

 MS is a chronic and debilitating disease that requires long-term use of 

medications.  Poor adherence to DMTs is a significant issue in MS patients that may 

increase the number and severity of relapses and may result in more rapid progression of 

the disease (Ivanova et al. 2012).  This review found that several modifiable and non-

modifiable factors put patients at risk for medication nonadherence across all five 

domains of the WHO MAM (including social and economic, healthcare system, 

condition, therapy, patient factors). Future strategies and interventions aimed at 

improving patients’ medication adherence should target these modifiable risk factors.   

  



   

125 

References 

Agashivala N, Wu N, Abouzaid S, et al. Compliance to fingolimod and other disease 

modifying treatments in multiple sclerosis patients, a retrospective cohort study. BMC 

Neurol. 2013;13:138. 

 

Arroyo E, Grau C, Ramo-Tello C, et al.  Adherence to disease-modifying therapies in 

Spanish patients with relapsing multiple sclerosis: Two-year interim results of the Global 

Adherence Project. Eur Neurol. 2011;65(2):59-67. 

 

Atkinson MJ, Kumar R, Cappelleri JC, Hass SL. Hierarchical construct validity of the 

treatment satisfaction questionnaire for medication (TSQM version II) among outpatient 

pharmacy consumers. Value Health. 2005;8(1):s9-s24 

 

Barbosa CD, Balp MM, Kulich K, et al. A literature review to explore the link between 

treatment satisfaction and adherence, compliance, and persistence. Patient Prefer 

Adherence. 2012;6:39-48.  

 

Berglund E, Lytsy P, Westerling R. Adherence to and beliefs in lipid-lowering medical 

treatments: a structural equation modeling approach including the necessity-concern 

framework. Patient Edu Couns. 2013;92(1):105-112.  

 

Bergvall N, Petrilla AA, Karkare Su, et al. Persistence with and adherence to fingolimod 

compared with other disease-modifying therapies for the treatment of multiple sclerosis: 

a retrospective US claims database analysis. J Med Econ. 2014;17(10):696-707. 

 

Bruce J. Treatment adherence in multiple sclerosis: association with emotional status, 

personality, and cognition. J Behav Med. 2010a;33:219-227. 

 

Bruce J. Objective adherence monitoring in multiple sclerosis: initial validation and 

association with self-report. Mult Scler. 2010b;16(1):112-120.  

 

Cerghet M, Dobie E, Lafata J, et al. Adherence to disease-modifying agents and 

association with quality of life among patients with relapsing-remitting multiple sclerosis. 

Int J MS Care. 2010;12:51–58. 

 

Dennis CL. Peer support within a health care context: a concept analysis. Int J 

Nurs Stud. 2003;40(3):321-332. 

 

De Seze J, Borgel F, Brudon F. Patient perceptions of multiple sclerosis and its treatment. 

Patient Prefer Adherence. 2012;6:263-273. 

 



   

126 

Devonshire V, Lapierre Y, Macdonell R. The Global Adherence Project (GAP): A 

multicenter observational study on adherence to disease‐modifying therapies in patients 

with relapsing‐remitting multiple sclerosis. Eur J Neurol. 2011;18(1):69-77. 

 

Dhib-Jalbut S, Markowitz C, Patel P, et al. The combined effect of nursing support and 

adverse event mitigation on adherence to interferon beta-1b therapy in early multiple 

sclerosis. Int J MS Care. 2012;14:198-208. 

 

Fernandez O, Aguera E, Izquierdo G, et al. Adherence to interferon beta-1b treatment in 

patients with multiple sclerosis in Spain. PLoS One. 2012;7(5):e35600. 

 

Gallant MP. The influence of social support on chronic illness self-management: a 

review and directions for research. Health Educ Behav. 2003;30:170-194.  

 

Glanz BI, Musallam A, Rintell DJ, et al. Treatment satisfaction in multiple sclerosis. Int J 

MS Care. 2014;16(2):68-75. 

 

Goodin DS, Frohman EM, Garmany GP, Halper J, Likosky WH, Lublin FD, Silberberg 

DH, Stuart WH, van den Noort S. Disease modifying therapies in multiple sclerosis: 

Subcomittee of the American Academy of Neurology and the MS Council for Clinical 

Practice Guidelines. Neurology 2002;58:169-178.  

 

Hadjigeorgiou G, Dardiotis E, Tsivgoulis G, et al. Observational study assessing 

demographic, economic and clinical factors associated with access and utilization of 

health care services of patients with multiple sclerosis under treatment with interferon 

beta-1b (EXTAVIA). PLoS One.2014;9(11):e113933. 

 

Halpern R, Agarwal S, Borton L, et al. Adherence and persistence among multiple 

sclerosis patients after one immunomodulatory therapy failure: retrospective claims 

analysis. Adv Ther.2011;28(9):761-775. 

 

Halpern R, Agarwal S, Dembek C, et al. Comparison of adherence and persistence 

among multiple sclerosis patients treated with disease-modifying therapies: a 

retrospective administrative claims analysis. Patient Prefer Adherence. 2011;5:73-84. 

Horne R, Weinman J. Patients' beliefs about prescribed medicines and their role in 

adherence to treatment in chronic physical illness. J Psychosom Res. 1999;47(6):555–

567. 

 

Ivanova JI, Bergman RE, Birnbaum HG, et al. Impact of medication adherence to 

disease-modifying drugs on severe relapse, and direct and indirect costs among 

employees with multiple sclerosis in the US. J Med Econ. 2012;15(3):601-609.  

 



   

127 

Jones JL, Scheidt DJ, Kaushal RS, Carroll CA. Assessing the role of patient support 

services on adherence rates in patients using glatiramer acetate for relapsing-remitting 

multiple sclerosis. J Med Econ. 2013;16(2):213-220.  

 

Kleinman NL, Beren IA, Rajagopalan K, Brook RA. Medication adherence with disease 

modifying treatments for multiple sclerosis among US employees. J Med Econ. 

2010;13(4):633-640. 

 

Lafata JE, Cerghet M, Dobie E, et al. Measuring adherence and persistence to disease-

modifying agents among patients with relapsing remitting multiple sclerosis. J Am Pharm 

Assoc. 2008;48:752-757. 

 

Lugaresi A, Florio C, Brescia-Morra V, et al. Patient adherence to and tolerability of self-

administered interferon β-1a using an electronic autoinjection device: a multicentre, 

open-label phase IV study. BMC Neurol. 2012;12:7.  

 

Menzin J, Caon C, Nichols C, et al. Narrative review of the literature on adherence to 

disease-modifying therapies among patients with multiple sclerosis. J Manag Care 

Pharm. 2013;19:s24-s40 

 

Mohr DC, Boudewyn AC, Likosky W, et al. Injectable medication for the treatment of 

multiple sclerosis: the influence of self-efficacy expectations and injection anxiety on 

adherence and ability to self-inject. Ann Behav Med. 2001 Spring;23(2):125-32. 

 

Mohr DC, Cox D, Merluzzi N. Self-injection anxiety training: a treatment for patients 

unable to self-inject injectable medications. Mult Scler. 2005 Apr;11(2):182-185.  

 

Mohr DC, Cox D, Epstein L, Boudewyn A. Teaching patients to self-inject: pilot study of 

a treatment for injection anxiety and phobia in multiple sclerosis patients prescribed 

injectable medications. J Behav Ther Exp Psychiatry. 2002;33:39-47. 

 

National Multiple Sclerosis Society. About MS: what we know about MS. 

http://www.nationalmssociety.org/about-multiplesclerosis/what-we-know-about-

ms/index.aspx. Accessed April 6, 2015 

 

Oermann MH. Professional nursing practice: a conceptual approach. Philadelphia, 

PA: Lippincott; 1991. 

 

Ozura A, Kovac L, Sega S. Adherence to disease-modifying therapies and attitudes 

regarding disease in patients with multiple sclerosis. Clin Neurol Neurosurg. 2013;115 

(Suppl 1):S6-11. 

 



   

128 

Porteous T, Francis J, Bond C, Hannaford P. Temporal stability of beliefs about 

medicines: implications for optimising adherence. Patient Educ Couns. 2010;79(2):225–

230.  

 

Reynolds, MW, Stephen R, Seaman C, Rajagopalan K. Persistence and adherence to 

disease modifying drugs among patients with multiple sclerosis. Curr Med Res Opin. 

2010;26(3):663-674. 

 

Sabate E. Adherence to long-term therapies: evidence for action IN: World Health 

Organization, ed.2003.  

 

Saiz A, Mora S, Blanco J, et al. Therapeutic compliance of first line disease-modifying 

therapies in patients with multiple sclerosis. COMPLIANCE Study. Neurologia. 

2015;30(4):214-222. 

 

Sharaf F. Impact of health education on compliance among patients of chronic diseases in 

Al Qassim. Int J Health Sci. 2010;4(2):139-148.  

 

Siegel, SD. Adherence to disease-modifying therapies in multiple sclerosis: Does 

caregiver Social Support Matter? Rehabil Psychol. 2008;53(1):73-79. 

 

Tan, H. Impact of adherence to disease-modifying therapies on clinical and economic 

outcomes among patients with multiple scloerosis. Adv Ther. 2011;28(1):51-61. 

 

Tarrants M, Oleen-Burkey M, Castelli-Haley J, Lage MJ. The impact of comorbid 

depression on adherence to therapy for multiple sclerosis. Mult Scler Int. 2011.  

 

Treadaway K, Cutter G, Salter A, et al. Factors that influence adherence with disease-

modifying therapy in MS. J Neurol. 2009;256(4):568-576. 

 

Tremlett H, Van Der Mei I, Pittas F, et al. Adherence to the immunomodulatory drugs for 

multiple sclerosis: contrasting factors for multiple sclerosis: contrasting factors affect 

stopping drug and missing doses. Pharmacoepidemiol Drug Saf. 2008;17:565-576.  

 

Turner AP, Williams RM, Sloan AP, Haselkorn JK. Injection anxiety remains a long-

term barrier to medication adherence in multiple sclerosis. Rehabil Psychol. 

2009;54(1):116-121. 

 

Turner AP, Kivlahan DR, Sloan AP, Haselkorn JK. Predicting ongoing adherence to 

disase modifying therapies in multiple sclerosis: utility of the health beliefs model. Mult 

Scler. 2007;13:1146-1152.  

 



   

129 

Wicks P, Massagli M, Kulkarni A, Dastani H. Use of an online community to develop 

patient-reported outcome instruments: the multiple sclerosis treatment adherence 

questionnaire (MS-TAQ). J Med Internet Res. 2011;13(1):e12.  

 

Willis H, Webster J, Larkin AM, Parkes L. An observational, retrospective, UK and 

Ireland audit of patient adherence to subcutaneous interferon beta-1a injections using the 

RebiSmart® injection device. Patient Prefer Adherence. 2014;8:843-851. 

 

 

 

  



   

130 

CHAPTER FOUR:  STUDY 2 

A QUALITATIVE ASSESSMENT OF MULTIPLE SCLEROSIS 

PATIENTS’ EXPERIENCES WITH DISEASE MODIFYING 

THERAPIES  

 

4.1  Abstract 

Background: Adherence to disease modifying therapy (DMT) is a challenge for many 

patients with multiple sclerosis (MS).  Poor adherence to DMT may lead to relapse or 

progression of MS, which worsens patient outcomes.  Understanding patients’ 

experiences with DMT may lead to evidence-based, patient-centered interventions that 

help patients improve their medication-taking behavior and downstream DMT adherence.  

Thus, the objective of this study was to qualitatively explore patients’ experiences with 

DMT to better understand complex and multifactorial causes of decreased adherence 

among MS patients. 

Methods: Patients aged 18 years or older, diagnosed with relapsing MS and prescribed 

an injectable or oral DMT were eligible to participate in the focus groups.  Three separate 

focus groups, based on currently prescribed DMT (injectable, oral, and mix of injectable 

and oral groups), were conducted in Austin, TX in November 2015.  Three main areas of 

discussion were: medication burden, barriers of adherence, and coping strategies.  An 

inductive content analysis was used to identify emergent themes from the data. 

Results: Twenty-six MS patients were assigned to one of three focus groups: injectable 

(n=10), oral (n=6), or mix of injectable and oral (n=10).  A majority were female (65.4%) 
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and Caucasian (73.1%).  On average, patients were 49.6±9.2 years old and had MS for 

12.3±6.6 years.  Three major themes emerged: barriers to DMT adherence, facilitators of 

DMT adherence (currently used), and facilitators of DMT adherence (desired).  Some 

sub-themes differed between patients taking injectable and oral DMTs.  Overall, 

participants experienced several DMT-related issues or barriers to adherence (e.g., 

administration, storage, memory, lack of motivation).  These barriers often had a direct 

impact on adherence; however, patients were able to manage or cope with some of the 

issues. Patients utilized various strategies, such as industry-sponsored support programs 

and reminder devices, to improve adherence and expressed their desire for easier DMT 

administration and ordering processes.   

Conclusions: This study identified multiple barriers to DMT adherence and various 

methods and strategies employed by patients to improve adherence.  Findings from this 

study may be used to tailor initiatives aimed at improving adherence, which may help 

patients realize full clinical benefits of DMT.  
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4.2  Practice Points 

 Patients experienced several DMT-related issues or barriers to adherence that 

directly impacted DMT adherence and contributed to overall DMT burden.  

 Patients utilized various strategies and techniques (e.g., rituals and routines, phone 

apps) to overcome DMT-related issues.  

 Patient-centered interventions aimed at improving DMT adherence should target 

the DMT-related issues most burdensome to patients, such as those identified in 

this study, and also consider and incorporate the existing strategies and techniques 

that patients have already implemented in their medication management.   
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4.3  Introduction  

Multiple sclerosis (MS) is a debilitating disease of the central nervous system that 

affects approximately 400,000 persons in the U.S. and 2.3 million worldwide (National 

MS Society).  While there is no cure for MS, several disease modifying therapies (DMTs) 

have been approved to achieve the goal of terminating inflammation and reducing axonal 

damage (characterizations of disease progression) (Multiple Sclerosis Therapy Consensus 

Group et al. 2008).  Currently, there are 13 DMTs approved by the U.S. Food and Drug 

Administration (FDA) for use in relapsing forms of MS (National MS Society).  While 

each DMT has been shown to reduce annualized relapse rates, adherence to therapy is 

needed to achieve optimal clinical benefit.   

 Adherence is defined 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” (Sabate 2003).   Previous studies have 

found that adherence to DMTs among patients with MS is suboptimal with rates ranging 

between 41 percent and 88 percent (Menzin et al. 2013).  On average, patients that are 

adherent to DMT experience significantly lower direct medical and indirect costs (Tan et 

al. 2011; Ivanova et al. 2012) and a lower rate of severe relapses (Ivanova 2012) 

compared to their non-adherent counterparts.   Thus, there is a significant need to address 

poor adherence to DMTs given its negative impact on downstream clinical and economic 

outcomes.   

 There are a number of treatment-related factors that have been identified as 

barriers to DMT adherence, including medication characteristics (i.e., route and 
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frequency of administration), injection anxiety (Treadaway, Cutter, and Salter 2009; 

Devonshire et al. 2010; Arroyo et al. 2011; Ozura, Kovac, and Sega 2013; Di Battista et 

al. 2014), weariness (Treadaway et al. 2009; Devonshire et al. 2010; Arroyo et al. 2011; 

De Seze, Borgel, and Brudon 2012; Ozura et al. 2013; Di Battista et al. 2014), 

inconvenience (Treadaway et al. 2009; Di Battista et al. 2014), and presence of side 

effects (Treadaway et al. 2009; Bruce, Hancock, and Lynch 2010; Devonshire et al. 2010; 

Devonshire et al. 2011; Lugaresi et al. 2012; Ozura et al. 2013; Arroyo et al. 2014; 

Bergvall et al. 2014; Di Battista et al. 2014).  Nevertheless, adherence to DMT remains a 

multi-faceted, complex behavior that is not fully understood.  A comprehensive 

understanding of treatment and other experience-based barriers of adherence may help to 

guide future adherence interventions.  

 To be effective, interventions should aim to be patient-centered such that they are 

helping patients overcome the barriers to adherence that are most pertinent to them.  

Thus, a more comprehensive understanding of patients’ experiences with their DMTs 

may help to improve the effectiveness of medication adherence interventions.  One 

approach to better understanding patients’ experiences is to use focus groups (FGs).   

 FGs are a well-established tool in market research and are often used in 

qualitative health services research to explore complex topics (Basch 1987).  The benefit 

of FGs is that they provide a comfortable environment where individuals sharing a 

common experience may interact and share their opinions (Basch 1987).  This dynamic 

interaction promotes the disclosure of opinions and beliefs that often do not emerge from 
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other forms of questioning, such as mail and telephone surveys.  As a result, the data are 

often much richer than what could be collected through other research methodologies.  

 Thus, in order to identify the universe of issues relevant to patients’ use of DMTs, 

the objective of this study was to use FGs to investigate patients’ experience with DMTs.  

4.4  Methods 

4.4.1 STUDY DESIGN 

This is a qualitative study utilizing FGs to investigate MS patients’ experience 

with their current DMT.  The use of FGs is particularly valuable for understanding 

phenomenon from the perspectives of those who are experiencing it (Marshall and 

Rossman 2015).  

4.4.2 PARTICIPANT RECRUITMENT 

To be included in the study, participants had to be aged 18 or older, diagnosed 

with relapsing form of MS, and currently prescribed an oral or injectable FDA-approved 

DMT.  To capture a wide range of perspectives, efforts were made to recruit a diverse 

sample in terms of disease duration, treatment, gender, ethnicity, and socioeconomic 

status.  

 Recruitment was conducted by Tammadge Market Research via phone using the 

following sources: Tammadge’s established database, local non-profit MS support 

groups, the local chapter of National MS Society, and a list of local neurologists.  All 

prospective participants were screened through a brief telephone interview to assess 
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whether or not they met the study inclusion criteria.  Eligibility was based on self-

reported data from prospective participants.    

4.4.3 DATA COLLECTION 

Twenty-six participants were assigned to one of three FGs: 1) participants 

currently taking an injectable DMT (N=10), 2) participants currently taking an oral DMT 

(N=6), or 3) a mix of participants taking either an injectable or oral DMT (N=10).  Each 

FG included 6 to 10 participants, which is in line with the standard suggested size of 6 to 

12 (Kreuger 1998; Brown 1999).  Each FG lasted approximately one hour.  

FGs were moderated by a trained qualitative researcher using a semi-structured 

discussion guide (Table 4.1).  In addition, another researcher trained in qualitative 

research methods took field notes during each FG session to add clarity to the transcripts.  

The FGs were video recorded and transcribed into text for data analysis.  

The study protocol was approved by the University of Texas at Austin 

Institutional Review Board. Written and informed consent was obtained after the 

moderator fully explained the purpose and process of the study as well as confidentiality 

issues.  FG participants each received $100 upon completion of the full session. 

4.4.4 FOCUS GROUP TOPICS 

FG participants were asked open-ended questions to better understand the views 

of MS participants in three broad areas: 1) overall medication burden, 2) barriers to and 

facilitators of adherence, and 3) coping strategies.  By asking open-ended questions using 

an interview guide approach, a few general topics are explored to help uncover the 
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participant’s perspective while still allowing a participant to structure his/her own 

response (Marshall and Rossman 2015).  A semi-structured discussion guide was 

developed for this study and included six questions (with additional prompts and probes) 

related to the three general topic areas.  Prior to beginning the FGs and throughout the FG 

discussions, the moderator asked participants to think about and to respond to the 

questions with regard to their experience with their current DMT.   
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Table 4.1 Focus Group Questions and Probes 

1. How does your MS medication affect your body and your everyday life? 

 What other aspects important to you are impacted by your MS 

medication? 

 Does your MS medication prevent you from doing anything you wish to 

do? 

2. What types of things or issues do you experience that may prevent you from taking 

your MS medication?  Please be specific.  

 If mentioned, probe: side effects that affect adherence 

 Probe: ensure all things and issues are disclosed  

3. Are there situations to call forward where/when it’s difficult to take your MS 

medication?  Think about yourself here.  

 If needed, probe: traveling, social situations, at work, etc.  

4. What types of things would make it easier for you take your MS medication? 

 Prompt: Why is that would you say? 

5. Do you feel you are able to manage the issues you experience with your MS 

medication? 

6. How do you manage or cope with the issues you experience with your MS 

medication? 

 Prompt: Be specific; how would you say you deal with issues and things 

that keep you from taking medication? 
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4.4.5 DATA ANALYSIS   

Data analysis was performed on the transcripts of the three FGs using qualitative 

analytic procedures outlined by Marshall and Rossman (2015), which includes seven 

phases: (1) organization of the data, (2) immersion in the data, (3) generation of case 

summaries and possible categories and themes, (4) coding of the data, (5) offering 

interpretations through analytic memos, (6) searching for alternative understandings, and 

(7) writing the report or other format for presenting the study.  

NVivo 11 qualitative data analysis software (NVivo 2015) was used to store, 

organize, and search the coded data.  Following the collection and transcription of the 

data, the data were reviewed and de-identified by removing any personally identifiable 

information prior to creating an NVivo project.  Pseudonyms were used during FGs. The 

de-identified data were imported into NVivo 11. 

Two researchers trained in qualitative research methods independently coded the 

transcripts.  Common and/or dominant themes relating to the research topics were 

independently identified.  The percent agreement between coders (inter-coder reliability) 

was 93 percent (42/45).   Minor disagreements were resolved through analytic memos 

and field notes. The overall major themes and subthemes are reported below.  Selected 

quotes from participants are provided as evidence to support the themes.  

4.5  Results 

Table 4.2 provides an overview of participants’ demographic characteristics.  The 

mean age was 49.6±9.2 years.  Most participants were female (65.4%), Caucasian 
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(73.1%), and had at least some college experience (92.3%).  Most were employed full 

time (61.5%).  Income ranged from less than $25,000 to more than $75,000.  About 70 

percent of participants were currently taking an injectable DMT, and almost half (42.3%) 

were taking their first DMT.  The mean number of years since being diagnosed with MS 

was 12.3±6.6. 
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Table 4.2 Participants’ Demographic Characteristics (n=26) 

Characteristic  Frequency (%) Mean (SD) 

Age  49.6 (9.2) 

26-35 3 (11.5)   

36-45 5 (19.2)  

46-55 12 (46.2)  

≥56 6 (23.1)  

Gender   

Female 17 (65.4)  

Male 9 (34.6)  

Ethnicity   

Caucasian 19 (73.1)  

Hispanic 5 (19.2)  

African American 2 (7.7)  

Education   

High school graduate or less 2 (7.7)  

Some college 7 (26.9)  

College graduate 11 (42.3)  

Post graduate degree 6 (23.1)   

Employment status   

Full time 16 (61.5)  

On disability 5 (19.2)  

Unemployed 4 (15.4)  

Retired 1 (3.8)  

Income   

<$25,000 6 (23.1)  

$25,001 - $49,999  7 (26.9)  

$50,000 - $74,999 3 (11.5)  

≥$75,000  10 (38.5)  

Type of DMT   

Injectable 18 (69.2)  

Oral 8 (30.8)  

First DMT taken   

Yes 11 (42.3)  

Years diagnosed with MS   12.3 (6.6) 
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Several themes emerged from the three FGs sessions that concentrated on 

participants’ experiences with their DMT.  The major themes [barriers to DMT 

adherence, facilitators of DMT adherence (currently used), and facilitators of DMT 

adherence (desired)] and subthemes among all participants are summarized below.   

While the same three major themes emerged across participants taking injectable 

and oral DMTs, variations in subthemes were also present across the two cohorts 

(injectable and oral).  An overview of themes and sub-themes according to type of DMT 

can be found in Table 4.3.   
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Table 4.3 Primary Themes Mentioned by Focus Group Participants Overall and by Type 

of DMT 

Themes  Injectable Oral 

Barriers to DMT Adherence    

1. Administration process ✔  

2. Beliefs and concerns ✔ ✔ 

3. Fear and anxiety associated with injections ✔  

4. Impact on other individuals ✔  

5. Impact on daily activities ✔  

6. Order and delivery process ✔  

7. Insurance coverage and financial stress ✔ ✔ 

8. Side effects ✔ ✔ 

9. Storage of DMT ✔  

10. Memory issues ✔ ✔ 

11. Miscommunication ✔ ✔ 

12. Lack of motivation ✔  

Facilitators of DMT Adherence (Currently Used)   

1. Industry-sponsored support programs ✔ ✔ 

2. Positive coping ✔ ✔ 

3. Managing side effects ✔  

4. Reminder devices and techniques ✔ ✔ 

5. Routines and rituals ✔ ✔ 

6. Other’s and one’s previous experience ✔ ✔ 

7. Assistance from other individuals  ✔  

Facilitators of DMT Adherence (Desired)    

1. Easier administration ✔ ✔ 

2. Improved ordering process ✔ ✔ 
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Figure 4.1 provides an overview of the hypothesized relationships between major 

themes as they relate to adherence to DMT based on FG analysis.  Participants 

experienced several DMT-related issues or barriers to adherence.  These issues and 

barriers often had a direct impact on adherence such that patients reported missing one or 

more doses.  Participants also reported several techniques and strategies used to help 

them overcome these various DMT-related issues/barriers to adherence.  When such 

techniques and strategies were utilized, the DMT-related issues did not have a direct 

impact on DMT adherence as they were effectively managed.  Instead, they contributed 

to overall DMT burden.  Over time, the accumulation of DMT burden may result in 

nonadherence if not properly addressed.  Further research is needed to empirically test the 

proposed relationships between these constructs among MS participants taking DMT.  

 

Figure 4.1 Proposed Relationships Between Major Themes and DMT Adherence  
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Participants described several barriers to DMT adherence.  These barriers were 

DMT-related issues that generally had a direct impact on DMT adherence unless the 

participant was able to manage or cope with the issue through various techniques or 

strategies.  Overall, the twelve major barriers to DMT adherence included: 1) 

administration process, 2) beliefs and concerns, 3) fear and anxiety associated with 

injections, 4) impact on other individuals, 5) impact on daily activities, 6) order and 

delivery process, 7) insurance coverage and financial stress, 8) side effects, 9) storage of 

DMT, 10) memory issues, 11) miscommunication, and 12) lack of motivation.  

Administration process  

Experiencing challenges with the administration process was a sub-theme of 

barriers to adherence that uniquely emerged among participants taking an injectable 

DMT.  Administering injectable DMTs was difficult for some participants, particularly in 

certain locations (e.g., back of arm).  For example, one participant stated, “The problem 

is trying to do something by yourself back here or at the back of your arm. It’s a little bit 

harder when you don’t have the auto-injector.”  The process of warming and icing the 

injection site to manage injection-related pain was also a hassle for several participants.  

One participant also mentioned that MS-related symptoms made the administration 

process even more difficult.  “When you have MS, your hands are some of things that 

bothers you the most, and so you have trouble injecting yourself, and so that would be an 

issue.”   Although burdensome, participants in this study were able to manage or cope 

with these DMT-related issues.   
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Some participants reported other aspects of the administration process that 

directly resulted in missing one or more doses.  One participant mentioned issues with 

using the auto injector device: “I stopped using that [auto] injector because I couldn’t tell 

[if I was getting the medication].  Because sometimes when you have the needle come out 

and it sprays, you don’t know if you had any injected at all.  On those days, I wouldn’t do 

the dose because I wasn’t sure if any had gone in or not.  From then on, I just started 

switching and using the syringe directly.”  Injecting in the arm presented issues for some 

participants, which resulted in taking incomplete doses.  One participant described this 

experience: “You can feel the medicine going in, and I’m like, okay, I know it’s not going 

in.  And I pull my needle out and it blows raspberry [coloring] all over the bedroom, 

which happens occasionally.”   

As part of the administration process, many individuals solely relied on other 

individuals to give injections, which would result in missing doses if the individual was 

not available.  One participant noted that she would not take the medication if her 

husband was not there to help with the injection. 

Beliefs and concerns  

Participants across all FGs mentioned beliefs and concerns about their DMTs, 

particularly regarding the effectiveness and the long-term impact of their DMT.  One 

participant who has taken both injectable and oral DMTs stated, “My biggest concern has 

always been almost every drug I’ve been on all along hasn’t been out that long, and so 

you wonder, what are the long-term effects of these drugs?”  Several participants taking 

oral DMTs discussed their conflicting concerns over the benefit of their DMT in 
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“fighting one illness [MS],” but at the same time potentially causing other health 

problems (e.g., liver disease).  One participant also noted that taking her DMT was “a 

constant reminder that you have MS.”   

For some participants taking injectable and oral DMTs, beliefs and concerns 

about effectiveness resulted in participants skipping doses, especially after taking the 

DMT for extended periods of time.   For example, one participant described her thoughts 

regarding the effectiveness of her DMT: “I feel like I'm taking this medicine and I keep 

being told that I need to keep taking it. What is it doing? I don't feel any different when I 

don't take it versus when I do take it. I take it every day. I might have a good day, but I 

can't tell any difference.”  Another participant who had been taking the same DMT for 

nearly 20 years stated, “I’ve been taking it for a long time.  Sometimes I wonder is it 

really doing any good.  You want to stop it [taking the DMT].”  

Fear and anxiety associated with injections  

Among participants taking injectable DMTs, the fear of needles was a 

burdensome issue for many participants.  One participant described her weekly 

experience with injection anxiety: “For me it’s the anxiety every week, because the 

needle is so big, and it’s intramuscular, so it has to go into the muscle. Even now, with 

my husband, I’m like, okay turn the TV off and look at me but don’t look at me. And even 

after all these years at my age, there’s still a big anxiety when I have to do it.”  A 

participant using an auto injector device mentioned the “popping noise” of the device as 

contributor to injection anxiety.  

Impact on other individuals  
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Participants taking injectable DMTs reported that family was affected by the 

DMT, particularly by the exposure to needles.  As one participant stated, “My son is 

deathly afraid of needles; I felt very self-conscious and sorry that I had to leave them out 

on the dresser where he can see them, but if I don't [leave them out,] I forget to take [the 

medication].  That's very upsetting to me that my son has to see a needle, but I don't 

really have another choice.  I don't feel like I do.  That's the place I need it to be.”  

Another participant mentioned “you have to expose your kids to what they’re going to 

have to deal with in life.  They're going to deal with that thing, so they need to know how 

to deal with it. If it makes them uncomfortable, I can try and make it better.” 

Impact on daily activities 

A negative impact on daily activities was reported among participants taking 

injectable DMTs.  Several participants stated that their DMT triggers “feeling sick,” 

which can ruin the next day.   One participant noted that the feeling of sickness occurs 

when he injects in the stomach area: “I try not to use it at all [injection in stomach area] 

because if I do there's a good chance that I'm going to be useless the next day.”  One 

participant noted that she plans her injections, so that she has a day for recovery, if 

needed: “I take it on a Saturday because, if I do get sick, I need to have Sunday to 

recover.”   

The need for refrigeration of one participant’s DMT prevented him from being 

able to spend the day doing outdoor activities such as backpacking, specifically during 

the summer months. Finally, one participant called out changing her social schedule to 

adhere to her DMT schedule.  “I’ve been doing it every Monday, Wednesday and Friday 
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night before I go to bed, so it’s been steady. I just can’t go out on a Friday night, which 

sucks, but I can live with that, and make sure I’m home on those three days.” 

Order and delivery process  

Issues with the order and delivery process were reported among participants 

taking injectable DMTs.  Having to call every month to get the DMT was a hassle for 

many participants: “I don't like calling every month. I don't like taking the meds anyway, 

so having to call every month to get them was a pain in the butt.  Then you have the 

whole delivery thing.  You have to make sure you're going to be home because otherwise 

they leave it on my doorstep.  It's just a pain, so being able to do three months now is 

definitely better.”  Apartment buildings no longer accepting packages and unsafe 

neighborhoods were also barriers for receiving DMTs: “Sometimes I don't order it in 

time, but I have no one to blame but myself. I have to be home for the delivery because of 

my neighborhood.” 

Insurance coverage and financial stress  

Issues with insurance coverage and the cost of DMTs contributed to stress among 

participants taking injectable and oral DMTs.  For many participants, making sure that 

they were on a DMT that their insurance covered was stressful: “Financially and 

insurance and making sure that you’re on a medication that your insurance will cover 

because that can change every year, and I feel like every year I go through a different 

battle with the insurance company.”  This stressor was also experienced when changing 
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jobs and transitioning to a new insurance plan. One participant also mentioned that the 

cost of DMTs puts financial burden on the family.  

Side effects  

Burdensome side effects were mentioned among participants taking injectable and 

oral DMTs.  Among participants taking injectable DMTs, side effects included injection 

site reactions, injection site pain, flu-like symptoms, and lipoatrophy. Several participants 

on oral DMTs mentioned flushing.  Side effects had both a physical and psychological 

impact on participants, particularly among participants who experienced lipoatrophy: “In 

all honesty, [it affects my life because of] vanity.  In the summers or whatever, you’re 

wearing shorts or a bathing suit.”  

Storage of DMT  

Storage of DMT was an issue among participants taking injectable DMTs, 

specifically in two situations: 1) at home and 2) when traveling.  At home, participants 

reported difficulties with storing large amounts of their DMT in their refrigerators: 

“Space in the refrigerator for the three months’ worth [of medication] they send you at 

once.  I live in an apartment and apartment refrigerators are not the normal size.”  In 

addition, some participants mentioned the constant need to explain their DMT when other 

individuals come to their house and see the DMT in the refrigerator.   

Among participants who travel, the need to prepare and plan the storage of their 

DMT was a hassle.  As one participant put it, “I travel for work, so it's hard for me. I do 

the 40 milligrams; I do Monday, Wednesday, and Friday.  I take it out on Sunday night, I 
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write “M”, “W”, and “F” and what area it goes in. [I] do it first thing in the morning 

and then I know whether I've done it or not, but, because of my travel, if I get someplace 

and I end up having to stay, I either [go without] or have to travel with an extra one.  

Then you have to worry about where you're going to keep it because if it gets too hot in 

our Texas summers, that's not easy either.”  Storage of DMT could escalate to a barrier to 

adherence when traveling, if preparations were not made ahead of travel.    

Memory issues  

For participants taking injectable and oral DMTs, memory issues often resulted in 

missing doses.  Issues with staying on schedule with DMT were often due to a complex 

medication regimen, disease-related memory issues, or a combination of both.  As one 

participant put it, “When I'm going to get somewhere in the morning, it's about the last 

thing on my mind. . . . Sometimes I forget, so then I adjust the days. If it's not Tuesday, 

Thursday, Saturday, then I do Monday, Wednesday, and Sunday. Then I wait two days 

before. It's not always Monday, Wednesday, Friday or Tuesday, Thursday, Saturday. I 

always have to keep remembering.” 

Miscommunication  

For participants taking injectable and oral DMTs, miscommunication among 

participants, healthcare providers, and insurance companies sometimes lead to missing 

doses.  One participant described the miscommunication with her doctor: “I recently 

switched over to two times a week and that was a problem because my doctor's office 

didn't tell me three times a week. I was doing it every other day, made it through six 
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months, so I ran out.”  Another participant described the miscommunication between his 

insurance company, pharmacy and doctor:  “They switched from the 20 milligrams to the 

40 milligrams.  My insurance company said that they weren’t going to cover that, but it 

turned out... I’m being kind, they literally just had a typo that took about three weeks to 

resolve between my doctor and the pharmacy and the insurance company.”  

Lack of motivation 

Finally, among participants taking injectable DMTs, a lack of motivation was 

cited as a barrier of adherence.   One patient stated, “Every once in a while, no, I don’t 

feel like doing it today.  The world won’t come to an end.”  

 

Facilitators of Adherence (Currently Used) 

Overall, the seven major facilitators of adherence (currently used) included: 1) 

industry-sponsored support programs, 2) positive coping, 3) managing side effects, 4) 

reminder devices and techniques, 5) routines and rituals, 6) others’ and one’s previous 

experiences, and 7) assistance from other individuals 

Industry-sponsored support programs  

Participants across all FGs mentioned the benefits of being able to call industry-

sponsored hotlines. Oftentimes, participants utilized these programs when they were 

unable to access their medications due to coverage issues:  “I’ve had all sorts of 

insurance company problems, and I just call up my drug company and they just fix it.  It’s 

so fast.  It’s awesome.  That’s my favorite thing about it.  My insurance company would 

be like, ‘Oh, sorry, we can’t help you.’ And then the company that makes my drug will 
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just call me back like an hour later and be like, ‘It’s all sorted.  It’s on its way.’”  

Another participant had similar experiences, stating “Any questions about insurance, if 

insurance is going to cover it or not, I can call them [industry-sponsored hotline].” 

One participant also noted the value of in-person, industry-sponsored support 

groups as a way for her and her family to learn about MS and MS management.  

Positive coping  

For participants taking injectable and oral DMTs, having a “deal with it” and “just 

take it” attitude allowed them to positively cope with DMT-related issues.  “It’s 

something you’ve got to deal with, so you deal with it, because then if you don’t deal with 

it, it’s going to be worse than if you did. You just go head on to it.”   

One participant reported the use of a more psychological approach.  Specifically, 

“wrapping” his head around the upper bound of the pain helped him to positively cope 

with his injectable DMT:   “What I realized was the shot is only going to hurt so much. 

Even the most painful one you're ever going to take, you can know there's an upper limit 

to it. Once you wrap your head around that, you take a few deep breaths and you let it 

happen. Then it's fine.”  

Managing side effects  

Participants taking injectable DMTs mentioned doing many things to assist with 

pain and fear management such as doing “little things” to assist in a lesser physical 

reaction. “When he said ordeal, the ordeal for me was ice it, wait, and inject, ice it again, 

wait.  There were so many little things I did to help not have reaction.”  Physical 
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responses, such as knots, led to rotating the injection site. “You have to wait two weeks 

for it to go away before you can inject that spot again.  [That’s because] it's all swollen 

and you can't inject that same spot.  You're injecting something that's clearly having an 

immune response. [In that case] you use another site.”   

Many participants reported that taking over-the-counter medications beforehand 

can assist in having fewer reactions. “I have discovered that for me, taking Tylenol an 

hour and a half beforehand--not an hour, not two hours--but an hour and a half works 

best because then it’s in my system and I have much fewer reactions.  If I don’t have that 

cushion, then I really shake and just have some horrible problems.”  

Reminder devices and techniques  

Participants across all FGs reported that various methods were used to overcome 

issues with forgetting, including alarms and apps.  For example, one participant used an 

app on her phone.  “I use an app to remind me that I have to mark that I’ve taken it, so it 

stops buzzing at me.”   

Another participant indicated that he sets alarms on his phone to remind him in 

the morning and at night.  “[I] just forget sometimes.  You're supposed to take it after you 

eat food.  If I forget to eat then I say I’ll take it when I get home.  I don't really think 

about it.  I put reminders in my phone.  It pings me in the morning and night.  I see it buzz 

and I know I have to take one when I get home. I never really think about taking it 

consciously.  I rely on my phone to remember for me.  If I'm not there, I don't have it with 

me, then I forget.  I try to remember.  A lot of times I do but then sometimes I just plain 
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forget.  During the weeknights, it's easy. By the time I've finished eating, it buzzes me. I 

don't really have to use my thinking, I use my phone for that. It's most effective.”  

Routines and rituals  

Participants across all FGs reported that finding and sticking to a routine that 

works for the individual participant seems to promote adherence.  Some participants 

found that taking the DMT during a certain time in the day and writing schedules down 

aided in remembering to take the DMT: “I switched mine to the morning which made a 

world of difference. I was missing shots when I had to do it at night.  Writing down 

Monday, Wednesday, Friday and what area it was going to be in on those days, helped 

because I didn't have to remember what I needed to do, it was there.”  Several 

participants called their routines “rituals”: “I have a ritual I do. As soon as I come home 

and I eat, [I take my medication].”  

Others’ and one’s previous experiences  

Participants across all FGs reported that the observation of others, who are not 

taking their DMT properly or who are taking a different DMT, helped them to gauge the 

success of their own DMT.  “I take [DMT] and sometimes I want to stop.  I have friends 

that didn't have [the drug] available to them and they ended up a lot worse.”    

Some participants used their experiences with their previously prescribed DMT as 

a guide:  “I’ll say that I have taken a wide range of drugs and seen different side effects, 

the ones I’m on now I have had the least of any that I have ever had. I don’t even notice it 

except for the fact that the way it affects the MS.”    
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Assistance from other individuals  

Among participants taking an injectable DMT, assistance from other individuals 

was often reported as a facilitator of adherence.  Spouses were often mentioned as 

assisting with injections: “My husband does mine [injections].”   

 

Facilitators of Adherence (Desired) 

Overall, the two major facilitators of adherence (desired) included: 1) easier 

administration and 2) improved ordering process. 

Easier administration  

While participants across all FGs reported the desire for an easier administration 

process (i.e., route and frequency of administration), almost all were from participants 

taking an injectable DMT.  A few participants reported that a simpler frequency of 

administration would make it easier to take DMTs.  For example, one participant stated, 

“If they can come up with a medication that you can just take like one time and then 

you’d be all set, [that would make it easier for you to take your MS medication].” Several 

participants taking injectable DMTs reported that a more convenient route of 

administration would improve adherence, specifically a pill, patch, or smaller needle. 

Among patients taking an oral DMT, only a once per day dosing frequency was requested 

(over a twice a day). 

Improved ordering process  
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Participants across all FGs also reported that an improved ordering process would 

help the DMT taking process: “[It would be easier to take my MS medication if the] 

ordering was an easier process. [It would be easier] if it wasn't the thing where I had to 

make monthly contact with them.  CVS Pharmacy won't leave you alone if you get on 

their text message system.  I get more texts from CVS than anyone I know. They're going 

to text you every day until you come and pick it up.  Even that is more convenient than 

having to call and verify things.  The ease of ordering could be better.”  Another 

participant had a similar response, indicating, “[It would be helpful if] they could 

automatically ship me the drug.”  

4.6  Discussion 

This study details MS patients’ experiences with DMTs.  The shared 

communication between FG participants promoted the emergence of several clear themes 

and subthemes regarding the issues that participants experienced with their DMTs as well 

the approaches that participants took to overcome these issues.  The focus groups also 

highlighted the complexities of DMT-taking behavior across MS patients.  In this study, 

participants experienced several DMT-related issues and barriers to adherence.  

Oftentimes these issues had a direct impact on adherence and resulted in participants 

missing one or more doses.  That being said, participants were able to effectively cope or 

manage some of these issues; thus, adherence was not directly impacted.   

This finding that the identified issues/barriers may directly impact adherence for 

some MS patients (and be manageable for other patients) is supported by the literature.   
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For example, other studies among MS patients have identified the difficult administration 

process (Devonshire 2011), beliefs and concerns (Turner 2007; Bruce 2010b, Wicks 

2011), injection anxiety (Turner 2009), and costs (Reynolds 2010) as having a direct 

impact on DMT adherence.  In contrast, only some participants in this study reported that 

these issues were burdensome as many participants were able to cope with and/or manage 

these issues.  For example, many participants experienced fear and anxiety associated 

with injections.  However, participants were able to overcome this issue by utilizing 

different strategies such as self-distraction (e.g., turning the television up) or mental 

preparation (i.e., telling oneself that there is an upper limit to the injection-related pain).  

Again, this highlights the dynamic nature of many of these issues across MS patients, 

such that a DMT-related issue may solely be burdensome but not have a direct impact on 

adherence for one patient and have a direct impact on adherence for another patient.  As 

such, future strategies and interventions aimed at improving DMT adherence should be 

tailored to individual patients to help the patient overcome his or her specific DMT-

related issue.   

  The impact of DMTs on other individuals is an issue that has not been reported 

on in the literature.  In this study, many participants reported that they did not want their 

family members, particularly children, to see needles.  While this specific issue did not 

have a direct impact on participants’ DMT adherence, it may need to be addressed with 

people who have young children, given that it could be psychologically burdensome and 

affect quality of life.  One approach is to establish support programs for both patients and 

their family members, especially since many participants reported the use of industry-
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sponsored support groups.  Organizers of these programs could create educational 

programs or modules that inform patients and their family members about DMTs.  This 

may help family members to better understand MS management and reduce the fear and 

stigma associated with injectable DMTs.   

Difficulties with the order and delivery process and storage of DMTs were 

additional DMT-related issues that have not been previously discussed in the literature.  

Many participants found it inconvenient and a hassle to have to reorder their DMT every 

month.  On the other hand, for participants who could order 3-month supplies, the hassle 

of reordering was mitigated but the large quantities of DMTs that required refrigeration 

became problematic. Given these issues, an easier reordering process (e.g., a process that 

did not require a call and verification every month) was reported as a desired facilitator of 

adherence.  A more streamlined, automated approach using mobile applications may help 

to reduce the burden of the reordering process.  For example, mobile applications are 

available that remind patients about medication refills and allows patients to complete the 

refill order through the application. Such mobile health applications may reduce the 

burden of the reordering process as well prevent unintentional nonadherence from 

patients forgetting to complete and pick up their refill order.  

Although several of the barriers (e.g., memory issues [Bruce 2010a] and beliefs 

and concerns [Turner 2007; Bruce 2010b, Wicks 2011]) have been previously reported in 

the literature, it is notable that the administration process impacted DMT adherence in 

several ways.  Firstly, some participants had difficulty with the administration process, 

such that they required assistance from other individuals.  If this individual was 
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unavailable, some participants indicated that they chose to skip the dose of their DMT.  A 

lack of help with injecting has been reported as a barrier to adherence in previous studies 

(Treadaway et al. 2009; Arroyo et al. 2011; Fernandez et al. 2012; Di Battista 2014).  In 

this study, the need for assistance was also a product of fear and anxiety associated with 

injections.  Fortunately, various strategies (e.g., six-session, nurse-led cognitive-

behavioral intervention) have been developed to help patients successfully overcome 

injection fear and anxiety (Cox and Stone 2006; Mohr, Cox and Merluzzi 2005), which 

could be adopted for patients experiencing these issues.   

Another barrier associated with the administration process was patients’ beliefs 

that they may have received incomplete doses when self-injecting.  Many patients 

reported that their medication would “spray” when removing the needle from the 

injection site, resulting in incomplete doses.  To help resolve this issue, healthcare 

providers should ensure that patients and/or the individuals helping them to self-inject 

understand the proper techniques of administering the DMT.  

Many patients also reported that frequency of administration was a significant 

issue.  Noteworthy, many patients reported that they preferred a more frequent dosage of 

once per day over three times a week, as this was easier for the patient to remember.  

Patients with a three times a week dosage indicated that at the end of the week, it was 

difficult for them to remember if they took the second or third dose.  Given participants’ 

preferences and the potential impact of the administration process on adherence, DMT 

administration characteristics (e.g., route and frequency of administration), among other 
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factors (e.g., tolerability, efficacy/effectiveness, contraindications, health plan coverage), 

should be considered in choice of treatment.  

Among facilitators of adherence, some techniques have been previously reported 

in the literature, such as utilizing various methods to manage side effects (e.g., ice packs, 

over the counter pain medications) (Wicks et al. 2012), reminder devices and techniques 

(e.g., apps and phone alarms) (Vervloet et al. 2012), and routines and rituals (e.g., taking 

medications at certain times of the days) (Sanders and Van Oss 2013).  However, several 

unique facilitators of adherence emerged from the FGs.  Notably, the use of industry-

sponsored support programs and using others’ and one’s previous experiences.  These 

two facilitators provide opportunities for industry or other sponsored support groups to 

address participants’ unique DMT-related issues and barriers to adherence.  For example, 

programs could focus on helping patients to identify their unique barriers to adherence 

(e.g., memory issues) and offer tailored solutions (e.g., apps, reminder devices) to help 

them overcome those issues.  Furthermore, support programs provide a unique 

opportunity for participants to share their experiences and learn techniques from other 

patients. 

When comparing findings between patients taking injectable and oral DMTs, all 

three major themes (i.e., barriers to DMT adherence, currently used facilitators of DMT 

adherence, and desired facilitators of DMT adherence) emerged from the FGs for both 

cohorts.  However, there was some variation in subthemes between patients taking 

injectable and oral DMTs.   
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Overall, participants on oral DMTs tended to experience fewer DMT-related 

issues and barriers to adherence.  DMT-related issues and barriers to adherence common 

to all participants included negative beliefs and concerns, insurance coverage and 

financial stress, side effects, memory issues, and miscommunication.  In addition to 

experiencing these shared DMT-related issues, participants on injectable DMTs also 

reported difficulties with the administration process, fear and anxiety associated with 

injections, a negative impact on other individuals and on their own daily activities, and 

difficulties with the order, delivery and storage of their DMT.   A point of consideration 

is that all DMT-related issues may not be equal in terms of burden to patients.   

Above and beyond the fact that participants taking injectable DMTs experienced 

more DMT-related issues, it should be noted that many of these issues (e.g., difficult 

administration process, fear and anxiety associated with injections, impact on daily 

activities, impact on other individuals, storage of DMT) may be experienced on a daily 

basis and may have a greater impact on participants’ daily lives than some of the other 

issues (e.g., negative beliefs and concerns, miscommunication) reported across all 

participants.  Over time, patients on injectable DMTs may experience greater medication 

burden as they are constantly exposed to these issues each time they take their DMT.  

Accordingly, patients taking injectable DMTs may require additional support to 

overcome the DMT-related issues that often affect them on a daily basis.   

In terms of differences in currently used facilitators of adherence, only 

participants taking injectable DMTs reported that they currently used approaches for 

managing side effects and that they needed assistance from other individuals to take their 



   

163 

DMT.  This may be due to the fact that participants on oral DMTs did not have to deal 

with immediate and administration-induced problems, such as some side effects (e.g., 

injection site reactions and pain), injection-related fear and anxiety, and the more 

involved administration process associated with injectable DMTs.   

Given that subthemes varied between patients taking injectable and oral DMTs, 

interventions aimed at improving DMT adherence should be tailored according to the 

specific type of DMT the patient is taking.  For example, interventions aimed at 

overcoming difficulties with the administration process or at helping family members 

become comfortable with DMTs would likely be ineffective and irrelevant to patients 

taking oral DMTs as these were not salient issues for these patients.  A step further, 

interventions should also be tailored to individual patients as a DMT-related issue 

(injection-specific or otherwise) that is very burdensome to one patient may not be 

relevant to another patient due to the adoption of their own strategies to overcome 

problems in medication management.   

4.7 Limitations 

Findings from this study should be interpreted within some potential study 

limitations.  Firstly, it is possible that social desirability bias impacted the way 

participants responded in the FGs, such that they were trying to please the FG moderator 

or other participants.  However, prior to the start of the FGs, participants were informed 

that there were no right or wrong responses.  Furthermore, a comfortable environment for 

sharing ideas was encouraged.  Secondly, although we feel that data saturation was met 
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after our three FGs, we may not have captured the universe of DMT-related issues or 

barriers and facilitators of adherence that participants with MS experience.  

 

4.8  Conclusion  

The FGs provided insights into participants’ experiences with DMT, including 

barriers to adherence and currently used and desired facilitators of adherence.  

Participants experienced several DMT-related issues; however, not all of the issues 

resulted in nonadherence, highlighting the complexities of medication taking behavior.  

Nevertheless, it is important to recognize and address DMT-related issues, as they may 

become barriers to adherence for some patients, if not managed or resolved.   

Overall, barriers to adherence were much lower in participants taking an oral 

DMT, possibly due to the easier method of administration, the absence of injection-

specific issues (e.g., needle phobia, injection-site reactions) and negative impact on daily 

living.  Still, participants on both injectable and oral DMTs shared many common 

experiences, including negative beliefs and concerns of long-term use, memory problems, 

stress related to insurance coverage of medications, and poor communication with 

healthcare providers.   

Findings from this study may be used to develop and tailor current and future 

programs and strategies aimed at improving the overall experience with DMTs and 

reducing specific barriers to DMT adherence.  Based on some thematic differences 

between participants taking injectable compared to oral DMTs, interventions and 
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educational touch points to address DMT-related issues and barriers to adherence should 

be tailored to each patient’s needs. 
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CHAPTER FIVE: STUDY 3 

A SURVEY OF FACTORS ASSOCIATED WITH ADHERENCE TO 

DISEASE MODIFYING THERAPIES IN PATIENTS WITH 

MULTIPLE SCLEROSIS 

 

5.1  Abstract 

Background: Adherence to disease modifying therapy (DMT) in patients with multiple 

sclerosis (MS) is needed to achieve optimal clinical benefit; however, poor adherence 

remains problematic for many patients.  Improved understanding of factors that impact 

DMT adherence may help to guide effective interventions.  Thus, the objective of this 

study was to examine the associations between treatment satisfaction, medication beliefs 

and adherence to DMT through a survey.   

Methods:  A paper-pencil survey was mailed in March 2016 to 600 adult patients with 

relapsing-remitting MS taking an injectable or oral DMT.  Patients were sampled from 

the North American Research Committee on Multiple Sclerosis (NARCOMS) patient 

registry.  The survey measured self-reported DMT adherence (i.e., doses taken divided by 

doses prescribed over the last two-week period) with adherence categorized as ≥0.80, 

satisfaction with DMT (effectiveness, side effects, convenience, and global) using the 

Treatment Satisfaction Questionnaire for Medication version II (TSQM vII), medication 

beliefs (perceived necessity and perceived concern) using the Beliefs about Medicines 

Questionnaire (BMQ), and demographic (i.e., age, race, gender, marital status, education, 

health insurance) and clinical (i.e., time with MS, type of DMT, time on DMT, DMT 
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experience) covariates. Relationships among variables were examined using multivariate 

logistic regression analysis.   

Results: A total of 489 usable surveys were included in the analyses (81.5% usable 

response rate). Most respondents were white (93.8%), female (86.6%), and taking an 

injectable DMT (66.9%). Their mean age was 60.5±8.3 years and most (92.8%) were 

adherent to DMT. In the logistic regression model, the only significant predictors of 

DMT adherence were age (OR=1.085, 95% CI: 1.001–1.176, p=0.046) and type of DMT 

(oral versus injectable [reference]) (OR=18.388, 95% CI: 1.186–285.121, p=0.037).  

Conclusion: Treatment satisfaction and medication beliefs were not significantly 

associated with DMT adherence. However, age and oral DMTs were significant and 

positive predictors, suggesting that younger patients and those taking injectable DMTs 

are at higher risk for nonadherence.  
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5.2  Practice Points 

 Treatment satisfaction measures (effectiveness, side effects, convenience, and 

global), perceived necessity and perceived concern were not significantly 

associated with DMT adherence in a multivariate model; however, MS patients in 

the study reported high DMT adherence rates.  

 Still treatment satisfaction and medication beliefs (i.e., perceived necessity and 

perceived concern) may be important determinants of DMT adherence among 

other MS patients who are experiencing issues with DMT adherence, which has 

been evidenced in previous studies.  

 Healthcare providers should monitor younger patients and patients taking 

injectable DMTs as age and type of DMT were found to be significant predictors 

of DMT adherence.   
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5.3  Background  

Multiple sclerosis (MS) is an unpredictable demyelinating disease of the central 

nervous system (CNS) that is associated with significant burden for both patients and 

healthcare systems.  While there is no cure for MS, several disease modifying therapies 

(DMTs) are available for use in patients with relapsing forms of MS who manifest 

current disease activity as demonstrated by clinical symptoms and/or recent MRI lesions.  

DMTs modify or change the course of MS by reducing the number of relapses and/or by 

slowing disease progression. However, to achieve optimal clinical benefit, patients must 

be adherent to their DMT.   

Poor adherence to DMTs is a significant issue for many patients, with rates 

ranging between 41 and 88 percent (Menzin et al. 2013).  Given the potential negative 

impact on economic, clinical and humanistic outcomes, there is a significant need to 

address poor DMT adherence in patients with MS.  Tan and colleagues found that on 

average, DMT adherent MS patients incur lower medical costs than nonadherent patients 

(Tan et al. 2011).  In a retrospective cohort study using a U.S. administrative claims 

database, the rate of severe relapse during the two-year study period was lower for MS 

patients adherent to DMT than patients nonadherent to DMT (Ivanova, 2012). An 

observational, multicenter, multinational study by Devonshire and colleagues (2011) 

found that DMT adherent MS patients had better quality of life scores on all nine 

dimensions of the Multiple Sclerosis International Quality of Life Questionnaire 

(MusiQoL).  
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Understanding the factors associated with DMT adherence may provide 

opportunities for the development of interventions and strategies aimed at helping MS 

patients adhere to their DMT.  The World Health Organization Medication Adherence 

Model (WHO MAM) categorizes the barriers to adherence into five broad domains: 

social and economic factors (e.g., age, race, employment, literacy), healthcare team and 

system-related factors (e.g., quality of healthcare services), condition-related factors (e.g., 

severity of symptoms, comorbid conditions), therapy-related factors (e.g., convenience, 

side-effects), and patient-related factors (e.g., forgetfulness, beliefs about disease and 

medication) (Sabate 2003).  Given that patient-related factors (e.g., beliefs) are often the 

most amenable to change through interventions and educational programs (Gittelsohn and 

Lee 2013), this study further explored patient-related factors potentially associated with 

DMT adherence, specifically treatment satisfaction and medication beliefs.   

Treatment satisfaction is a construct not captured in established theoretical models 

of individual decision-making.  When evaluating the quality of pharmaceutical products 

and services, treatment satisfaction is a useful patient reported outcome and quality 

metric (Atkinson et al. 2005).  Furthermore, it can be used as a tool to screen for patients 

who may become nonadherent due to unsatisfactory components of their medication 

(Atkinson et al. 2005).  In a review of studies assessing the link between medication 

adherence, persistence, and treatment satisfaction, Barbosa et al. (2012) found that 16 

studies demonstrated a statistically significant link between satisfaction and adherence or 

persistence.  
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The association between patients’ beliefs and medication adherence is well 

established in the literature, with some studies suggesting that beliefs are the strongest 

predictor of adherence (Horne and Weinman 1999; Berglund, Lytsy, and Westerling 

2013).  An important reason for focusing on patients’ beliefs when studying adherence is 

that beliefs tend to be fixed over time unless an intervention is made (Porteous et al. 

2010).  This suggests that patients’ beliefs may be modified, if needed.  Interventions 

(e.g., educational programs) that target specific negative beliefs may have a positive 

impact on adherence (Sharaf 2010).  

With regards to patients’ medication beliefs, this study will focus on perceived 

necessity and perceived concern.  The Necessity-Concerns Framework (NCF), developed 

by Horne and colleagues, assumes that adherence decisions are influenced by a cost-

benefit assessment (Horne et al. 2013).  With respect to this study, patients’ beliefs about 

the necessity to take their DMT for managing their MS are balanced against concerns 

about the potential adverse effects of their DMT.  The utility of the NCF in predicting 

adherence has been supported by several studies.  In a meta-analysis of 94 studies, greater 

medication adherence was associated with strong perceptions of necessity of treatment 

and lower concerns about treatment (Horne et al. 2013).   

In summary, DMT adherence may be impacted by several factors (e.g., social and 

economic, healthcare system, condition, therapy and patient).  Studies among patients 

with other diseases suggest that satisfaction and medication beliefs are associated with 

medication adherence; however, few studies have provided support for these 

relationships in MS patients taking DMTs.  Thus, the objectives of this study were 1) to 
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describe patients’ treatment satisfaction (in terms effectiveness, side effects, convenience, 

global satisfaction), perceived necessity, perceived concern, and adherence with their 

current DMT, and 2) to explore the factors that influence the likelihood of DMT 

adherence. 
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Covariates  

 Age  

 Race 

 Gender  

 Marital status 

 Education 

 Health insurance 

 Employment status  

 Time with MS  

 Type of DMT 

 Time on DMT  

 DMT experience  

 

 

Adherence to Disease 

Modifying Therapy 

Treatment Satisfaction  

 Effectiveness  

 Side effects  

 Convenience  

 Global satisfaction  

Medication Beliefs  

 Perceived necessity  

 Perceived concern  

Figure 5.1  Study Model  
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5.4  Objectives and Hypotheses 

Figure 5.1 provides an overview of the study model.  The objectives and related 

hypotheses of this study are:  

Objective 1: To describe patients’ treatment satisfaction (in terms satisfaction with 

medication effectiveness, dissatisfaction with medication side effects, satisfaction with 

medication convenience, and global satisfaction), perceived necessity, perceived concern, 

and adherence with their current DMT; and 

Objective 2:  To explore the factors that influence the likelihood of DMT adherence.  

HA2a: There is a significant positive relationship between satisfaction with DMT 

effectiveness and the likelihood of being adherent, controlling for side effects, 

convenience, global satisfaction, perceived necessity, perceived concern, and 

demographic/clinical covariates (age, race, gender, marital status, education, 

health insurance, time with MS, type of DMT, time on DMT, and DMT 

experience).   

HA2b: There is a significant negative relationship between dissatisfaction with 

DMT side effects and the likelihood of being adherent, controlling for 

effectiveness, convenience, global satisfaction, perceived necessity, perceived 

concern, and demographic and clinical covariates. 

HA2c: There is a significant positive relationship between satisfaction with DMT 

convenience and the likelihood of being adherent, controlling for effectiveness, 
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side effects, global satisfaction, perceived necessity, perceived concern, and 

demographic and clinical covariates. 

HA2d: There is a significant positive relationship between global satisfaction with 

DMT and the likelihood of being adherent, controlling for effectiveness, side 

effects, convenience, perceived necessity, perceived concern, and demographic 

and clinical covariates. 

HA2e: There is a significant positive relationship between perceived necessity and 

the likelihood of being adherent, controlling for effectiveness, side effects, 

convenience, global satisfaction, perceived concern, and demographic and clinical 

covariates. 

HA2f: There is a significant negative relationship between perceived concern and 

the likelihood of being adherent, controlling for effectiveness, side effects, 

convenience, and global satisfaction, perceived necessity, and demographic and 

clinical covariates. 

5.5 Methods 

5.5.1 STUDY DESIGN AND SAMPLE  

This study used a non-experimental, cross-sectional design.  Study participants 

were MS patients identified from North American Research Committee on Multiple 

Sclerosis (NARCOMS), which is a registry for MS research, treatment, and patient 

education.  The registry is comprised of over 37,000 persons with MS who have 
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volunteered to provide information about their experience with the disease through 

biannual surveys.  The survey for this study was sent separately from the NARCOMS 

biannual surveys.   

Eligible participants were registry members aged 18 years or older, diagnosed 

with relapsing-remitting MS, prescribed an FDA-approved injectable or oral DMT, and 

able to complete the self-administered survey instrument.  Registry members currently 

prescribed an intravenous infusion DMT, a non FDA-approved DMT, or who are not on 

any DMT were excluded.  Patients taking an intravenous infusion DMT were excluded 

since adherence tends to not be an issue, since infusions are administered by a healthcare 

professional in an infusion clinic.  Eligibility was based on registry members’ self-

reported information from the NARCOMS Fall 2015 biannual survey.  This study was 

approved by The University of Texas at Austin Institutional Review Board (IRB).    

5.5.2 SURVEY DEVELOPMENT  

 The survey included previously developed and validated scales, including the 

Treatment Satisfaction Questionnaire for Medication version II (TSQM vII) and the 

Beliefs about Medicines Questionnaire (BMQ).  Several demographic and clinical 

characteristics were also measured.  These scales and demographic and clinical 

characteristics are discussed in further detail below. 

 Prior to distribution, the survey was pilot tested with 10 MS patients from local 

MS support groups who met study inclusion criteria. The purpose of the pilot test was to 
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identify issues with format, instructions, and clarity/completeness of question and answer 

choices.  Based on participants’ comments, no modifications to the survey were 

necessary.   

5.5.3  Study Measures 

Dependent Variable 

DMT Adherence 

DMT adherence was measured using self-reported questions adapted from an 

approach outlined by Siegel et al. (2006).  Participants were asked: 1) “How many times 

during the last two weeks were you supposed to take your DMT (Twice a day, once a 

day, every other day, three times a week, once a week, once every two weeks)?” 2) “How 

many doses did you miss or forget?”  DMT adherence was defined as the percentage of 

adherence over the past two weeks (i.e., the quotient of total doses taken divided by total 

doses prescribed).  For the univariate and multivariate logistic regression analyses, 

participants were categorized as adherent (DMT adherence  0.80) and nonadherent 

(DMT adherence < 0.80).  

Independent Variables 

Treatment Satisfaction Questionnaire for Medication version II (TSQM vII) 

Satisfaction with DMT was measured using the TSQM vII.  The TSQM vII is an 

11-item questionnaire that assesses patients’ satisfaction with their medication (Atkinson 
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et al. 2005).  It includes four subscales: satisfaction with medication effectiveness, 

dissatisfaction with medication side effects, satisfaction with medication convenience, 

and global satisfaction.   

The TSQM subscales have been found to explain between nine and 20 percent of 

the variance in adherence (Atkinson et al. 2005).  The original TSQM vI has been used 

with MS patients (Boeru et al. 2013; Glanz et al. 2014) and has been found to be reliable 

with Cronbach’s alpha values for subscales ranging from 0.79 to 0.93 (Glanz et al. 2014).  

TSQM vII was used in this study, because it has equivalent measurement characteristics 

as the TSQM vI, but uses four fewer items and more consistent wording (Atkinson et al. 

2005).  

Patients responded to items on the TSQM vII using 5-point (1—Extremely 

dissatisfied to 5—Not at all dissatisfied) and 7-point (1—Extremely dissatisfied to 7—

Extremely satisfied) Likert-type scales.  After applying the scale-scoring algorithm, 

possible scores for each of the TSQM vII subscales ranged from 0 to 100 with higher 

scores indicating greater satisfaction.  

Beliefs about Medicines Questionnaire (BMQ) 

Beliefs about DMT were measured using the BMQ.  The BMQ is a 10-item questionnaire 

that includes two subscales: perceived necessity and perceived concern (Horne and 

Weinman 1999).  Although the BMQ has not been used in the MS population, there is 

evidence of reliability for both subscales in other populations [e.g., perceived necessity 

subscale: asthmatic (α=0.80), diabetic (α=0.74), cardiac (α=0.76), psychiatric (α=0.74), 
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general medical (α=0.86); perceived concerns subscale: asthmatic (α=0.75), diabetic 

(α=0.80), cardiac (α=0.76), psychiatric (α=0.63), general medical (α=0.65)] (Horne and 

Weinman 1999).  

Patients responded to each item on the BMQ using a 5-point (1—Strongly 

disagree to 5—Strongly agree) Likert scale.  Possible scores for the perceived necessity 

and perceived concern subscales ranged from 5 to 25.  Higher scores on respective 

subscales indicate greater perceived necessity of DMTs and greater perceived concern 

about DMTs.  

Covariates 

Demographic Characteristics 

Demographic characteristics included age (year born), race (White, Hispanic or 

Latino, Black or African American, American Indian or Alaska Native, Asian or Pacific 

Islander, multiple races, other), gender (female, male), education (Some high school, high 

school degree or equivalent [e.g., GED], some college but no degree, associate degree, 

bachelor degree, graduate or profession degree), and health insurance 

(private/commercial/pre-paid health plans, Medicare, Medicaid, Tricare, Department of 

Veteran’s Affairs, other, no health insurance).  

Clinical Characteristics 

Clinical characteristics included time with MS (number of years diagnosed with 

MS), type of DMT (injectable, oral), time on DMT (number of months on current DMT), 

DMT experience (DMT experienced, DMT naïve), and frequency of DMT administration 
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(once a every two weeks, once a week, three times a week, every other day, once a week, 

twice a day).  

5.5.4 SURVEY DISTRIBUTION  

After identifying 600 eligible registry members from the NARCOMS database, a 

study packet was mailed to each participant in March 2016.  The study packet included a 

cover letter, a paper-pencil survey with a self-addressed, pre-paid business reply to return 

to UT researchers upon completion, and a $10 Amazon gift card in appreciation for their 

participation.  

 The cover letter highlighted the purpose of the study, importance of patients’ 

participation, voluntary nature of the study, anonymity of the study, approximate time to 

complete the survey, and researchers’ contact information.  The cover letter indicated that 

patients may contact research personnel if they have any questions about the study.  The 

survey was only available in English.    

5.5.5 DATA ANALYSIS 

The data were analyzed using IBM® SPSS® Statistics, Version 23.  Descriptive 

statistics (e.g., means, standard deviations, frequencies, and percentages) were calculated 

for all study variables.  Mean imputation was used to handle observations with missing 

data, such that each missing value was imputed with the mean of the observed values for 

that variable.  Results for all statistical tests were considered significant at p values less 

than 0.05.   
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Objective one was analyzed using descriptive statistics (means, standard 

deviations, and range).  Internal consistency reliability as measured by Cronbach’s alpha 

were assessed for all multi-item scales (TSQM vII and BMQ subscales). 

Objective two was analyzed using univariate and multivariate logistic regression 

analyses to determine the associations between treatment satisfaction (in terms of 

satisfaction with medication effectiveness, dissatisfaction with medication side effects, 

satisfaction with medication convenience, and global satisfaction), perceived necessity, 

and perceived concern and DMT adherence, while controlling for demographic (i.e., age, 

race, gender, marital status, education, health insurance) and clinical (i.e., time with MS, 

type of DMT, time on DMT, DMT experience) covariates. 

Firstly, in the univariate logistic regression analyses, each of the primary 

independent variables was assessed individually as predictors of DMT adherence.  

Secondly, all predictor variables were simultaneously entered into the logistic regression 

model.  The dependent variable for this analysis was binomial: DMT adherence ≥ 0.80 

(“1”) or DMT adherence < 0.80 (“0”). 

5.6  Results 

A total of 505 surveys were returned (initial response rate: 84.2%).  After 

preliminary analysis (i.e., verifying eligibility and cleaning data), it was determined that 

12 respondents were not currently taking an injectable or oral DMT and four respondents 
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returned incomplete surveys.  A total of 489 usable surveys (usable response rate: 81.5%) 

were included in the final analysis.  

Table 5.1 provides an overview of participants’ demographic and clinical 

characteristics.  The mean age of participants was 60.5 ± 8.3 years.   The majority were 

white (93.8%), female (86.5%), had an Associate’s degree or higher (55.9%), married or 

partnered (63.8%), disabled or retired (59.9%), and had private health insurance (36.0%). 

The mean number of years with MS was 21.1 ± 8.1, and the mean number of 

years on current DMT was 8.7 ± 6.9.  The majority of patients was currently taking an 

injectable DMT (66.9%) and was DMT experienced (previously took another DMT) 

(64.8%). 
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Table 5.1 Demographic and Clinical Characteristics of Respondents 

Variable Frequency (%) Mean (SD) 

Age (n=489) 60.5 (8.3) 

Race/ethnicity (n=484)
a

White 454 (93.8) 

Black or African American 13 (2.7) 

Multiple races 9 (1.9) 

Hispanic or Latino 3 (0.6) 

Asian or Pacific Islander 3 (0.6) 

American Indian or Alaska Native 1 (0.2) 

Other
b

1 (0.2) 

Gender (n=484)
a

Female 419 (86.6) 

Male 65 (13.4) 

Education (n=483)
a 

Some high school 4 (0.8) 

High school degree or equivalent 78 (16.1) 

Some college but no degree 131 (27.1) 

Associate degree 63 (13.0) 

Bachelor degree 108 (22.4) 

Graduate or professional degree 99 (20.5) 

Marital status (n=484)
a

Married or partnered 309 (63.8) 

Divorced 84 (17.4) 

Single 50 (10.3) 

Widowed 33 (6.8) 

Other
c

8 (1.7) 

Employment status (n=484)
a

Disabled 156 (32.2) 

Retired 134 (27.7) 

Employed full-time 76 (15.7) 

Other/combination 48 (9.9) 

Employed part-time 37 (7.6) 

Unemployed 33 (6.8) 
a 
Frequency is less than 489 due to missing responses 

b
 ‘Other’ race/ethnicity not specified by respondent 

c 
‘Other’ marital status not specified by respondents  
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Table 5.1 Demographic and Clinical Characteristics of Respondents, Cont. 

Variable Frequency (%) Mean (SD) 

Health insurance (n=461)
a

Private 166 (36.0) 

Public (Medicare and/or Medicaid) 147 (31.9) 

Private and Public 133 (28.9) 

Other 
e

15 (3.3) 

Years diagnosed with MS (n=489) 21.1 (8.1) 

Years on current DMT (n=489) 8.7 (6.9) 

Type of current DMT (n=489) 

Injectable 327 (66.9) 

Oral 162 (33.1) 

Frequency of administration of current 

DMT (n=489) 

Twice a day 80 (16.4) 

Once a day 123 (25.2) 

Every other day 51 (10.4) 

Three times a week 133 (27.2) 

Once a week 92 (18.8) 

Once every two weeks 10 (2.0) 

DMT experience (n=462)
a

DMT experienced 300 (64.8) 

DMT naïve 162 (35.0) 

Number of other DMTs taken in past 

among DMT experienced (n=299) 

1 154 (51.2) 

2 84 (27.9) 

3 39 (13.0) 

4 12 (4.0) 

≥5 10 (3.4) 

Type of DMT taken prior to current DMT 

among DMT experienced (n=297)
d 

Injectable 239 (80.5) 

Oral 39 (13.1) 

IV infusion 19 (6.4) 
a 
Frequency is less than 489 due to missing responses 

d 
Frequency is less than 300 due to missing responses 

e
 ‘Other’ health insurance included no health insurance (n=4), Department of 

Veteran’s Affairs (n=10), Tricare and Department of Veteran’s Affairs (n=1)
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DMT Adherence 

The mean adherence rate was 0.95 ± 0.14 with actual reported rates ranging from 

0.00 (complete nonadherence) to 100.00 (complete adherence).  When dichotomized, 

92.8 percent were considered adherent (≥0.80).  

Satisfaction with DMT 

Overall respondents reported high levels of satisfaction with DMT with regards to 

effectiveness (75.4 ± 19.2, possible range=0.0 to 100.0, N=489), convenience (81.0 ± 

17.5, possible range=0.0 to 100.0, N=489) and overall global satisfaction (81.2 ± 18.4, 

possible range=0.0 to 100.0, N=489).  Among respondents (n=251) who reported 

experiencing side effects, dissatisfaction levels (higher scores indicate lower levels of 

dissatisfaction) were generally low (77.1 ± 22.7, possible range=0.0 to 100.0).  All 

TSQM vII subscales had high internal consistency: effectiveness (α=0.84), side effects 

(α=0.86), convenience (α=0.88), and global satisfaction (α=0.91).  

Beliefs about DMT 

Overall respondents reported high levels of perceived necessity (18.3 ± 3.8, 

possible range=5.0 to 25.0, N=489) and lower levels of perceived concern (10.6 ± 3.7, 

possible range=5.0 to 25.0, N=489).  BMQ subscales had high internal consistency: 

perceived necessity (α=0.84) and perceived concern (α=0.71).  

Univariate logistic regression analyses 

Table 5.2 provides an overview of the results for the univariate logistic regression 

analyses with each independent variable and DMT adherence.  Individually, each of the 
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satisfaction measures and perceived necessity were found to be significantly associated 

with adherence.  Perceived concern was not significantly associated with adherence.  

Multivariate logistic regression analysis   

Table 5.3 provides an overview of the results for the multivariate analysis.  None 

of the treatment satisfaction measures or medication beliefs (perceived necessity and 

perceived concern) were found to be significantly associated with DMT adherence while 

controlling for covariates.  Thus, none of the a priori hypotheses were supported.   

Among covariates, age (OR = 1.085, 95% CI = 1.001 – 1.176, p=0.046) and type 

of DMT (oral versus injectable [reference]) (OR = 18.388, 95% CI = 1.186 – 285.121, 

p=0.037) were found to be significant predictors of adherence.   

 

Table 5.2 Univariate Analyses: Relationships between Treatment Satisfaction Subscales, 

Medication Belief Subscales and DMT Adherence 

Predictor variable B SE Wald p-value OR 95% C.I. 

Lower Upper 

TSQM Effectiveness* 0.023 0.009 6.574 0.010 1.023 1.005 1.042 

TSQM Side Effects* 0.022 0.008 7.079 0.008 1.022 1.006 1.039 

TSQM Convenience* 0.039 0.009 18.859 0.000 1.039 1.021 1.058 

TSQM Global* 0.028 0.008 12.159 0.000 1.028 1.012 1.045 

BMQ Perceived Necessity* 0.131 0.048 7.520 0.006 1.140 1.038 1.252 

BMQ Perceived Concern -0.086 0.046 3.464 0.063 0.917 0.838 1.005 

*Significant at p<0.05 

TSQM: Treatment Satisfaction Questionnaire for Medication Version 2 

BMQ: Beliefs about Medicines Questionnaire 

 

 

 



 

 

 

 

 

 

 

 

190 

Table 5.3 Multivariate Analysis: Relationships between Treatment Satisfaction 

Subscales, Medication Belief Subscales, Covariates, and DMT Adherence 

(n=229)
a 

 

Predictor variable
b 

B SE Wald p- 

value 

OR 95% C.I. 

Lower Upper 

TSQM Effectiveness -0.004 0.019 0.034 0.853 0.996 0.960 1.034 

TSQM Side Effects 0.015 0.012 1.425 0.233 1.015 0.991 1.040 

TSQM Convenience -0.017 0.019 0.794 0.373 0.983 0.946 1.021 

TSQM Global 0.038 0.023 2.624 0.105 1.039 0.992 1.087 

BMQ Perceived Necessity 0.047 0.078 0.369 0.544 1.049 0.900 1.222 

BMQ Perceived Concern -0.021 0.075 0.078 0.780 0.979 0.845 1.134 

Age* 0.082 0.041 3.969 0.046 1.085 1.001 1.176 

Gender (Female) -0.676 1.035 0.427 0.513 0.508 0.067 3.865 

Type of DMT (Oral)* 2.912 1.399 4.334 0.037 18.388 1.186 285.121 

Employment Status (ref)
   1.465 0.690    

Employed Part-Time  1.468 1.393 1.110 0.292 4.339 0.283 66.577 

Unemployed 0.593 1.042 0.324 0.569 1.809 0.235 13.940 

Disabled or Retired 0.799 0.914 0.764 0.382 2.223 0.370 13.344 

Insurance (ref)
   3.448 0.328    

Public 

(Medicare/Medicaid) 

-0.490 0.907 0.292 0.589 0.613 0.104 3.625 

Public and Private -0.541 0.946 0.327 0.567 0.582 0.091 3.717 

Other -2.052 1.106 3.442 0.064 0.129 0.015 1.123 

Race (White)  0.199 0.949 0.044 0.834 1.220 0.190 7.844 

Education (ref)   2.574 0.462    

Some College 0.530 0.878 0.364 0.546 1.699 0.304 9.493 

Associate or Bachelor -0.552 0.734 0.565 0.452 0.576 0.137 2.428 

Graduate or Professional 0.083 0.950 0.008 0.930 1.087 0.169 6.991 

Marital Status (Married or 

Partnered)  

-0.131 0.589 0.050 0.823 0.877 0.276 2.782 

a 
N is less than 489 due to missing responses and due to only 251 respondents eligible to 

respond to TSQM side effects subscale (n=238 reported not experiencing any side effects) 
b 

Reference categories: Male, Injectable, Employed full-time, Private insurance, Non-white, 

High school graduate or less, Not married or partnered, DMT treatment naïve  

 *Significant p<0.05 

N=229, Model χ
2
=34.130, df=23, p=0.063, R

2
=0.289 

Dependent variable is modeled on the probability of ‘DMTAdherence’ | x= ‘1’  

TSQM=Treatment Satisfaction Questionnaire, BMQ=Beliefs about Medicines Questionnaire, 

B=Unstandardized coefficients, SE=Standard error, OR=Odds ratio, C.I.=Confidence Interval 
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Table 5.3 Multivariate Analysis: Relationships between Treatment Satisfaction 

Subscales, Medication Belief Subscales, Covariates, and DMT Adherence 

(n=229)
a
, Cont.

Predictor variable
b 

B SE Wald p- 

value 

OR 95% C.I. 

Lower Upper 

Years with MS -0.011 0.039 0.077 0.781 0.989 0.916 1.068 

Months on Current DMT -0.007 0.004 2.691 0.101 0.993 0.986 1.001 

DMT Experience 

(Experienced) 

-0.737 0.637 1.339 0.247 0.478 0.137 1.668 

Constant -4.002 3.391 1.393 0.238 0.018 
a 
N is less than 489 due to missing responses and due to only 251 respondents eligible to 

respond to TSQM side effects subscale (n=238 reported not experiencing any side effects) 
b 

Reference categories:  Male, Injectable, Employed full-time, Private insurance, Non-white, 

High school graduate or less, Not married or partnered, DMT treatment naïve 

*Significant p<0.05

N=229, Model χ
2
=34.130, df=23, p=0.063, R

2
=0.289

Dependent variable is modeled on the probability of ‘DMTAdherence’ | x= ‘1’ 

TSQM=Treatment Satisfaction Questionnaire, BMQ=Beliefs about Medicines Questionnaire, 

B=Unstandardized coefficients, SE=Standard error, OR=Odds ratio, C.I.=Confidence Interval 
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5.7  Discussion 

This study found DMT adherence rates to be higher than those previously 

reported among MS patients.  Across all participants, the mean DMT adherence rate was 

0.95 and over 90 percent were categorized as adherent when the measure was 

dichotomized.  In comparison, a systematic review by Menzin et al. (2013) found that 

DMT adherence rates ranged from 41 to 88 percent; however, none of the adherence rates 

reported in that review were for oral DMTs, which may be associated with greater 

adherence as evidenced by findings from our multivariate analyses.  

Another explanation for the higher DMT adherence rates in our study is that our 

sample, NARCOMS registry members, may be more proactive and cognizant about their 

healthcare and medication-taking behavior compared to other patients, given that they 

volunteer to complete biannual surveys that track disease activity and health outcomes 

over time.  Another possible explanation for the high DMT adherence rate is that self-

reported measures are often impacted by response bias.  Adams et al. (1999) found that in 

87 percent of 37 comparisons between self-reported adherence rates and more objective 

rates, the median over-estimation of adherence using self-reported rates was 27 percent 

(absolute difference).   

Participants reported high levels of treatment satisfaction across all TSQM vII 

measures (i.e., satisfaction with effectiveness, convenience, and global satisfaction).  

Furthermore, scores on the TSQM vII side effects subscale were high, indicating low 

levels of dissatisfaction.  These findings are consistent with a study by Hanson et al. 
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(2013) that assessed DMT satisfaction using TSQM vI.  The scores were 70.1, 79.4, 71.7, 

and 68.9 for the effectiveness, side effects, convenience, and global satisfaction 

subscales, respectively.  In terms of beliefs about DMT, respondents reported high levels 

of perceived necessity and lower levels of perceived concern.  To our knowledge this is 

the first study to utilize the BMQ among MS patients; thus, there is no benchmark with 

which to compare these scores for MS patients.  More research is warranted to validate 

these findings.   

In the multivariate logistic regression analysis, none of the primary independent 

variables (treatment satisfaction, perceived necessity, and perceived concern) were 

significant predictors of DMT adherence.   This is likely due to the homogeneity of our 

sample in terms of both demographic variables and DMT adherence.  For example, 

although MS primarily affects white and females, our sample was overrepresented with 

these individuals accounting for 94 percent and 76 percent of our sample, respectively.  

Furthermore, over 90 percent of our sample were considered adherent, which provides 

little variability to be explained by the predictor variables.   Thus, it is possible that 

treatment satisfaction and medication beliefs may be important determinants of DMT 

adherence among other MS patients.   

This is the first study to quantitatively assess the associations between perceived 

necessity and perceived concern and DMT adherence among patients with MS.  Given 

that few patients were considered non-adherent in our study and that other medication 

beliefs [e.g., perceived severity (Turner et al. 2007), perceived benefit (Turner et al. 
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2007), perceived barriers (Wicks et al. 2011), perceived convenience (Wicks et al. 2011)] 

have been found to be associated with DMT adherence, future research is warranted to 

confirm or refute these findings (i.e., no significant relationships between perceived 

necessity, perceived concern and DMT adherence) in other diverse MS patient 

populations with varied adherence levels.   

In this study, only covariates (age and type of DMT) were significantly related to 

adherence in the multivariate model.  Age was a significant and positive predictor of 

DMT adherence, such that the odds of adherence increased with age.  This finding is 

consistent with several other studies that report a positive association between age and 

DMT adherence among MS patients (Halpern et al. 2011a; Halpern et al. 2011b; Turner 

et al. 2007; Turner et al. 2009).  Given this finding, healthcare providers should monitor 

DMT adherence among younger patients as they may be at greater risk for nonadherence.   

The other significant predictor in this study was type of DMT, such that the odds 

of adherence were higher for patients taking an oral DMT compared to an injectable 

DMT.   The U.S. FDA approved the first oral DMT for the treatment of patients with 

relapsing forms of MS in 2010.  Since then, two additional oral DMTs have been 

approved. Given the relatively recent approvals, few studies have compared adherence 

between oral and injectable DMTs.  Among these few studies, adherence rates to DMTs 

tended to be higher for the oral DMTs compared to the injectable DMTs (Agashivala et 

al. 2013; Bergvall et al. 2014), which is consistent with our study findings.  It is possible 

that the higher adherence rates for oral DMTs are due to the easier administration process 
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associated with oral DMTs.  Also, patients do not experience potential injection-specific 

issues such as injection anxiety or needle phobia and injection site pain or reactions, 

which have been found to be associated with nonadherence (Turner et al. 2009; 

Fernandez et al. 2012).  As such, healthcare providers should monitor patients taking 

injectable DMTs for potentially modifiable issues that may lead to nonadherence. 

5.8  Limitations 

Firstly, this is a cross-sectional study; thus, relationships between variables are 

representative of only a single point in time.  Past and future relationships between 

variables cannot be assumed.  Secondly, due to the self-reported nature of the study, 

social desirability and recall bias may confound results; however, previous studies with 

self-reported data from MS patients have shown a high level of validity (Wicks et al. 

2011).  Furthermore, DMT adherence was measured over a two-week period rather than a 

four-week or one-month period to overcome potential issues of recall bias.  Thirdly, 

participants were sampled from an MS registry with patients who respond to biannual 

surveys about their MS and MS-related outcomes.  These patients may be more cognizant 

about and proactive in their health and medication-taking behavior; thus, findings may 

not be generalizable to all MS patients.  Also, this may have resulted in the low 

variability in DMT adherence, which partly explains the lack of statistical significance 

found among the predictor variables.  Thus, future research is warranted to confirm or 

refute these findings in other MS patient populations.  
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5.9  Conclusions  

Participants in our study reported high treatment satisfaction (i.e., effectiveness, 

side effects, convenience, and global), positive medication beliefs (i.e., high levels of 

perceived necessity and low levels of perceived concern), and high levels of DMT 

adherence.  The treatment satisfaction measures and perceived necessity were associated 

with DMT adherence in the univariate logistic regression analyses.  However, in the 

multivariate analysis, only age and type of DMT were significant predictors.  These 

findings suggest that younger patients and those taking injectable DMTs are at higher risk 

for nonadherence.  As such, attention should be placed on these types of patients to 

facilitate optimal DMT adherence.  

  

  



 

 

 

 

 

 

 

 

197 

References 

Agashivala N, Wu N, Abouzaid S. Compliance to fingolimod and other disease 

modifying treatments in multiple sclerosis patients, a retrospective cohort study. BMC 

Neurology. 2013;13:138.  

 

Arroyo E, Grau C, Ramo-Tello C, et al. Adherence to disease-modifying therapies in 

Spanish patients with relapsing multiple sclerosis: two-year interim results of the Global 

Adherence Project. Eur Neurol. 2011;65:59-67. 

 

Atkinson MJ, Kumar R, Cappelleri JC, Hass SL. Hierarchical construct validity of the 

treatment satisfaction questionnaire for medication (TSQM version II) among outpatient 

pharmacy consumers. Value in Health. 2005;8(1):s9-s24.  

 

Barbosa CD, Balp MM, Kulich K, et al. A literature review to explore the link between 

treatment satisfaction and adherence, compliance, and persistence. Patient Prefer 

Adherence. 2012;6:39-48.  

 

Berglund E, Lytsy P, Westerling R. Adherence to and beliefs in lipid-lowering medical 

treatments: a structural equation modeling approach including the necessity-concern 

framework. Patient Education and Counseling. 2013;92(1):105-112.  

 

Boeru G, Milanov I, De Robertis F, et al. ExtaviJect® 30G device for subcutaneous self-

injection of interferon beta-1b for multiple sclerosis: a prospective European study. 

Medical Devices: Evidence and Research. 2013;6:175-184.  

 

Erdfelder E, Faul F, Buchner A. GPOWER: a general power analysis program. Behavior 

Research Methods, Instruments, & Computers. 1996;28:1-11.  

 

Fernandez O, Aguera J, Izquierdo G, et al. Adherence to interferon β-1b treatment in 

patients with multiple sclerosis in Spain. PLoS ONE. 2012;7(5):e35600.  

 

Gittelsohn J, Lee K. Integrating educational, environmental, and behavioral economic 

strategies may improve the effectiveness of obesity interventions. Appl Econ Perspect 

Pol. 2013;35(1):52-68.  

 

Glanz BI, Musallam A, Rintell DJ, et al. Treatment satisfaction in multiple sclerosis. Int J 

MS Care. 2014;16:68-75. 

 

Horne R, Weinman J. Patients' beliefs about prescribed medicines and their role in 

adherence to treatment in chronic physical illness. Journal of Psychosomatic Research. 

1999;47(6):555–567. 



198 

Horne R, Chapman SCE, Parham R, et al. Understanding patients’ adherence-related 

beliefs about medicines prescribed for long-term conditions: a meta-analytic review of 

the necessity-concerns framework. PLoS One. 2013;8(12):e80633.  

Hosmer Jr. DW, Lemeshow S, Sturdivant RX. Applied Logistic Regression, 3
rd

 Edition.

New Jersey: John Wiley & Sons, Inc., 2013.   

Menzin J, Caon C, Nichols C, et al. Narrative review of the literature on adherence to 

disease-modifying therapies among patients with multiple sclerosis. J Manag Care 

Pharm. 2013;19:s24-s40.  

National Multiple Sclerosis Society. Modifying the disease course. 

http://www.nationalmssociety.org/Treating-MS/Medications#section-1. Accessed 

October 22, 2015.  

Oliver P. Purposive Sampling. In Jupp V, The Sage Dictionary of Social Research 

Methods. 2006, Sage Publications, London.  

Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study of the 

number of events per variable in logistic regression analysis. J Clin Epidemiol. 

1996;49(12):1373-9.  

Phillips AL, Kozma CM, Locklear JC. Using a panel survey to identify predictors of 

disease-modifying drug adherence in patients with multiple sclerosis. Poster presented at 

ISPOR 17th Annual European Congress, Amsterdam, The Netherlands, 2014.  

Porteous T, Francis J, Bond C, Hannaford P. Temporal stability of beliefs about 

medicines: implications for optimising adherence. Patient Education and Counseling. 

2010;79(2):225–230.  

Sabate E. Adherence to long-term therapies: evidence for action IN: World Health 

Organization, ed.2003.  

Sharaf F. Impact of health education on compliance among patients of chronic diseases in 

Al Qassim. International Journal of Health Sciences. 2010;4(2):139-148.  

Siegel SD, Turner AP, Haselkorn JK. Adherence to disease-modifying therapies in 

multiple sclerosis: does caregiver social support matter? Rehabil Psychol. 2009;53(1):73-

79.

http://www.nationalmssociety.org/Treating-MS/Medications#section-1


 

 

 

 

 

 

 

 

199 

Tan X, Patel I, Chang J. Review of the four item Morisky Medication Adherence Scale 

(MMAS-4) and eight item Morisky Medication Adherence Scale (MMAS-8). 

Innovations. 2014;5(3);165.  

 

Wicks P, Massagli M, Kulkarni A, Dastani H. Use of an online community to develop 

patient-reported outcome instruments: the Multiple Sclerosis Treatment Adherence 

Questionnaire (MS-TAQ). J Med Internet Res. 2011;13(1):e12.  

 

  



 

 

 

 

 

 

 

 

200 

CHAPTER SIX: SUMMARY OF DISSERTATION 

 
Despite the benefits of DMT in reducing relapse rates and delaying disease 

progression, poor adherence to DMT remains an issue for many patients with MS.  Given 

the downstream consequences of poor adherence, it is important to better understand 

DMT-taking behavior among MS patients and the factors that may prevent patients from 

taking their DMT as prescribed.  Thus, this three-study dissertation used a mixed-

methods study design to explore factors associated with adherence to DMTs.   Below is a 

summary of the three studies.   

 

STUDY ONE: A SYSTEMATIC REVIEW OF FACTORS SIGNFICANTLY 

ASSOCIATED WITH ADHERENCE TO DISEASE MODIFYING THERAPIES 

IN PATIENTS WITH MULTIPLE SCLEROSIS 

In the study one systematic review, several modifiable and non-modifiable factors 

were identified that put patients at risk for DMT nonadherence.  These factors 

represented all five domains of the WHO MAM (i.e., social and economic, healthcare 

system, condition, therapy, patient).  The social and economic domain had the most 

factors (n=21), while the healthcare system domain had the least (n=5).  All of the 

healthcare system (e.g., neurologist discussion of adherence) and patient factors (e.g., 

beliefs such as perceived benefits) were deemed to be modifiable; thus, future 

interventions may need to target these factors.  While most of the condition-related 

factors (e.g., depression, anxiety, fatigue) would be difficult to modify, many could be 
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managed through medications and rehabilitative services.  The systematic review also 

identified several generally non-modifiable factors, such as age, gender, race, disease 

duration, and treatment duration.  While these factors cannot be modified through 

intervention, the factors are still important in the identification of patients who may be at 

risk for DMT nonadherence.    

 

STUDY TWO: A QUALITATIVE ASSESSMENT OF MULTIPLE SCLEROSIS 

PATIENTS’ EXPERIENCES WITH DISEASE MODIFYING THERAPIES  

The themes and subthemes that emerged from the focus groups in study two 

provide further evidence that medication-taking behavior among patients with MS is 

complex.  Although patients experienced several DMT-related issues (e.g., injection 

anxiety, order and delivery process), some issues did not appear to have a direct impact 

on adherence as some participants were able to effectively manage or cope with the issue.  

Instead, some of the DMT-related issues contributed to overall medication burden.  

However, some issues (e.g., memory issues) did have a direct impact on adherence across 

MS patients and priority should be placed on addressing these barriers.  

Overall, patients taking injectable DMTs tended to report more DMT-related 

issues or barriers to adherence.  This may be due to the more difficult administration 

process and side effects (e.g., injection site pain and reactions) that are specific to 

injectable DMTs.   Furthermore, the focus groups revealed additional injectable DMT-

specific issues not previously reported in the literature, such as the impact on other 
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individuals (e.g., exposure of needles to family members) and difficulties with storage of 

DMT (both at home and while traveling).  

 

STUDY THREE: A SURVEY OF FACTORS ASSOCIATED WITH ADHERENCE 

TO DISEASE MODIFYING THERAPIES IN PATIENTS WITH MULTIPLE 

SCLEROSIS 

In the study three survey that quantitatively explored the association between 

various factors and DMT adherence, each of the treatment satisfaction measures and 

perceived necessity were significantly associated with DMT adherence in univariate 

logistic regression analyses; however, these associations did not remain significant in the 

multivariate analyses.  This is a surprising finding as satisfaction with treatment and 

several medication beliefs were factors found to be associated with DMT adherence 

across several studies included in the study one systematic review.  Furthermore, several 

MS patients in the study two focus groups reported concerns about the effectiveness and 

long-term safety of their DMT, suggesting that medication beliefs may be a factor 

affecting medication-taking behavior.  However, the generally high adherence levels 

across all patients in the phase three survey may explain the lack of statistical 

significance in the predictor variables.  Given the mixed findings (i.e., with regard to 

treatment satisfaction and medication beliefs) across the three studies comprising this 

dissertation, future research is warranted to further examine the links between treatment 

satisfaction, medication beliefs and DMT adherence in other MS populations.  It is 
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possible that treatment satisfaction, perceived necessity, and perceived concern may be 

important factors in medication-taking behavior in more diverse MS patients who have 

varied levels of DMT adherence.   

 

CONCLUSION 

Although long-term adherence to DMT remains a challenge for many patients 

with MS, it is a well-recognized issue among healthcare providers, researchers, payers, 

healthcare systems, advocacy groups and others.   MS patients along with these various 

stakeholders have experienced the impact of poor adherence, from worsened clinical 

outcomes to increased healthcare costs.  Thus, patient-centered, evidence-based 

interventions are needed to help patients overcome and manage DMT-related issues, 

which may help to improve adherence and avoid these preventable negative outcomes.   

Findings from the three studies comprising this dissertation provide insight into 

DMT-taking behavior, DMT adherence, and patients’ overall experiences with DMTs—

the foundation for future DMT adherence interventions.  Factors associated with DMT 

adherence were found across all studies of this dissertation (e.g., healthcare system-

related factors such as discussion of adherence with neurologist in study one, condition-

related factors such memory issues in study two, and demographic and treatment-related 

factors such as age and type of DMT in study three).  Furthermore, some factors emerged 

as determinants of DMT adherence across multiple studies of this dissertation.  For 

example, age was found to be a significant factor in the study one systematic review, 
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such that older patients tended to be more adherent than younger patients; this finding 

was corroborated in the study three survey.  Type of DMT was also a significant 

predictor in both study one and study three.  These identified factors may be potential 

targets in future interventions, particularly those factors that may be modifiable and those 

that were supported by multiple studies.   

Another highlight of this dissertation was that study two clearly elucidated the 

differences in DMT-related issues experienced by patients taking injectable and oral 

DMTs, which has not been well-reported on in the literature.  Specifically, the study 

showed that patients taking injectable DMTs experienced a greater number of DMT-

related issues.  Furthermore, these issues were often more burdensome and were more 

likely to be experienced on a daily basis than those issues common to patients taking 

injectable or oral DMTs.  This information is invaluable as it may be used by healthcare 

providers to develop DMT counseling points that are tailored to patients.      

Overall, these studies highlight the complexities of DMT-taking behavior and the 

multi-faceted nature of the factors impacting DMT adherence.  Findings from these 

studies may be used by healthcare providers, pharmaceutical companies, patient 

advocacy groups, and others to develop evidence-based, patient-centered interventions 

aimed at improving the overall experience with DMTs and reducing specific barriers to 

DMT adherence.    

 



205 

APPENDICES A-E 



206 

APPENDIX A.  STUDY TWO FOCUS GROUP CONSENT FORM 

IRB USE ONLY 

Study Number: 2015-06-0087 

Approval Date: 08/10/2016 

Expires: 08/10/2016 

Name of Funding Agency: Novartis Pharmaceuticals Corp. 

Consent for Participation in Research 

Title: A Qualitative Assessment of Multiple Sclerosis Patients’ Experience with Disease 

Modifying Therapies 

Introduction 

The purpose of this form is to provide you information that may affect your decision as to 

whether or not to participate in this research study.  The person performing the research will 

answer any of your questions.  Read the information below and ask any questions you might 

have before deciding whether or not to take part. If you decide to be involved in this study, 

this form will be used to record your consent. 

Purpose of the Study 

You have been asked to participate in a research study about multiple sclerosis and disease 

modifying therapies.  The purpose of this study is to explore your experience with your 

disease modifying therapy, specifically any issues that may prevent you from taking your 

medication and the strategies that you use to manage any issues you may experience.  

. 

What will you be asked to do? 

If you agree to participate in this study, you will be asked to: 

1. Discuss your experience with disease modifying therapies;

2. Participate in a focus group discussion with 7-10 adults with multiple sclerosis; and

3. Respect and protect the confidentiality of the other participants in this focus group.

This study, conducted by AlixCompany for The University of Texas, will take 1 hour and 

include 40 study participants.  Your participation will be video recorded.    

What are the risks involved in this study? 

Loss of confidentiality - The researchers will protect the confidentiality of all participants in 

this focus group by using fake names which will be assigned to you and when transcribing 

data from the discussion. The video recordings will be stored in a locked file cabinet by 

AlixCompany until they have been transcribed and will then be erased.  

What are the possible benefits of this study? 

You will receive no direct benefit from participating in this study; however, there may be 

benefit to society in determining patients’ experience with their disease modifying therapy.  

The findings from this study may lead to the development of research tools and interventions 
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related to helping patients overcome the issues they experience with their disease modifying 

therapies.  

Do you have to participate? 

No, your participation is voluntary. You may decide not to participate at all or, if you start the 

study, you may withdraw at any time.  Withdrawal or refusing to participate will not affect 

your relationship with The University of Texas at Austin in anyway.  

If you would like to participate, please read this consent form in its entirety and print and sign 

your name on the respective lines below and return to the designated AlixCompany research 

assistant.  You will receive a copy of this form. 

Will there be any compensation? 

You will receive $100 from AlixCompany as compensation for your participation in the focus 

group.  Payment will occur after the focus group session has ended.   

You will be responsible for any taxes assessed on the compensation.  

How will your privacy and confidentiality be protected if you participate in this research 

study? 

Your privacy and the confidentiality of your data will be protected by using pseudonyms 

(fake names) during the focus groups and when transcribing the data from the discussion.  

Pseudonyms will not be linked to your name.  Once the video recordings have been 

transcribed, they will be permanently erased.  Transcriptions will be stored on a password-

protected computer and only accessible to study researchers. The transcriptions will be 

destroyed upon completion of data analysis and acceptance of manuscripts for publication.  

Consent forms will be kept for 3 years in a UT researcher’s locked office cabinet and 

will be shredded after 3 years. 

If it becomes necessary for the Institutional Review Board to review the study records, 

information that can be linked to you will be protected to the extent permitted by law. Your 

research records will not be released without your consent unless required by law or a court 

order. The data resulting from your participation may be made available to other researchers 

in the future for research purposes not detailed within this consent form. In these cases, the 

data will contain no identifying information that could associate it with you, or with your 

participation in any study. 

If you choose to participate in this study, you will be video recorded.  Any video recordings 

will be stored securely and only AlixCompany will have access to the recordings.  

Recordings will be kept for transcription and data analysis (approximately three months) and 

then erased.   

Whom to contact with questions about the study?  
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Prior, during or after your participation you can contact the researcher, Carolyn Brown, at 512-

471-2374 or send an email to cmbrown@austin.utexas.edu for any questions or if you feel that 

you have been harmed.  This study has been reviewed and approved by The University 

Institutional Review Board and the study number is 2015-06-0087. 

 

Whom to contact with questions concerning your rights as a research participant? 

For questions about your rights or any dissatisfaction with any part of this study, you can contact, 

anonymously if you wish, the Institutional Review Board by phone at (512) 471-8871 or email at 

orsc@uts.cc.utexas.edu.  

 

Participation 

 If you agree to participate, please sign and return the consent form to the designated 

AlixCompany research assistant. You will receive a copy of this form.   

 

Signature   
You have been informed about this study’s purpose, procedures, possible benefits and risks, and 

you have received a copy of this form. You have been given the opportunity to ask questions 

before you sign, and you have been told that you can ask other questions at any time. You 

voluntarily agree to participate in this study.  By signing this form, you are not waiving any of 

your legal rights. 

 

 

 

_________________________________ 

Printed Name  

 

_________________________________    _________________ 

Signature Date 

 

As a representative of this study, I have explained the purpose, procedures, benefits, and the risks 

involved in this research study. 

 

_________________________________      

Print Name of Person obtaining consent      

 

 

_________________________________    _________________  

Signature of Person obtaining consent     Date 
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APPENDIX B.  STUDY THREE SURVEY COVER LETTERS 

 
Consent to Participate in Research 

 

You are invited to take part in a research study entitled “Factors associated with adherence to disease 

modifying therapies in patients with multiple sclerosis.” The study is being conducted by Andrew Thach, 

Graduate Student and Carolyn Brown, PhD, College of Pharmacy, The University of Texas at Austin. 

 

The purpose of this study is to better understand patients’ experiences with their current medication for 

multiple sclerosis (MS).  Your responses to this survey will be a great help to us in improving our 

understanding of how we can help patients with MS overcome issues that may prevent them from taking 

their medication.  You are free to contact the investigator at the address and phone number given below to 

discuss the study.  To participate in this study, you must be at least 18 years of age. 

 

If you agree to participate: 

 The survey will take approximately 15 minutes of your time. 

 As a way of saying thank you for your time and cooperation, a $10 Amazon gift card is enclosed 

  
Risks/Benefits/Confidentiality of Data 

The potential risk to participants is no greater than everyday life. There will be no costs for participating, 

nor will you benefit from participating.  A limited number of research team members will have access to 

the data during data collection.  Responses will be presented in aggregate form. This study is anonymous.  

No personally identifiable information will be collected.  Survey responses will be entered and stored on a 

password protected, personal computer, which is only accessible to study researchers.  
 

Participation or Withdrawal 
Your participation in this study is voluntary. You may decline to answer any question and you have the 

right to withdraw from participation at any time. Withdrawal will not affect your relationship with The 

University of Texas at Austin in any way.  If you do not want to participate, you may stop at this time.  If 

you agree to participate, please kindly fill out the survey.  
 

Contact 

If you have any questions about the study, please contact the researcher Andrew Thach at (832) 330-

1517 or send an email to avthach@utexas.edu.  The mailing address is Mail Code A1930, University of 

Texas at Austin, 1 University Station, Austin, TX, 78712-0120. This study has been processed by the 

Office of Research Support and the study number is [STUDY NUMBER]. 
  

Questions about your rights as a research participant 
 

If you have questions about your rights or are dissatisfied at any time with any part of this study, you can 

contact, anonymously, if you wish, the Office of Research Support by phone at (512) 471-8871 or by 

email at orsc@uts.cc.utexas.edu. 

 

Thank you    

Please keep a copy of this document for your records 

mailto:avthach@utexas.edu
tel:%28512%29%20471-8871
mailto:orsc@uts.cc.utexas.edu
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March 2016 
 

Dear NARCOMS Participant,        
 

As you know, the NARCOMS Registry is used to match participants with MS related research 
studies.  This letter is a notification that you are eligible for the research study outlined 
below.   
 
Andrew Thach, a graduate student in the Health Outcomes and Pharmacy Practice Program 
at 
The College of Pharmacy at The University of Texas at Austin, Texas, is conducting a 
research study together with his advisor Dr. Carolyn Brown, PhD.  The study is entitled 
“Factors Associated with Adherence to Disease Modifying Therapies in Patients with 
Multiple Sclerosis.” The study protocol has been approved by the University’s institutional 
review board (2015-10-0057).  
 
The purpose of this study is to better understand patients’ experiences with their current 
medication for multiple sclerosis (MS).   
 
Participation in this one-time, anonymous study consists of completing the enclosed 
survey and returning it by mail. Please fold the survey so that the return address is on the 
outside and then seal it with the tape included in this packet. No postage is needed. The 
survey should not take more than 15 minutes to complete. Please note that the enclosed gift 
card is yours to keep whether or not you choose to take the survey. For further information 
about the study, please refer to the attached information sheet. 
 

The results of the study will be summarized in a future issue of the NARCOMS Now 
magazine. 
 

We hope that you will consider participating in this study, but as with any research study, 
the decision to participate is completely up to you.  
 

Sincerely,  

 
Robert J. Fox, MD 
Managing Director, NARCOMS  
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APPENDIX C. STUDY THREE SURVEY INSTRUMENT 

Survey on Multiple Sclerosis Immunological Therapy  
 

Welcome and thank you for taking the time to complete this survey! Your opinion is 
important to us!  We are interested in your experience with the multiple sclerosis (MS) 
immunological therapy currently prescribed to you.  

 

Below is a list of MS immunological therapies, one of which you are currently taking: 

 

 

 

 

 

 

 

 

 

 

 

 

Are you currently taking one of the immunological therapies listed above? (Check yes 
or no below) 

  Yes  
   No  

 

 

You may also take other medications to manage your MS-related symptoms, but we 
are interested in your experience with your current immunological therapy (from the 
list above).  Although you may have taken a different MS immunological therapy in 
the past, please think about your experience with your current immunological 
therapy when responding to questions in this survey.  

  

Aubagio® (teriflunomide) 

Avonex® (interferon b-1a) 

Betaseron® (interferon b-1b) 

Copaxone® (glatiramer acetate) 

Extavia® (interferon b-1b) 

Gilenya® (fingolimod) 

Glatopa® (glatiramer acetate) 

Plegridy® (pegylated interferon b-1a) 

Rebif® (interferon b-1a) 

Tecfidera® (dimethyl fumarate) 



 

 

 

 

 

 

 

 

212 

Section 1. Your Current MS Immunological Therapy  
 
First, we are interested in your experience with the MS immunological therapy you are currently taking.  Please check the box that 
matches your choice for each of the questions below.  

 

Yes No 

1. Do you ever forget to take your immunological therapy?   

2. Do you ever have problems remembering to take your immunological 
therapy? 

  

3. When you feel better, do you sometimes stop taking your immunological 
therapy? 

  

4. Sometimes if you feel worse when you take your immunological therapy, do 
you stop taking it? 

  

 
 

5. What type of immunological therapy are you currently taking? (Check one) 

 

 

 
 
 

 

6. On how many days during the last 2 weeks were you supposed to take your immunological therapy? (Check one) 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 
7. Did you miss or forget to take any doses of your immunological therapy during the last 2 weeks? (Check one) 

        Yes  
        No (If no, skip question 8 and go to Section 2 next page) 

 

 

8. How many doses did you miss or forget?      
 

  

Injectable (needle)  

Oral (by mouth)  

Twice a day   

Once a day   

Every other day   

Three times a week   

Once a week   

Once every two weeks  
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Section 2. Issues Associated with Your Immunological Therapy  
 
Below are some immunological therapy-related issues that other patients with MS have reported experiencing when taking 
their immunological therapy.  Please rate how often you experience the following issues with your current immunological 
therapy.   
 

 
  

 Never Rarely Sometimes Often  

1. Difficulty remembering to take my immunological therapy  1 2 3 4  

2. Too busy to take my immunological therapy 1 2 3 4  

3. Side effects from my immunological therapy 1 2 3 4  

4. Difficulty with administering/taking my immunological 

therapy  

1 2 3 4  

5. Fear of needles (for injectable immunological therapies) 1 2 3 4 N/A 

6. Needing someone to help me take/administer my 

immunological therapy  

1 2 3 4  

7. Ran out of my immunological therapy  1 2 3 4  

8. Away from home and could not access my 

immunological therapy 

1 2 3 4  

9. Feeling concerned about taking my immunological 

therapy 

1 2 3 4  

10. My immunological therapy interfering with my daily 

activities 

1 2 3 4  

11. Did not feel like taking my immunological therapy 1 2 3 4  

12. Issues with insurance coverage of my immunological 

therapy 

1 2 3 4  

13. Difficulties with reordering my immunological therapy  1 2 3 4  

14. Difficulties with storage of my immunological therapy  1 2 3 4  

15. My immunological therapy impacting individuals close to 

me (e.g., family) 

1 2 3 4  

16. Expenses for my immunological therapy (e.g., out-of-

pocket costs or costs not covered by insurance) 

1 2 3 4  

17. Miscommunication with my healthcare provider about my 

immunological therapy  

1 2 3 4  

18. Unsure about the impact of my immunological therapy 

on my body  

1 2 3 4  
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Section 3. Your Views about the MS Immunological Therapy Prescribed to You 

Next, we are interested in your personal views about the MS immunological therapy currently prescribed to you.  These are 
statements other MS patients have made about their immunological therapy.  Please select how much you agree or disagree with 
each statement by circling the number that matches your choice. There are no right or wrong answers. We are interested in your 
personal views. 

Strongly 
disagree 

Disagree Uncertain Agree Strongly 
agree 

1. My health at present depends on my immunological

therapy.

1 2 3 4 5 

2. Having to take my immunological therapy worries

me.

1 2 3 4 5 

3. My life would be impossible without my

immunological therapy.

1 2 3 4 5 

4. Without my immunological therapy I would be very ill. 1 2 3 4 5 

5. I sometimes worry about the long-term effects of my

immunological therapy.

1 2 3 4 5 

6. My immunological therapy is a mystery to me. 1 2 3 4 5 

7. My health in the future will depend on my

immunological therapy.

1 2 3 4 5 

8. My immunological therapy disrupts my life. 1 2 3 4 5 

9. I sometimes worry about becoming too dependent

on my immunological therapy.

1 2 3 4 5 

10. My immunological therapy protects me from

becoming worse.

1 2 3 4 5 
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Section 4. Satisfaction with the MS Immunological Therapy Prescribed to You 

Next, we are interested in how satisfied or dissatisfied you are with the MS immunological therapy currently prescribed to you.  
Please select how satisfied or dissatisfied you are with the following aspects of your MS immunological therapy by circling the 
number that matches your choice or checking your response where appropriate. Again, there are no right or wrong answers. We are 
interested in your personal views. 

How satisfied or dissatisfied are you… 

As a result of taking this immunological therapy, do you experience any side effects at all? (check one) 
 Yes  
 No (If no, go to question 6 next page) 

How dissatisfied are you… 

Extremely 
dissatisfied 

Very dissatisfied Dissatisfied Somewhat 
satisfied 

Satisfied Very 
Satisfied 

Extremely 
satisfied 

1. …with the ability of 

the immunological 

therapy to prevent or 

treat MS? 

1 2 3 4 5 6 7 

2. …with the way the 

immunological 

therapy relieves 

symptoms? 

1 2 3 4 5 6 7 

Extremely 
dissatisfied 

Very dissatisfied Somewhat 
dissatisfied 

Slightly 
dissatisfied 

Not at all 
dissatisfied 

3. …by the side effects that interfere with your 

physical health and ability to function (e.g., 

strength, energy levels)? 

1 2 3 4 5 

4. …by the side effects that interfere with your 

mental function (e.g., ability to think clearly, stay 

awake)? 

1 2 3 4 5 

5. …by side effects that interfere with your mood 

or emotions (e.g., anxiety/fear, sadness, 

irritation/anger)? 

1 2 3 4 5 
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How satisfied or dissatisfied are you… 

Taking all things into account, how satisfied or dissatisfied are you… 

Extremely 
dissatisfied 

Very 
dissatisfied 

Dissatisfied Somewhat 
satisfied 

Satisfied Very 
Satisfied 

Extremely 
satisfied 

6. …with how easy the 

immunological therapy 

is to use? 

1 2 3 4 5 6 7 

7. …with how easy it is to 

plan when you will use 

the immunological 

therapy each time? 

1 2 3 4 5 6 7 

8. …by how often you are 

expected to use/take 

the immunological 

therapy? 

1 2 3 4 5 6 7 

9. …that the good things 
about this 
immunological therapy 
outweigh the bad 
things? 

1 2 3 4 5 6 7 

Extremely 
dissatisfied 

Very 
dissatisfied 

Dissatisfied Somewhat 
satisfied 

Satisfied Very 
Satisfied 

Extremely 
satisfied 

10. …with this 

immunological 

therapy? 

1 2 3 4 5 6 7 
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Section 5. Demographic Information  
 
Finally, we would like to know a little about you to help us understand your responses. Please check or write in your 
responses as appropriate. 
 
1.  Which of the following best describes your ethnic/racial background? 

  White 
  Hispanic or Latino 
  Black/African American 
  American Indian/Alaska Native 
  Asian/Pacific Islander 
  Multiple races 
  Other (please specify)       

 
 

2.  What is your gender? 
  Female 
  Male 

 
 

3.  In what year were you born? 19    
 
 

4. What is your highest level of education? 
  Some high school 
  High school degree or equivalent (e.g., GED) 
  Some college but no degree 
  Associate degree 
  Bachelor degree 
  Graduate or professional degree 

 
 

5. What is your marital status? 
  Single 
  Married or Partnered 
  Divorced 
  Widowed 
  Other 

 
 

6. What is your employment status? 
  Employed full-time  
  Employed part-time 
  Student 
  Unemployed 
  Disabled  
  Retired 
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7. What type of health insurance do you currently have? (Check all that apply)
Private / Commercial / Pre-paid health plans (e.g., Aetna, Anthem, Blue Cross/Blue Shield, Prudential, Oxford, 
COBRA, Kaiser, Other HMO’s and PPOs) 
 Medicare 
 Medicaid  
 Tricare (formally CHAMPUS) 
 Department of Veteran’s Affairs 
 Other (please specify)_____________________________________ 
 I do not have any health insurance 

8. How long have you been diagnosed with MS (in years)?  years 

9. How long have you been on your current MS immunological therapy (in months)?

 months 

10. How many prescribed medications do you currently take for all chronic conditions, including your current MS immunological

therapy?

 1-2 
 3-4 
 5-6 
 7-8 
 9-10 
 >10 

11. Did you take any other MS immunological therapies in the past?
 Yes  
 No (If no, skip questions 10 and 11) 

12. How many other MS immunological therapies did you take in the past?

13. Was the MS immunological therapy you took right before your current immunological therapy an oral, injectable, or IV

infusion? (Check one)

 Oral 
 Injectable 
 IV infusion 

Thank you for your participation! 

Please fold the survey with the business reply on the 
outside.  Secure it with tape and drop it in any mailbox.  No postage 

is necessary. 
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APPENDIX D. STUDY THREE PRELIMINARY ANALYSES 

Preparation of data for analyses 

Completed paper-pencil surveys were coded according to a pre-specified coding 

book.  After coding, data were entered into a Microsoft Excel spreadsheet.  A random 

selection of 10 percent of cases was reviewed to ensure accuracy of data entry.  No errors 

in data entry were found.  The Excel spreadsheet data were imported to SPSS® Version 

23 for data analyses.  New variables were created for the adherence measure (doses 

taken/number of prescribed doses over the previous two weeks) and for total scores of the 

TSQM vII subscales and BMQ subscales.  Data were recoded in SPSS to reflect variable 

names and values.  Patients with adherence ≥ 80% and with adherence < 80% were 

classified as adherent (coded as 1) and nonadherent (coded as 0), respectively.  

Preliminary analysis of study variables 

In the first step, descriptive analysis was conducted to gain an understanding of 

data distribution for each variable.  Case analysis was conducted to identify any 

problematic observations (i.e., outliers) that may impact study results and to ensure that 

statistical test assumptions were not violated.  Z-scores were assessed for continuous 

variables.  Z-scores greater than |2.5| were considered as outliers and were excluded from 

analyses.  

Depending on the distribution of data, variables were collapsed into more 

appropriate categories for further analyses.  For example, most respondents (93.8%) were 
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white; thus, patients were categorized as white (coded as 1) and other (coded as 0).  Mean 

imputation was used to handle observations with missing data, such that each missing 

value was imputed with the mean of the observed values for that variable.  

 

Assumptions and considerations to be tested for logistic regression (objective 2) 

1. Independence—Residuals are assumed to be independent. 

 Given that no repeated measures or other correlated outcomes were collected, 

residuals were assumed to be independent in this study. 

 

2. Linearity of the logit—Dependent and independent variables need not be related 

linearly; however, independent variables need to be linearly related to the logit (log 

odds).  If not, the strength of relationships may be underestimated.  If a violation of 

the assumption is present, the continuous variable may be transformed into a different 

scale or may be dummy coded. 

 Violations of nonlinearity were tested using Box-Tidwell test, which includes 

interactions between continuous independent variables and their logs in the 

model. 
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 No significant interactions were found, which suggests that the linearity of the 

logit assumption has not been violated.  

 

3. Large sample size—Maximum likelihood (ML) estimates are less powerful than 

ordinary least squares (OLS) (e.g., simple linear regression, multiple linear 

regression).  OLS typically requires 5 cases per independent variable, while ML 

requires at least 10 cases per independent variable.  Based on final sample size, 

univariate logistic regression with each covariate may be conducted.  Covariates not 

reaching statistical significance may be removed before conducting multivariate 

logistic regression.   

 The final sample size was adequate for the analyses.  

 

Predictor variable B SE Wald p- 

value 

OR 95% C.I. 

Lower Upper 

AGE by LN_AGE 0.690 0.715 0.933 0.334 1.995 0.491 8.098 

DMTDUR by 

LN_DMTDUR 

-0.004 0.011 0.141 0.707 0.996 0.975 1.018 

MSDUR by LN_MSDUR 0.366 0.251 2.133 0.144 1.442 0.882 2.358 

TSQMEFF by 

LN_TSQMEFF 

0.018 0.103 0.029 0.864 1.018 0.832 1.246 

TSQMFX by 

LN_TSQMFX 

0.185 0.107 2.975 0.085 1.203 0.975 1.484 

TSQMCONV by 

LN_TSQMCONV 

-0.028 0.083 0.113 0.737 0.973 0.827 1.144 

TSQMGLOBAL by 

LN_TSQMGLOBAL 

1.016 0.847 1.438 0.230 2.762 0.525 14.530 

BMQPN by LN_BMQPN -0.664 0.493 1.815 0.178 0.515 0.196 1.352 

BMQPC by LN_BMQPC
 -0.109 0.364 0.090 0.764 0.897 0.439 1.830 
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4. Multicollinearity—Multicollinearity is the existence of non-zero correlations among

independent variables, which may decrease or prevent an independent variable from 

reaching statistical significance.  Ideally, independent variables should be strongly 

associated with the dependent variable, but not to each other. 

 Collinearity diagnostic analyses were calculated and the coefficients for tolerance 

values and variance inflation factor (VIF) were analyzed.  Variables with  

tolerance and VIF values outside of the recommended range were considered for 

removal from the multivariate logistic regression model.  Tolerance values less 

than 0.10 and VIF values greater than 10 may indicate issues of multicollinearity. 

 All Tolerance values were greater than 0.10, and all VIF values were less than 10, 

which indicate no issues with multicollinearity 

Variable Tolerance VIF 

TSQM Effectiveness 0.416 2.402 

TSQM Side Effects 0.688 1.453 

TSQM Convenience 0.693 1.442 

TSQM Global 0.332 3.011 

BMQ Perceived Necessity 0.737 1.358 

BMQ Perceived Concern 0.723 1.384 
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APPENDIX E. STUDY THREE STUDY OBJECTIVES, HYPOTHESES, AND 

CORRESPONDING STATISTICAL TESTS AND CONCLUSION 

Objectives/Hypotheses Dependent Variable Independent Variable Statistical Test Conclusion 

Objective 1:  To describe patients’ treatment satisfaction (in terms effectiveness, side effects, convenience, global 

satisfaction), perceived necessity, perceived concern, and adherence with their current DMT 

N/A N/A N/A Mean, standard 

deviation, 

frequency, 

range, 

Cronbach’s 

alpha 

N/A 

Objective 2:  To explore the factors that influence the likelihood of DMT adherence 

HA2a  There is a significant positive 

relationship between satisfaction with 

DMT effectiveness and the likelihood 

of being adherent, controlling for side 

effects, convenience, global 

satisfaction, perceived necessity, 

DMT adherence 

Doses taken / doses 

prescribed in previous 

two weeks ≥80% 

Primary 

Treatment satisfaction 

(effectiveness, side 

effects, convenience, 

and global satisfaction 

subscales) 

Logistic 

regression 

Not 

supported 
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perceived concern, and 

demographic/clinical covariates (age, 

race, gender, education, health 

insurance, years with MS, time on 

DMT, number of prescribed 

medications, DMT experience, and 

route of DMT  administration).  

Perceived necessity 

Perceived concern 

Covariates 

Demographic 

characteristics 

Clinical characteristics 

HA2b There is a significant negative 

relationship between dissatisfaction 

with DMT side effects and the 

likelihood of being adherent, 

controlling for effectiveness, 

convenience, global satisfaction, 

Doses taken / doses 

prescribed in previous 

two weeks ≥80% 

Primary 

Treatment satisfaction 

(effectiveness, side 

effects, convenience, 

and global satisfaction 

subscales) 

Logistic 

regression 

Not 

supported 
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perceived necessity, perceived concern, 

and demographic and clinical 

covariates (age, race, gender, education, 

health insurance, years with MS, time 

on DMT, number of prescribed 

medications, DMT experience, and 

route of DMT administration).   

 

Perceived necessity 

Perceived concern 

 

Covariates 

Demographic 

characteristics 

Clinical characteristics 

 

HA2c  There is a significant positive 

relationship between satisfaction with 

DMT convenience and the likelihood 

of being adherent, controlling for 

effectiveness, side effects, global 

satisfaction, perceived necessity, 

Doses taken / doses 

prescribed in previous 

two weeks ≥80% 

 

Primary 

Treatment satisfaction 

(effectiveness, side 

effects, convenience, 

and global satisfaction 

subscales) 

Logistic 

regression 

Not 

supported 
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perceived concern, and demographic 

and clinical covariates (age, race, 

gender, education, health insurance, 

years with MS, time on DMT, number 

of prescribed medications, DMT 

experience, and route of DMT 

administration).  

Perceived necessity 

Perceived concern 

Covariates 

Demographic 

characteristics 

Clinical characteristics 

HA2d  There is a significant positive 

relationship between global 

satisfaction with DMT and the 

likelihood of being adherent, 

controlling for effectiveness, side 

effects, convenience, perceived 

Doses taken / doses 

prescribed in previous 

two weeks ≥80% 

Primary 

Treatment satisfaction 

(effectiveness, side 

effects, convenience, 

and global satisfaction 

subscales) 

Logistic 

regression 

Not 

supported 
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necessity, perceived concern, and 

demographic and clinical covariates 

(age, race, gender, education, health 

insurance, years with MS, time on 

DMT, number of prescribed 

medications, DMT experience, and 

route of DMT administration).   

Perceived necessity 

Perceived concern 

 

Covariates 

Demographic 

characteristics 

Clinical characteristics 

 

HA2e  There is a significant positive 

relationship between perceived 

necessity and the likelihood of being 

adherent, controlling for effectiveness, 

side effects, convenience, global 

satisfaction, perceived concern, and 

Doses taken / doses 

prescribed in previous 

two weeks ≥80% 

 

Primary 

Treatment satisfaction 

(effectiveness, side 

effects, convenience, 

and global satisfaction 

subscales) 

Logistic  

regression 

Not 

supported 
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demographic and clinical covariates 

(age, race, gender, education, health 

insurance, years with MS, time on 

DMT, number of prescribed 

medications, DMT experience, route of 

administration).     

Perceived necessity 

Perceived concern 

 

Covariates 

Demographic 

characteristics 

Clinical characteristics 

 

HA2f  There is a significant negative 

relationship between perceived 

concern and the likelihood of being 

adherent, controlling for effectiveness, 

side effects, convenience, and global 

satisfaction, perceived necessity, and 

Doses taken / doses 

prescribed in previous 

two weeks ≥80% 

 

Primary 

Treatment satisfaction 

(effectiveness, side 

effects, convenience, 

and global satisfaction 

subscales) 

Logistic 

regression 

Not 

supported 
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demographic and clinical covariates 

(age, race, gender, education, health 

insurance, years with MS, time on 

DMT, number of prescribed 

medications, DMT experience, route of 

administration).  

Perceived necessity 

Perceived concern 

Covariates 

Demographic 

characteristics 

Clinical characteristics 
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