
ABSTRACT
Objectives: To evaluate the impact of patient cost sharing on the 
probability of receiving disease-modifying therapies (DMTs) and 
treatment compliance among patients with multiple sclerosis (MS).

Study Design: Retrospective claims-based study using Truven 
Health Analytics MarketScan Commercial and Medicare databases.

Methods: Adult patients with MS with or without DMTs during 
January 1, 2004, to December 31, 2009, were identifi ed. Patients 
were assigned to low and high cost-sharing cohorts based on 
plan-level cost sharing for DMTs. Median cost sharing for DMTs 
($29), standardized to 2010 US dollars, was used to determine 
the threshold between “low” and “high.” The probability of receiv-
ing DMTs was assessed. The medication possession ratio (MPR) 
and risk of treatment discontinuation were evaluated during a 
12-month follow-up period. A sensitivity analysis was conducted to 
evaluate the same outcomes for patients with cost sharing <$100, 
$101 to $200, and >$200. 

Results: A total of 14,497 treated (low cost sharing [n = 6954, 
48.0%]; high cost sharing [n = 7543, 52.0%]), and 10,200 
untreated patients (low cost-sharing [n = 4957, 48.6%]; high 
cost sharing [n = 5243, 51.4%]) were identifi ed. Compared with 
the low cost-sharing cohort, the high cost-sharing cohort had 
signifi cantly lower odds of receiving DMTs (odds ratio [OR] = 
0.79, 95% confi dence interval [CI]: 0.74-0.84, P <.0001), lower 
odds of treatment adherence (MPR >80%) (OR = 0.87, 95% CI: 
0.81-0.94, P =.0006), and higher risk of treatment discontinuation 
(hazard ratio = 1.08, 95% CI: 1.02-1.15, P =.0060). Sensitivity 
analysis confi rmed that higher cost-sharing was generally associ-
ated with worse outcomes.

Conclusions: Higher cost sharing tends to result in suboptimal 
adherence or patients being left untreated. Such benefi t designs 
may increase health resource utilization as well as the risk of 
relapse and progressive disability.

(Am J Pharm Benefi ts. 2012;4(Special Issue):SP28-SP36) 
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Multiple sclerosis (MS), a chronic, disabling auto-

immune disease of the central nervous system, 

affects approximately 400,000 people—mostly 

young adults from 20 to 40 years old in the United States.1

Currently the predominant treatment for MS is disease-mod-

ifying therapies (DMTs), which slow down disease progres-

sion and reduce relapses. Since 1993, 7 DMTs have been 

approved by the US Food and Drug Administration (FDA) 

to treat relapsing forms of MS. The 2008 Expert Opinion Pa-

per issued by the National Multiple Sclerosis Society recom-

mends treatment with a DMT once a defi nite diagnosis of MS 

is reached. Experts agree that except for certain circumstan-

ces (such as lack of benefi ts, serious side effects, or better 

treatment options), treatment should continue indefi nitely to 

avoid increased risk for recurrent disease activity; however, 

43% of patients with relapsing-remitting MS (RRMS) are not 

receiving DMTs.2,3

Suboptimal treatment adherence is common and associa-

ted with a higher risk of relapse, emergency department 

(ED) visits, hospitalizations, and medical costs.4,5 Tan et al5

found that only 59.6% of the study patients had a medica-

tion possession ratio (MPR) of 80% or greater for DMTs. In 

another study examining treatment adherence, average MPR 

for patients on interferon-beta therapy varied from 72% to 

76%, with fewer than 41% of patients with an MPR of 85% 

or greater.4

Although many factors such as patient medical history, 

disease stage, physician and patient preference, and ac-

cess to treatment can infl uence the likelihood of receiv-

ing DMTs and achieving treatment adherence, the role of 

patient out-of-pocket (OOP) costs on medication adher-

ence has garnered interest in recent years. Against the 

national backdrop of rising healthcare costs, patients are 

facing increased fi nancial burden for medications because 

of higher copayments, multitier drug formularies, and the 

adoption of pharmacy coinsurance. Unlike other chronic 
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P R A C T I C A L  I M P L I C A T I O N S

This study looked at the impact of patient copays and co-insurance on 
the probability of receiving disease-modifying therapies (DMTs) and 
on being adherent with treatment in patients with multiple sclerosis. 
The study results showed that:

� Patients are sensitive to cost sharing. High cost sharing results in 
lower probability of receiving DMTs, lower probability of treatment 
adherence, and higher risk of treatment discontinuation.

� Patients who are not adherent to their DMTs have higher risk of 
relapse, more emergency department visits and hospitalizations, 
and higher medical costs.

� Reducing cost barriers may improve initiation of DMTs and treat-
ment adherence.
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maintenance medications, which may have cheaper ge-

neric substitutes, DMTs are included under the more 

expensive specialty drug category; this leaves patients 

with MS few alternatives. Campbell et al6 examined the 

annual patient OOP spending on MS medications and 

found that the median cost increased from $832 in 2002 

to $1042 in 2005, with the top 10% of patients incurring 

a 20% increase from $2598 in 2002 to $3230 in 2005. An 

evaluation of DMT use among privately insured patients 

with MS estimated through simulation that increasing 

drug copayment by 50% would lower the probability of 

receiving DMTs by 32.9%.7 Recently published studies 

have shed more light on the impact of cost sharing on 

treatment abandonment rate, MPR, and persistence with 

DMTs, fi nding a negative association between high cost 

sharing and treatment outcome.8-10 In these studies, pa-

tient cost sharing was measured based on either copay-

ment of the fi rst prescription,8 total OOP amount during 

6 months preceding the evaluation period,9 or mean 

copayment per 30 days during the evaluation period.10

Although these approaches refl ect the actual OOP costs, 

they do not include evaluation of patients who chose 

not to receive treatment because of cost-sharing burden. 

Using a method developed and employed for other con-

ditions and therapeutic agents,11-13 the present study used 

expected patient cost sharing to characterize the patient’s fi -

nancial burden with regard to DMTs. Cost sharing for DMTs 

was measured using a price index calculated at the health-

plan level, based on DMT prescriptions fi lled by all mem-

bers enrolled in the same plan during the same calendar 

year. This amount represents the costs that patients would 

face when deciding on DMT and compliance. This method 

has the advantage of placing a price tag on DMTs even if 

the patient declines treatment, thereby allowing analysis of 

how cost sharing infl uences a patient’s decision on whether 

to receive DMTs and subsequently adhere to the regimen.

METHODS
Data Source

This retrospective observational study identifi ed pa-

tients from the Truven Health Analytics MarketScan Com-

mercial and Medicare Supplemental and Coordination of 

Benefi ts (COB) Databases. These databases contain en-

rollment details (eligibility, health plan type) as well as 

medical and pharmacy claims with fi nancial information 

(provider reimbursement, member copayment, coinsur-

ance, and deductible). Patient data used in this analysis 

were deidentifi ed in compliance with the Health Insurance 

Portability and Accountability Act regulations. Institutional 

Review Board review and approval were not required. 

Study Population
Patients diagnosed with MS between January 1, 2004, 

and December 31, 2009, were identifi ed based on either 

1 inpatient or ED MS diagnosis (International Classifi -

cation of Diseases, Ninth Revision, Clinical Modifi cation 

[ICD-9-CM] code 340) or 2 or more outpatient MS diag-

noses that were at least 30 days apart. Diagnostic claims 

were not considered for study inclusion. Patients were 

classifi ed as treated or untreated based on evidence of 

nonintravenous DMTs (interferon beta-1a, interferon be-

ta-1b, glatiramer acetate) during 2004 to 2009. For treated 

patients, the fi ll date for the fi rst DMT was the index 

date. For untreated patients, the index date was randomly 

assigned to mimic the distribution of time between the 

fi rst observed MS diagnosis and the DMTs among the 

treated cohort. To remain eligible for analysis, patients 

were required to be 18 years or older at index and have 

12 months of continuous enrollment with pharmacy data 

availability before (preperiod) and after (postperiod) the 

index date. Patients with any claim for intravenous DMTs 

or with only medical claims for DMTs during the postpe-

riod were excluded from analysis. Given that plan-level 

cost sharing is the key independent variable in this study, 

only patients enrolled in plans with valid (nonmissing, 

nonzero) cost-sharing data for DMTs were included in 

the analysis (Figure 1).

Study Outcomes
We hypothesized that patients with MS facing high 

cost sharing would be less likely to receive DMTs than 

those facing low cost sharing and that treated patients 

with high cost sharing would have lower medication 

adherence and persistence relative to those with low 
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cost sharing. We assessed the probability of receiving 

DMTs, the probability of treatment adherence, and the 

risk of treatment discontinuation for patients in the high 

cost-sharing plans compared with those in the low cost-

sharing plans. Treatment adherence was measured using 

MPR during the 12-month postperiod, calculated as the 

total number of days with DMTs on hand divided by 

365 days. Treatment adherence was defi ned as an MPR 
>80%, which was also used in the Tan et al5 study to ex-

amine the relationship between MPR and risk of relapse, 

healthcare utilization, and medical expenditures among 

MS patients. Treatment persistence was measured by the 

number of days between treatment initiation and treat-

ment discontinuation. Treatment discontinuation was 

identifi ed based on a gap in DMT treatment of 30 days 

or more. Patients were characterized as nonpersistent 

with treatment based on the fi rst observation of treat-

ment discontinuation. 

Explanatory Variables
Patient Cost Sharing
The primary explanatory variable—patient cost-

sharing—was characterized as the cost burden that pa-

tients would face if they received DMTs. Cost sharing 

was estimated for each patient based on the health plan 

in which they were enrolled. Plan-level cost sharing for 

DMTs was assessed by calendar year (2004-2009) and 

payer (commercial and Medicare) for all study plans in 

the MarketScan Commercial and Medicare Databases. Co-

payment and coinsurance were standardized to costs per 
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Figure 1. Study Patient Selection

Patients who had MS diagnosis during 1/1/2004-12/31/2009
N = 110,356

Patients who had 1+ script for DMTs during
 1/1/2004-12/31/2009

n = 58,414 (52.9%)

Patients who did not have DMTs during
1/1/2004-12/31/2009
n = 51,942 (47.1%)

Patients who were age 18+ at study index date
n = 58,124 (99.5%)

Patients who received a randomly assigned
index date during 2004-2009

n = 49,284 (94.9%)

Patients who had 12-month continuous enrollment
before and after the index date

n = 16,978 (29.1%)

Patients who were age 18+ at study index date
n = 48,622 (93.6%)

Patients who did not have intravenous DMTs post-index
n = 15,386 (26.3%)

Patients who had 12-month continuous enrollment
before and after the index date

n = 11,146 (21.5%)

Patients who had at least 1 outpatient prescription
for DMTs post-index
n = 14,859 (25.4%)

Patients who enrolled in plans with non-missing
non-$0 cost sharing for DMTs

n = 10,200 (17.5%)

Patients who enrolled in plans with non-missing
non-$0 cost sharing for DMTs

n = 14,497 (24.8%)

Low cost sharing
n = 6954 (48.0%)

High cost sharing
n = 7543 (52.0%)

Low cost sharing
n = 4957 (48.6%)

High cost sharing
n = 5243 (51.4%)

DMT indicates disease-modifying therapy; MS, multiple sclerosis.
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30-day supply in 2010 dollars. Plan-level cost sharing was 

determined by: (1) copayment if a plan had a nonzero 

copayment value, or (2) coinsurance if a plan had a $0 

copayment but a nonzero coinsurance value. Study pa-

tients received their plan-level cost-sharing value based 

on the unique plan identifi er, the calendar year of their 

index date, and the payer. Patients who did not receive a 

cost-sharing value were excluded. The median DMT co-

payment amount for plans associated with study patients 

was $29; this value was used as the threshold to classify 

low versus high cost-sharing plans. 

Control Variables
Demographic variables including age, gender, US Cen-

sus region, urbanicity, insurance plan type, and payer 

were measured at the index date. Charlson Comorbidity 

Index (CCI) and medical conditions known to be associ-

ated or commonly reported among patients with MS were 

evaluated during the preperiod as proxies for disease 

severity. These conditions included: vascular disease, 

endocrine disease, musculoskeletal disease, urogenital 

dysfunction, visual loss, neurologic conditions, depres-

sion, pain, sleep disorders, and fatigue. Use of systemic 

corticosteroids, symptomatic therapies for MS (antilym-

phocyte globulin, methotrexate, and intravenous immune 

globulin), and MS-related hospitalization and ED visits 

were also assessed during the preperiod. We created a 

variable that characterized the patient’s MS and DMT 

status in the preperiod. This variable classifi ed patients 

as: previously treated; treatment naïve/previously diag-

nosed; treatment naïve/newly diagnosed; or treatment 

naïve/previous diagnosis status unknown. 

Multivariate Analysis
Because study outcomes can be confounded by dif-

ferences in patients’ demographic and clinical character-

istics, multivariate analysis was employed to adjust for 

imbalances between low and high cost-sharing groups. 

Specifi cally, logistic regression was conducted to assess: 

(1) probability of receiving DMTs in the high cost-shar-

ing cohort compared with the low cost-sharing cohort, 

and (2) probability of having treatment adherence in the 

postperiod among treated patients with high cost shar-

ing compared with those with low cost sharing. A Cox 

proportional hazards model was employed to analyze 

the relationship between treatment persistence and cost-

sharing level. Demographic and clinical variables were 

included in these models. Newly diagnosed status was 

included in the model that analyzed the probability of re-

ceiving DMTs; the composite variable that characterized 

preperiod MS diagnosis and DMTs status was included in 

treatment adherence and persistence models. The pro-

portional hazards assumption for the model covariates 

was assessed graphically by plotting the log of the nega-

tive log of the estimated survival function versus time. 

The presence of infl uential patients on the parameters 

estimates was verifi ed by plotting the score residuals ver-

sus the covariate values.

RESULTS
Patient Demographic and Clinical Characteristics

A total of 110,356 patients were identifi ed as having 

MS, with 53% characterized as treated and 47% as untrea-

ted with DMTs. After applying the study exclusion crite-

ria, 14,497 treated patients and 10,200 untreated patients 

with a valid nonzero plan-level cost-sharing amount for 

DMTs were included in the study (Figure 1). 

Patients in the high cost-sharing cohorts were general-

ly 3 to 4 years younger than those in the low cost-sharing 

cohort. The majority of study patients were commercially 

insured; a larger number of patients with low cost shar-

ing than high cost sharing had indemnity plans. Patients 

in low cost-sharing plans were more concentrated in 

the North Central region than those in high cost-sharing 

plans. The low and high cost-sharing cohorts shared simi-

lar clinical profi les, as shown in Table 1. 
Compared with treated patients, untreated patients 

were 6.8 years older and more likely to be Medicare 

enrollees. A total of 42% of treated patients had DMTs 

during the preperiod; 39% were newly diagnosed treat-

ment-naïve patients. Only 6% of treated patients were 

previously diagnosed with MS and did not receive DMTs 

in the preperiod. By design, all untreated patients were 

treatment-naïve in the preperiod; 67% of these patients 

were newly diagnosed. 

Cost Sharing for DMTs
The majority of patients—83% and 95% of low and 

high cost-sharing plans, respectively—had copayment as 

the only cost-sharing arrangement for DMTs. Approxi-

mately 15% of the low cost-sharing cohort and 3% of the 

high cost-sharing cohort paid coinsurance only. Fewer 

than 3% of patients had both copayment and coinsur-

ance. Seventy-nine percent of study patients enrolled in 

plans with monthly cost sharing <$50; 91% were in plans 

with cost sharing <$100. Only 6% and 2% of patients 

faced cost-sharing burdens ranging from $100 to $200 

and $200 to $300, respectively. And 1% of patients were 

in plans with cost-sharing arrangements for DMT in ex-

cess of $300. 
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Probability of Receiving DMTs
The unadjusted probability of receiving DMTs was 

similar between patients with MS in the low and high 

cost-sharing plans (odds ratio [OR] = 1.03, 95% confi dence 

interval [CI] 0.98-1.08, P = .3297). Although patients in the 

low and high cost-sharing plans were similar clinically, 

there were substantial imbalances in age, region, and 

health plan type. As shown in Table 2, these variables 
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Table 1. Patient Demographic and Clinical Characteristics
 Untreated Patients Treated Patients

 Low 
Cost Sharing

High 
Cost Sharing  Pa

Low 
Cost Sharing

High 
Cost Sharing   Pa

Number of patients 4957 5243 6954 7543
Age (mean, SD) 54.9 (12.7) 51.1 (12.2) <.001 47.6 (10.7) 44.8 (10.3) <.001
Female (n, %) 3606 (72.7%) 3937 (75.1%) .007 5317 (76.5%) 5840 (77.4%) .169
Region (n, %) <.001 <.001
  Northeast 617 (12.4%) 682 (13.0%) 780 (11.2%) 905 (12.0%)

  North Central 2223 (44.8%) 1098 (20.9%) 2831 (40.7%) 1661 (22.0%)

  South 1093 (22.0%) 1988 (37.9%) 1842 (26.5%) 3290 (43.6%)

  West 1007 (20.3%) 1446 (27.6%) 1466 (21.1%) 1645 (21.8%)

  Unknown 17 (0.3%) 29 (0.6%) 35 (0.5%) 42 (0.6%)
Urban residence (n, %) 4190 (84.5%) 4423 (84.4%) 5804 (83.5%) 6233 (82.6%)
Insurance plan type (n, %) <.001 <.001
  Indemnity 1687 (34.0%) 472 (9.0%) 1674 (24.1%) 401 (5.3%)

  EPO/PPO 2211 (44.6%) 2593 (49.5%) 3293 (47.4%) 4075 (54.0%)

  HMO 501 (10.1%) 1551 (29.6%) 973 (14.0%) 1869 (24.8%)

  POS 506 (10.2%) 433 (8.3%) 949 (13.6%) 970 (12.9%)

  High-deductible health plan 1 (0%) 14 (0.3%) 0 (0%) 15 (0.2%)

  Unknown/other 51 (1.0%) 180 (3.4%) 65 (0.9%) 213 (2.8%)
Capitation status (n, %) 544 (11.0%) 1237 (23.6%) <.001 993 (14.3%) 1424 (18.9%) <.001
Commercial payer (n, %) 3697 (74.6%) 4560 (87.0%) <.001 6429 (92.5%) 7368 (97.7%) <.001
Deyo-Charlson Comorbidity Index 
(mean, SD)

0.7 (1.3) 0.6 (1.1) <.001 0.4 (0.9) 0.3 (0.9) .002

Preperiod MS/treatment status (n, %) <.001 <.001
  Treatment naïve/previously diagnosed 1017 (20.5%) 1375 (26.2%) 450 (6.5%) 481 (6.4%)

  Treatment naïve/previous MS status 
  unknown

431 (8.7%) 529 (10.1%) 939 (13.5%) 876 (11.6%)

  Treatment naïve/newly diagnosed 3509 (70.8%) 3339 (63.7%) 2568 (36.9%) 3105 (41.2%)

  Ongoing treatment n/a n/a 2997 (43.1%) 3081 (40.8%)
Preperiod comorbid conditions (n, %)
  Vascular disease 1313 (26.5%) 1221 (23.3%) <.001 1329 (19.1%) 1356 (18.0%) .079

  Endocrine disease 1158 (23.4%) 1050 (20.0%) <.001 1267 (18.2%) 1105 (14.6%) <.001
  Musculoskeletal disease 1035 (20.9%) 1030 (19.6%) .121 1147 (16.5%) 1242 (16.5%) .963

  Urogenital dysfunction 1113 (22.5%) 1147 (21.9%) .484 1178 (16.9%) 1313 (17.4%) .456

  Visual loss 54 (1.1%) 55 (1.0%) .843 108 (1.6%) 128 (1.7%) .494

  Neurologic conditions 211 (4.3%) 271 (5.2%) .030 305 (4.4%) 347 (4.6%) .534

  Depression 643 (13.0%) 698 (13.3%) .610 959 (13.8%) 918 (12.2%) .004
  Pain 2506 (50.6%) 2662 (50.8%) .826 3429 (49.3%) 3784 (50.2%) .303

  Sleep disorders 316 (6.4%) 302 (5.8%) .193 366 (5.3%) 358 (4.7%) .153

  Fatigue 712 (14.4%) 806 (15.4%) .152 1054 (15.2%) 1230 (16.3%) .058

  Use of systemic corticosteroids 411 (8.3%) 564 (10.8%) <.001 852 (12.3%) 1147 (15.2%) <.001
  Symptomatic therapy for MS 55 (1.1%) 58 (1.1%) .987 60 (0.9%) 80 (1.1%) .224
Preperiod healthcare utilization (n, %)
  MS-related hospitalization 116 (2.3%) 115 (2.2%) .619 379 (5.5%) 403 (5.3%) .775

  MS-related ED visits 266 (5.4%) 324 (6.2%) .079 383 (5.5%) 381 (5.1%) .219

ED indicates emergency department; EPO, exclusive provider organization; HMO, health maintenance organization; MS, multiple sclerosis; n/a, not applicable; POS, point of service; 
PPO, preferred provider organization; SD, standard deviation.
aStatistical signifi cance was evaluated using χ2 tests for categorical variables and t tests for continuous variables.
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were signifi cant predictors of receiving DMTs: (1) the 

probability of receiving treatment decreased with increas-

ing age, (2) the probability of receiving treatment was 

lower for patients with indemnity health plans relative to 

those with POS plans, and (3) the probability of receiving 

treatment was higher for patients in the South relative to 

those in the West region. After multivariate adjustment for 

the aforementioned imbalances, the odds of receiving a 

DMT in the high cost-sharing group were 21% lower than 

for the low cost-sharing cohort (OR = 0.79, 95% CI: 0.74-

0.84, P <.0001).

Treatment Adherence and Persistence
Compared with treated patients with MS in the high 

cost-sharing plans, patients in the low cost-sharing plans 

had a signifi cantly higher unadjusted MPR for DMTs (0.82 

Table 2. Multivariate Logistic Regression Model of Effect of Patient Cost Sharing on the Probability of Receiving DMTs
 Reference Group Odds Ratio Lower Confi dence Level Upper Confi dence Level P

High Cost Sharing (>$29) Low Cost Sharing (<$29) 0.788 0.741 0.837 <.0001

Age

18-34 y 65+ 8.902 7.017 11.293 <.0001

35-44 y 65+ 6.478 5.159 8.133 <.0001

45-54 y 65+ 4.415 3.539 5.508 <.0001

55-64 y 65+ 2.513 2.026 3.118 <.0001

Gender (female) Male 1.091 1.022 1.165 .0091

Region

  North Central West 1.043 0.958 1.136 .3326

  Northeast West 0.931 0.839 1.032 .1736

  South West 1.201 1.104 1.306 <.0001

Urban residence Rural 0.980 0.907 1.060 .6167

Medicare payer Commercial 0.695 0.573 0.843 .0002

Plan Type

  EPO/PPO POS 0.825 0.751 0.906 <.0001

  HMO POS 0.881 0.782 0.992 .0368

  Indemnity POS 0.794 0.705 0.893 .0001

  Other/unknown POS 0.727 0.595 0.889 .0019

  Capitation POS 0.759 0.687 0.838 <.0001

Preperiod MS status

  Existing MS Newly Diagnosed 4.130 3.863 4.417 <.0001

  Unknown Newly Diagnosed 2.164 1.975 2.373 <.0001

Deyo-Charlson Comorbidity Index n/a 0.879 0.853 0.906 <.0001

Vascular disease No 1.046 0.973 1.124 .2266

Endocrine disease No 1.001 0.928 1.081 .9732

Musculoskeletal disease No 0.945 0.877 1.019 .1407

Urogenital conditions No 0.720 0.670 0.774 <.0001

Visual loss No 1.658 1.297 2.120 <.0001

Neurologic conditions No 0.949 0.829 1.086 .4426

Depression No 0.939 0.863 1.023 .1507

Pain No 1.118 1.053 1.186 .0002

Sleep disorders No 0.923 0.816 1.044 .2022

Fatigue No 1.103 1.018 1.196 .0164

Systemic corticosteroids No 1.539 1.408 1.682 <.0001

Symptomatic treatment No 0.837 0.630 1.111 .2176

Preperiod MS-related hospitalization No 2.780 2.361 3.274 <.0001

Preperiod MS-related ED Visits No 0.688 0.608 0.778 <.0001

ED indicates emergency department; EPO, exclusive provider organization; HMO, health maintenance organization; MS, multiple sclerosis; n/a, not applicable; PPO, preferred provider 
organization; SD, standard deviation.
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vs 0.79; P <.0001), a lower unadjusted discontinuation rate 

(35% vs 37%; P = .0002), and a higher unadjusted mean 

number of days on persistent treatment (268 ± 141 vs 256 

± 148; P <.0001). Results of the multivariate analysis, pre-

sented in Figure 2, found that the odds of treatment ad-

herence for the high cost-sharing cohort were 13% lower 

than for the low cost-sharing cohort (OR = 0.87, 95% CI: 

0.81-0.94, P = .0006). The risk of treatment discontinua-

tion was 8% higher for patients in the high cost-sharing 

plans than patients in the low cost-sharing plans (hazard 

ratio [HR] = 1.08, 95% CI: 1.02-1.15, P = .0060). 

Sensitivity Analysis
To better understand the impact of the upper end of 

the cost-sharing ranges among our study patients, we 

performed a multivariate sensitivity analysis by creating 

3 plan-level cost-sharing categories: <$100, $101 to $200, 

and >$200. Compared with patients with plan-level cost-

sharing <$100, the odds of receiving DMTs were 37% 

lower for patients in plans of cost sharing >$200 and 14% 

lower for patients with cost sharing of $101-$200 (OR = 

0.63, 95% CI: 0.54-0.74, P <.0001 and OR = 0.86, 95% CI: 

0.76-0.97, P = .0129, respectively) (Figure 3). The odds 

of treatment adherence were 39% lower among patients 

with >$200 cost sharing relative to those with <$100 (OR 

= 0.61, 95% CI: 0.50-0.75, P <.0001). The risk of treatment 

discontinuation was 27% higher for the >$200 cohort than 

the <$100 cohort (HR = 1.27, 95% CI: 1.10-1.47, P = .0013). 

Compared with patients in the <$100 plans, patients in 

plans of $101 to $200 had less favorable adherence and 

persistence outcomes, but no statistically 

signifi cant differences were detected. 

DISCUSSION
Using pharmacy and medical claims 

data from 2003 to 2010, this study evaluat-

ed how patients’ expected fi nancial burden 

for DMTs would infl uence the likelihood of 

receiving treatment and subsequent treat-

ment compliance. We used the median 

value of plan-level copayment for DMTs to 

classify 14,497 treated patients and 10,200 

untreated patients into plans with low and 

high cost sharing. Patients in high cost-

sharing plans had lower odds of receiving 

DMTs than patients in low cost-sharing 

plans; treatment adherence was lower, and 

discontinuation was higher among patients 

in high cost-sharing plans relative to their 

low cost-sharing counterparts. 

Negative associations between high cost sharing and 

treatment compliance among patients with MS have been 

documented in several published studies. Despite dif-

ferent methods of defi ning cost sharing and classifying 

cost-sharing groups, previous studies consistently sug-

gest that the negative impact of cost sharing on treat-

ment compliance with DMTs is most likely at the higher 

end of the patient OOP cost spectrum. Express Scripts, a 

pharmacy benefi t manager, evaluated factors predicting 

patient compliance with specialty drug therapy includ-

ing DMTs.10 Patients were classifi ed into 5 copayment 

categories. Results showed that patients with the highest 

copayment level (>$150) had 19% higher odds of being 

nonpersistent than those with copayment values <$20. 

However, the odds were not signifi cantly different be-

tween the $51 to $150 copayment groups and the <$20 

group. Dor et al9 examined MPR among patients with 

MS who paid copayment only (n = 987) and coinsurance 

only (n = 987) for DMTs. Copayment was not signifi -

cantly associated with MPR because the differences in 

copayment across alternative adherence thresholds were 

small, ranging from $31 to $42 per month. However, a 

10% increase in cost sharing resulted in a 9% decline 

in adherence in the coinsurance cohort (patients with a 

mean OOP of $284). Gleason et al8 analyzed the relation-

ship between OOP for the fi rst fi lled DMT prescription 

and the treatment abandonment rate, which was found 

to be signifi cantly higher for OOP expense >$200 when 

compared with an OOP expense of  <$100. Results from 

the sensitivity analyses examining the impact of the 
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Figure 2. Multivariate Results on the Effect of Patient Cost Sharing on 
the Probability of Treatment Adherence and the Risk of Treatment 
Discontinuation, High Versus Low Cost Sharinga

0.50 0.75 1.00

Odds Ratio/Hazard Ratio With 95% CIs

1.25

Probability of 
treatment adherenceb

Risk of 
treatment discontinuationc

OR = 0.87; 95% CI:
0.81-0.94; P = .0006

HR = 1.08; 95% CI:
1.02-1.15; P = .0060

CI indicates confi dence interval.
aLow cost-sharing cohort served as the reference group.
bLogistic regression model was used.
cCox proportional hazard model was used.
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upper end of the cost sharing on treatment compliance 

in the present study were consistent with these fi ndings. 

Our sensitivity analyses further confi rmed that higher 

cost sharing signifi cantly lowered the likelihood of re-

ceiving DMTs. As noted, the average age for the un-

treated patients was nearly 7 years older than the treated 

patients. In part, these large imbalances are because 

DMTs are only indicated for RRMS, which is more preva-

lent among younger patients. In addition, MS is a highly 

heterogeneous disease, and patients with milder disease 

may be less likely to receive DMT treatment, given its 

cost and inconvenience. Because diagnosis codes do 

not specify MS type, we were unable to directly assess 

treatment availability with respect to disease progression. 

However, because older people are more likely to have 

progressive forms of MS than young people, age as a 

covariate in the multivariate models served as a proxy for 

disease status.

Previous research indicates that poor DMT adherence is 

associated with a higher risk of MS-related hospitalization, 

ED visits, relapse, and MS-related medical costs.4,5 The 

consequences of delayed DMT initiation, low adherence, 

and poor persistence because of patient cost sharing were 

not assessed in this study, but it is possible that any rev-

enue obtained through cost-sharing arrangements may be 

partially offset by increases in medical services and costs. 

Results of this analysis should be interpreted in light of 

several limitations. Manufacturers offer patient assistance 

and copayment programs to reduce patient fi nancial bur-

den, but these subsidized payments were not distinguish-

able from the actual patient OOP costs on the prescription 

claims. Although patient assistance programs are typically 

offered to patients with low income and/or those without 

insurance, copayment programs are offered to a broader 

patient population. Patients in the current analysis have 

commercial insurance, which often makes them ineligible 

for patient assistance programs. Very few study patients 

(0.1%) were enrolled in a high-deductible health plan, 

which is often considered a proxy for low income. None-

theless, the study may underestimate the effects of benefi t 

design on the outcomes, because the impact of copayment 

program enrollment cannot be assessed with available 

data. A multivariate technique was employed to adjust for 

imbalances in patient demographic and clinical characteris-

tics using available data elements from the MarketScan da-

tabases. However, there are unobservable factors that may 

Figure 3. Multivariate Results on the Effect of Patient Cost Sharing on the Probability of Receiving DMTs, the Probability of 
Treatment Adherence, and the Risk of Treatment Discontinuation, Cost-Sharing Groups of ≤$100, $101 to $200, >$200a

0.25 0.50 0.75 1.00

Odds Ratio/Hazard Ratio With 95% CIs

1.501.25

Probability of treatment adherence, 
 cost sharing $101-$200b

Probability of treatment adherence, 
 cost sharing >$200b

Risk of treatment discontinuation, 
 cost sharing $101-$200c

Risk of treatment discontinuation, 
 cost sharing >$200c

Probability of receiving treatment, 
 cost sharing $101-$200b

Probability of receiving treatment, 
 cost sharing >$200b

OR = 0.93; 95% CI:
0.80-1.10; P = .4125

OR = 0.61; 95% CI:
0.50-0.75; P <.0001

OR = 0.63; 95% CI:
0.54-0.74; P <.0001

HR = 1.08; 95% CI:
0.96-1.22; P = .1962

HR = 1.27; 95% CI:
1.10-1.47; P = .0013

OR = 0.86; 95% CI:
0.76-0.97; P = .0129

CI indicates confi dence interval; HR, hazard ratio; OR, odds ratio.
aCost-sharing <$100 cohort served as the reference group.
bLogistic regression models were used.
cCox proportional hazard models were used.
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impact patients’ enrollment in high versus low cost-sharing 

plans, the choice to initiate treatment with DMTs, or treat-

ment adherence. Some of the factors that could not be as-

sessed include patient income, type/stage of MS, physician 

preferences, and distance to providers. Study results should 

be interpreted accordingly. This study relied on prescrip-

tion claims and assumed that dispensing was equivalent to 

utilization of the prescription. Previous research suggests 

that claims-based evaluation of medication compliance is a 

reliable assessment method.14 The choice of using 80% MPR 

to defi ne treatment adherence was somewhat arbitrary. We 

evaluated the relationship between cost sharing and adher-

ence using a 70% and a 90% threshold. The relationship 

between copay amount and adherence was modestly sensi-

tive to the way adherence was defi ned; however, the study 

conclusions were unaffected. For example, the odds ratio 

for adherence, comparing copay amount greater than the 

median versus less than the median, fl uctuated from 0.835 

to 0.874 to 0.905 when adherence was defi ned as MPR 
>70%, MPR >80%, and MPR >90%, respectively. All odds 

ratios were highly statistically signifi cant. A large percent 

of patients were excluded from the study because they did 

not meet the continuous enrollment criteria. The magni-

tude of this criterion was larger for the untreated cohort 

than for the treated cohort. Disenrollment from MarketScan 

databases is typically related to termination in employment 

or data contribution thresholds of MarketScan contributors. 

Consequently, we believe that patients excluded because 

of continuous enrollment were not markedly different, 

from a clinical perspective, from those who remained eli-

gible for analysis.

Finally, our fi ndings were limited to patients with 

commercial insurance and employer-sponsored Medicare 

supplemental coverage and cannot be generalized to the 

US population. 

CONCLUSIONS
Our fi ndings suggest that patients with MS are sensitive 

to the fi nancial costs associated with DMTs and may forgo 

treatment or end treatment prematurely when facing a high 

cost-sharing burden. Benefi t plan designs that negatively 

impact treatment initiation and/or adherence may increase 

the risk of relapse, health resource use, and disease pro-

gression. Future studies are desired to quantify clinical and 

economic consequence of undertreatment among patients 

facing high cost sharing. 
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