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specialty care management program
among patients with multiple sclerosis:
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Abstract

Background: To evaluate the clinical and economic impact of a specialty care management program among patients

with multiple sclerosis.

Methods: This retrospective cohort analysis included patients aged �18 years with �2 claims of multiple sclerosis

diagnosis and �1 multiple sclerosis medications from 1 January 2004 to 30 April 2008. The outcome metrics included

medication adherence and persistence, multiple sclerosis-related hospitalization, and multiple sclerosis-related cost.

Multivariate analyses were performed to adjust for demographics and clinical characteristics.

Results: Among the 3993 patients identified, 78.3% participated in the program and 21.7% did not. Over 12 months,

medication adherence and persistence improved among participants but deteriorated among non-participants (medica-

tion possession ratio change: þ0.08 vs �0.03, p< 0.001; persistence change: þ29.2 days vs �9.2 days, p< 0.001).

Multiple sclerosis-related hospitalization decreased from 9.6% to 7.1% for participants, whereas it increased from

10.1% to 12.0% for the non-participant group (p< 0.001). Multiple sclerosis-related medical spending (non-pharmacy)

decreased among participants, but it increased among non-participants (mean: �US$264 vsþUS$1536, p< 0.001). Total

multiple sclerosis-related cost for both groups increased over time (þUS$4471 vs þUS$4087, p< 0.001).

Conclusions: This program was associated with improved medication adherence and persistence, reduced multiple

sclerosis-related hospitalization, and decreased multiple sclerosis-related medical costs. Unfortunately, the cost savings in

the medical component did not offset the increased pharmacy expenditures during the 12-month follow-up period.
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Introduction

Multiple sclerosis (MS) is a chronic and progressive
inflammatory disease of the central nervous system
that affects approximately 211,000 to 400,000 people
in the United States of America.1–3 It is characterized
by many uncertainties. The cause is relatively unknown,
the pathophysiological mechanisms are diverse, and the
disease course is highly variable.4,5 In addition to the
disease uncertainty and complexity, patients with MS
experience a wide range of symptoms including fatigue,
cognitive dysfunction, bowel and bladder dysfunction,
weakness, spasticity, sexual dysfunction, and visual
problems.4,5

Despite the availability of disease-modifying therapy
(DMT) since 1993, the management of MS remains

challenging. With no cure available, treatment and dis-
ease management focus on slowing progression and
preventing relapse as well as controlling symptoms.6,7

Although the treatment efficacy has been established,
adherence to pharmacotherapy remains one of chal-
lenges because of difficult side-effects. To meet this
need and improve the management of MS, a specialty
care management program has been introduced in one
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of the largest commercially insured populations in the
USA since July of 2005. The intervention includes mail-
ing medication and disease-specific patient education
materials directly to the patients. Nurses make assess-
ment calls at the beginning and follow-up assessments
at months 3, 6, and 12, and every 12months thereafter.
They serve as a liaison to the pharmacy, a source of
medical information, and a cheerleader to encourage
adherence despite frequent difficult medication side-
effects. The program also includes refill reminder
calls. These calls enforce the importance of medication
compliance, inquire about patient’s status and develop
a relationship with the patient.

Many studies have reported the potential benefits of
care management programs in other therapeutic areas
such as diabetes, congestive heart failure, coronary
artery disease, and asthma.8–12 However, relatively
little published evidence about MS care management
programs is available. Some earlier studies have
shown the feasibility of programs for patient education,
exercise, specialist nurse, depression disease manage-
ment, and energy conservation among people with
MS.13–17 Most of these studies were symptom specific
and few were conducted on a wide scale. There is a need
to understand the impact of this type of program and
facilitate informed decision-making for review and
implementation. This study aims to address this exist-
ing gap. The primary study hypothesis is that the spe-
cialty care management program is associated with
medication adherence and persistence, risk of
MS-related hospitalization, and MS-related cost of
care. To our knowledge, this is the first study to eval-
uate the effectiveness of a specialty care management
program on these clinical and economic outcomes
among patients with MS.

Methods

Data source

This is a retrospective cohort study using administra-
tive claims data from the HealthCore Integrated
Research Database (HIRDSM), which includes 13 geo-
graphically dispersed US commercial health plans,
providing coverage for approximately 24.2 million
members. The administrative data set consists of inte-
grated medical claims, pharmacy claims, and eligibility
files. The study database was developed in compliance
with Health Insurance Portability and Accountability
Act of 1996 regulations (HIPAA).

Patient selection

The study population included those members aged
18 or above with at least two medical claims with an

International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) code for MS (ICD-
9-CM: 340.xx) and at least one medical or prescription
claim for MS medication between 1 January 2004 and
30 April 2008. MS medications of interest included
interferon beta-1a (both intramuscular (IM) and sub-
cutaneous (SC)), interferon beta-1b, glatiramer acetate,
mitoxantrone, and natalizumab. For patients enrolled
in the specialty care management program (participant
group), the index date was defined as the start date of
program participation. As other patients (non-partici-
pant group) did not have a program participation start
date, an index date was randomly assigned through
Monte Carlo simulation with regard to the participant
patients on treatment history (length of time from the
first observed MS treatment to program participation)
to maximize the comparability of treatment history
between participant and non-participant groups for
subsequent evaluation. Non-participants included
those who elected to obtain their medications from
other sources, those who resided in geographical
regions where the care management was not imple-
mented at the time of this study, and/or those who
participated in other care management programs
which cannot be identified in the database. All patients
were required to have �12months of continuous health
plan enrollment prior to and after index date.

Study measures

Three outcomes were assessed: medication adherence
and persistence, MS-related hospitalization, and total
MS-related cost of care during the 12months post-
index period. Medication adherence was measured
using medication possession ratio (MPR), defined as
the ratio of the total days supply of medication dis-
pensed during the period to the total number of days
over the post-index 12-month period.18,19 Medication
persistence referred to the duration of time from initi-
ation to discontinuation of therapy,18,19 where discon-
tinuation was defined as failing to obtain any MS
medication within 60 days after the depletion of the
previous days’ supply. MS-related hospitalization was
measured through identification of inpatient hospitali-
zations from medical claims in which there were any
claims containing an ICD-9-CM code for MS. Total
MS-related cost of care reflected the total allowable
amount reimbursed by the health plans, which con-
sisted of both medical and pharmacy components.
The medical component included cost incurred in inpa-
tient, emergency room, and outpatient settings associ-
ated with an ICD-9-CM code for MS. The pharmacy
component referred to the cost of MS medications filled
or administered (interferon beta-1a, interferon beta-1b,
glatiramer acetate, mitoxantrone, and natalizumab).
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Statistical analyses

All outcome measures were compared between the
participant and non-participant groups. Statistical dif-
ferences between groups were assessed using Wilcoxon
rank-sum test for continuous variables and Pearson
Chi-square test for categorical variables. An a priori
two-tailed level of significance (alpha value) was set at
the 0.05 level for all analyses.

Multivariate analyses were performed to evaluate
the association between the intervention of the specialty
care management program and each outcome while
controlling for potential confounders. Generalized
linear models were constructed using various response
probability distributions and link functions, depending
on the distribution of the outcomes and goodness of
fit of the models. For instance, gamma distribution
and log link function were used for total cost of care,
while binomial distribution and logit link function were
used for hospitalization. Covariates were chosen a
priori for all models based on clinical relevance and
baseline differences, which included age, gender, geo-
graphical region, plan type (i.e. health maintenance
organization (HMO), preferred provider organization
(PPO)), Deyo–Charlson co-morbidity index, co-morbid
conditions (numbness, fatigue, abnormality of gait, and
depression), the first MS medication on or after index
date (i.e. interferon beta-1a, glatiramer acetate), length
of treatment history (number of days between the first
observed MS medication and index date), and baseline
health care utilization (hospitalization and cost).

Results

A total of 3993 patients with MS were identified. Of
them, 78.3% (n¼ 3125) participated in the specialty
care management program and 21.7% (n¼ 868) did
not. Overall, the mean age was 46.3� 9.6 years and
approximately three-quarters of the cohort (75.2%)
were female. Interferon beta-1a IM was the most
common MS medication used (37.3%), followed by
glatiramer acetate (31.4%), interferon beta-1a SC
(16.6%), interferon beta-1b (13.5%), natalizumab
(0.8%), and mitoxantrone (0.5%). The participants
and non-participants were comparable in terms of
age, Deyo–Charlson co-morbidity index, and baseline
co-morbid conditions (Table 1). Compared with non-
participants, the participant patients had slightly
more females, were covered by different health
plans types (i.e. more HMO), had different geo-
graphic distribution, and had slightly higher propor-
tion of beta-1a IM and glatiramer acetate use. Based
on the time from first observed MS medication to
index date, the participant group had a slightly
longer treatment history than the non-participant

group (mean 16.8months vs 14.6months, respectively,
p< 0.001).

During the 12-month period after the index date,
medication adherence was significantly better in the
participant group than the non-participant group
(mean MPR: 0.86 vs 0.64, p< 0.001, Table 2).
Compared with the 12-month period prior to index
date, the MPR increased significantly more among
the participants than the non-participants (mean
þ0.08 vs �0.03, p< 0.001). In multivariable regression
analysis controlling for pre-index characteristics
(including pre-index MPR), the participant group on
average had 0.18 (95% confidence interval (CI): 0.16–
0.19) higher MPR than the non-participant group.
Similarly, the participants were more persistent on
MS therapy (time from initiation to discontinuation
of therapy) than the non-participants (mean 306.1
days vs 246.9 days, p< 0.001, Table 2). Over time, the
average time from initiation to discontinuation of ther-
apy of participant group increased by 29.4 days, while it
decreased by 9.2 days in the non-participant group
(p< 0.001). When pre-index characteristics were con-
trolled for in multivariate analysis, the participants on
average had a mean medication persistence of 50.6
(95% CI: 43.1–58.2) days longer than the non-
participants.

During the 12-month period prior to the index date,
participant and non-participant groups had compara-
ble MS-related hospitalization rates (9.6% vs 10.1%,
p¼ 0.64, Figure 1). However, the MS-related hospital-
ization rate became significantly lower for participants
than that for non-participants during the 12-month
period after index date (7.1% vs 12.0%, p< 0.001).
Multivariable logistic regression analysis also showed
the consistent trend that the participants were signifi-
cantly less likely to have a MS-related hospitalization
during the 12-month period after index date (adjusted
odds ratio: 0.51, 95% CI: 0.39–0.67).

Over 12months, the average MS-related medical
costs (non-pharmacy) decreased by US$264 among
participants, while it increased US$1536 among non-
participants (p< 0.001, Figure 2). On the other hand,
the average MS-related pharmacy costs increased over
time for both groups, with greater increases in the par-
ticipant group (US$4735 vs US$2551, p< 0.001).
Summing up the MS-related medical and pharmacy
costs, the participant group had a larger increase in
MS-related total cost of care from pre- to post-period
than the non-participant group (US$4471 vs US$4087,
p< 0.001, Figure 3). The same trend was found in mul-
tivariate analysis results. After adjusting for baseline
characteristics, the participants had 21% (95% CI:
17%–26%) higher MS-related total cost of care than
non-participants during the 12-month period after
index date.
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Discussion

The MS specialty care management program had sub-
stantial impact on MS management in this large, com-
mercially insured population. It was associated with
improved medication adherence and persistence,
reduced MS-related hospitalization, decreased MS-
related medical costs, and increased MS-related total
cost of care. These findings were encouraging, espe-
cially given the relatively short follow-up period of
1 year. Many times, the effects of disease manage-
ment take years to become evident in patient outcomes,
utilization of health care services, and economic
outcomes.9

One year after enrollment of the program, the par-
ticipants’ medication adherence and persistence were
improved. Even though participants’ adherence
appeared to be better at the baseline, it improved sig-
nificantly more within a year (on average increased
29.2 days, converted from 0.08MPR) while the adher-
ence deteriorated among non-participants. This obser-
vation was further substantiated with similar findings in
persistence on medication. Given equivalent persistence
at the baseline, the participants’ persistence on MS
medication improved during the 12-month period
after index date, whereas the non-participants’ persis-
tence worsened in the same period ( þ29.4 days vs
�9.2 days). Adherence has been crucial for obtaining

Table 1. Baseline patient characteristics (n¼ 3993)

Patient Characteristics Participant Non-participant p-value

Number of patients, n (%) 3125 (78.3) 868 (21.7)

Age, mean� SD (median) 46.4� 9.3 (47.1) 45.9� 10.5 (46.1) 0.10

Female, % 76.4 71.0 0.001

Health plan region, % < 0.001

East 15.6 24.9

Central 36.5 20.9

South 25.0 31.8

West 22.9 22.5

Health plan type, % < 0.001

HMO 16.9 26.8

POS 7.8 7.7

PPO 69.1 52.9

Others 6.21 12.6

DCI scorea, mean� SD (median) 0.32� 0.85 (0) 0.34� 0.85 (0) 0.13

Co-morbid conditions, %

Fatigue 16.8 17.3 0.74

Numbness 16.6 15.3 0.38

Depressive and mood disorders 41.7 44.1 0.21

Ataxia 3.0 1.8 0.06

Abnormality of gait 6.4 7.3 0.35

Fibromyalgia/myalgia and myositis 3.7 5.0 0.08

Urinary incontinence 3.6 2.5 0.13

Time from first observed MS

treatment to index date (months),

mean� SD (median)

16.8� 10.1 (19.0) 14.6� 9.8 (16.4) < 0.001

MS medicationb, % < 0.001

Interferon beta-1a IM 37.7 35.8

Interferon beta-1a SC 16.7 16.0

Interferon beta-1b 13.1 14.8

Glatiramer acetate 31.8 29.8

Natalizumab 0.5 1.8

Mitoxantrone 0.2 1.7

aDeyo–Charlson co-morbidity index.
bThe first observed MS medication on or after index date.
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the beneficial effects of treatment, as is true for other
therapeutic areas.20 These results suggested that the
program had a positive impact on patient adherence
and persistence with MS medication, and might conse-
quently obtain greater treatment benefits.

During the 12-month period after enrollment, the
MS-related hospitalization rate for the participant
group dropped from 9.6% to 7.1%, whereas it
increased from 10.1% to 12.0% in the non-participant
group. This considerable reduction in hospitalization
risk among participants was encouraging, especially
given that both groups had comparable MS-related
hospitalization rates during the baseline period (9.6%
vs 10.1%, p¼ 0.64). This reduction in MS-related hos-
pitalizations represents a successful improvement in
clinical benefits of the program, as these hospitaliza-
tions serve as an indicator of severe MS exacerbation

and acute care service. The reduced risk also coincided
with improved adherence and persistence among par-
ticipants in the same period, which suggested that the
improved clinical outcomes might be a result of better
control in disease progression.

After 1 year of enrollment in the program, the par-
ticipants decreased their average MS-related medical
spending by US$264, as opposed to non-participants

Table 2. Medication adherence and persistence 12-month period prior to and after index date

Outcome Measures Participant Non-participant p-value

MPRa

Pre-index 12 monthsb, mean� SD (median) 0.78� 0.28 (0.92) 0.68� 0.32 (0.82) < 0.001

Post-index 12 monthsc, mean� SD (median) 0.86� 0.20 (0.99) 0.64� 0.33 (0.74) < 0.001

Change (post–pre)d, mean� SD (median) 0.08� 0.31 (0.01) �0.03� 0.30 (0) < 0.001

Time from initiation to discontinuation of therapye (days)

Pre-index 12 monthsb, mean� SD (median) 275.0� 112.1 (336) 261.2� 125.3 (338) 0.76

Post-index 12 monthsc, mean� SD (median) 306.1� 84.1 (343) 246.9� 129.6 (334) < 0.001

Change (post–pre)d, mean� SD (median) 29.4� 124.4 (12) �9.2� 142.6 (0) < 0.001

aMedication possession ratio.
bAmong 88.9% (n¼ 2778) participants and 82.3% (n¼ 714) non-participants used one or more MS medication during this period.
cAmong 99.1% (n¼ 3097) participants and 96.8% (n¼ 840) non-participants used one or more MS medication during this period.
dAmong 88.4% (n¼ 2761) participants and 80.3% (n¼ 697) non-participants used one or more MS medication during both pre- and post- 12 months

period.
eDiscontinuation was defined as failing to obtain medication within 60 days after the depletion of the previous days supply.
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who increased it significantly by US$1536. This showed
the potential cost savings of the program by avoiding
unnecessary medical utilization including hospitaliza-
tion, emergency department, and unscheduled office
visits. On the other hand, the pharmacy expenditure
increased in both groups over time, with greater mag-
nitude among participants. The greater increase was
expected in part because of improved medication
adherence and persistence among participants. When
summing up MS-related medical and pharmacy costs,
however, the savings in medical utilization, unfortu-
nately, did not offset the increased pharmacy spending
for participants during the 12-month post-observation
period. This could be largely explained by the fact that
MS medications constituted about 72.3% (non-partici-
pants) to 84.0% (participants) of the MS-related total
cost of care, which was in line with other studies show-
ing that pharmacy costs accounted for the majority of
the MS-related total cost.21,22 As a result, it is unlikely
that a long-term cost saving will be seen in MS-related
total cost for participants, unless there is a significant
drop in medication costs in the future. Nonetheless,
it is important to note that such a program is worth-
while even if it does not lead to overall cost reduction.
In fact, it does not discount the clinical benefits
observed in medication adherence and hospitalization
in this study.

This study did not evaluate patient-reported out-
comes. Thus, the effect of the program on other out-
comes such as functional status and absenteeism was
unclear. Other studies had shown the potential impact
of care management program on quality of life, lost
work/school days, and patient satisfaction in other
therapeutic areas.10,23–25 One could speculate that the
improved medication adherence and persistence,
reduced risk of MS-hospitalization, and decreased
MS-related medical spending observed in this study

might have affected patients’ quality of life, productiv-
ity, and disease progress. With decreasing medical care
utilization indicated by both reducing MS-related hos-
pitalizations and medical spending, patients’ mobility
level and functional status may have been better con-
trolled and disease progress may have slowed down.
As a result, we hypothesize that the long-term health
of these MS patients would be more stable than if they
had not participated in the program. The reduction of
medical utilization also leads us to believe that the MS
patients would have fewer MS-related absences from
work and family-related responsibilities. However, fur-
ther research will be needed to substantiate these
hypotheses.

To validate the robustness of the study findings, we
performed several sensitivity analyses with different
methods. These methods included a) using all-cause
hospitalization instead of MS-related hospitalization;
b) using all-cause total cost instead of MS-related
total cost; c) excluding patients over 65 years old;
and d) excluding patients on mitoxantrone and natali-
zumab. All results of these sensitivity analyses were
consistent with the primary results and did not alter
the overall conclusions of this study.

Limitations

The study findings are subject to several limitations.
First, randomization of intervention (care manage-
ment) was not performed due to the nature of observa-
tional study. Although the comparability between
participants and non-participants in unobserved char-
acteristics (such as MS types (i.e. relapsing–remitting,
primary–progressive), disability level) cannot be assu-
med, the fact that over time change comparison still
reflected the potential impact of the program increases
the chance that the current results are robust. Second,
misclassification or measurement error could occur in
administrative claims, but it is unlikely that such error
would be systematically different across cohorts. Third,
the disenrollment information from the program was
not available. The participant group might have
included those who only partially participated or
dropped out sometime after enrollment in the program,
and hence the program effect observed in this study
could be underestimated. Fourth, it could be argued
that the results might not be generalizable to non-
participants due to difference in unmeasured character-
istics such as self-motivation and health-consciousness.
The participants may already have been more moti-
vated so that the management program was an add-
on. Nonetheless, this does not refute the observation
that the program affects participants as an aggregate,
who accounted for 78.3% in this commercially insured
population.
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Figure 3. MS-related total cost of care 12-month period prior

to and after index date.
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Conclusions

To our knowledge, this study was the first to evaluate
the impact of a MS specialty care management pro-
gram on clinical and economic outcomes. Our findings
suggested that this program was associated with
improved medication adherence and persistence,
reduced risk of MS-related hospitalization, and
decreased MS-related medical costs (excluding phar-
macy) over time. This represented an important
metric of program success. It was also associated with
higher MS-related total cost of care, which was primar-
ily driven by high pharmacy costs. The cost saving
in medical utilization, unfortunately, did not offset
the increased expenditure in pharmacy during the
12-month period after the program intervention.

Conflict of interest statement

Hiangkiat Tan, Jingbo Yu, Andrea Devries, and
Joseph Singer are employees of HealthCore Inc,
which is a wholly owned subsidiary of WellPoint Inc.
PrecisionRx Specialty Solutions was another subsidiary
company of WellPoint when the study was conducted.
Personnel from WellPoint and PrecisionRx Specialty
Solutions did not participate in the design, conduct,
management, analysis, interpretation, or review of
the study or the manuscript. David Tabby has reported
no conflict of interest.

Funding

The study was funded by WellPoint Inc., Indianapolis,
Indiana, USA.

Acknowledgements

The authors would like to thank Dr John Barron, PharmD,

HealthCore, Wilmington, DE, for his review on the first draft
of the manuscript and Ms Elizabeth Minford, HealthCore,
Wilmington, DE, for her help with formatting and submis-

sion of the manuscript.

References

1. Noonan CW, Kathman SJ and White MC. Prevalence
estimates for MS in the United States and evidence of
an increasing trend for women. Neurology 2002; 58:

136–138.
2. Anderson DW, Ellenberg JH, Leventhal CM,

Reingold SC, Rodriguez M and Silberberg DH. Revised

estimate of the prevalence of multiple sclerosis in the
United States. Ann Neurol 1992; 31: 333–336.

3. Who gets MS? Available at: http://www.nationalmssocie-

ty.org/about-multiple-sclerosis/who-gets-ms/index.aspx.
National Multiple Sclerosis Society. (2008, accessed
August 2009).

4. Noseworthy JH, Lucchinetti C, Rodriguez M and
Weinshenker BG. Multiple sclerosis. N Engl J Med
2000; 343: 938–952.

5. Courtney AM, Treadaway K, Remington G and
Frohman E. Multiple sclerosis. Med Clin North Am
2009; 93: 451–476.

6. Goodin DS, Frohman EM, Garmany Jr GP, et al.

Disease-modifying therapies in multiple sclerosis: report
of the Therapeutics and Technology Assessment
Subcommittee of the American Academy of Neurology

and the MS Council for Clinical Practice Guidelines.
Neurology 2002; 58: 169–178.

7. Goodin DS. Disease-modifying therapy in multiple scle-

rosis: update and clinical implications. Neurology 2008;
71: S8–13.

8. Cloutier MM, Grosse SD, Wakefield DB,

Nurmagambetov TA and Brown CM. The economic
impact of an urban asthma management program. Am
J Manag Care 2009; 15: 345–351.

9. Holtz-Eakin D. An analysis of the literature on disease

management programs. Available at: http://www.cbo.
gov/ftpdocs/59xx/doc5909/10-13-DiseaseMngmnt.pdf.
Congressional Budget Office. (2004, accessed August

2009).
10. McAlister FA, Lawson FM, Teo KK and Armstrong

PW. Randomised trials of secondary prevention pro-

grammes in coronary heart disease: systematic review.
BMJ 2001; 323: 957–962.

11. Riegel B, Carlson B, Kopp Z, LePetri B, Glaser D and
Unger A. Effect of a standardized nurse case-manage-

ment telephone intervention on resource use in patients
with chronic heart failure. Arch Intern Med 2002; 162:
705–712.

12. Taylor CB, Miller NH, Reilly KR, et al. Evaluation of a
nurse-care management system to improve outcomes in
patients with complicated diabetes. Diabetes Care 2003;

26: 1058–1063.
13. Kopke S, Kasper J, Muhlhauser I, Nubling M and

Heesen C. Patient education program to enhance decision

autonomy in multiple sclerosis relapse management: a
randomized-controlled trial. Mult Scler 2009; 15: 96–104.

14. Navipour H, Madani H, Mohebbi MR, Navipour R,
Roozbayani P and Paydar A. Improved fatigue in indi-

viduals with multiple sclerosis after participating in a
short-term self-care programme. NeuroRehabilitation
2006; 21: 37–41.

15. Forbes A, While A, Mathes L and Griffiths P. Evaluation
of a MS specialist nurse programme. Int J Nurs Stud
2006; 43: 985–1000.

16. Sauter C, Zebenholzer K, Hisakawa J, Zeitlhofer J and
Vass K. A longitudinal study on effects of a six-week
course for energy conservation for multiple sclerosis
patients. Mult Scler 2008; 14: 500–505.

17. Patten SB, Newman S, Becker M, Riddell C and Metz L.
Disease management for depression in an MS clinic. Int J
Psychiatry Med 2007; 37: 459–473.

18. Andrade SE, Kahler KH, Frech F and Chan KA.
Methods for evaluation of medication adherence and per-
sistence using automated databases. Pharmacoepidemiol

Drug Saf 2006; 15: 565–574.

962 Multiple Sclerosis 16(8)



19. Cramer JA, Roy A, Burrell A, et al. Medication compli-
ance and persistence: terminology and definitions. Value
Health 2008; 11: 44–47.

20. Osterberg L and Blaschke T. Adherence to medication.
N Engl J Med 2005; 353: 487–497.

21. Prescott JD, Factor S, Pill M and Levi GW. Descriptive
analysis of the direct medical costs of multiple sclerosis in

2004 using administrative claims in a large nationwide
database. J Manag Care Pharm 2007; 13: 44–52.

22. Russo P, Capone A, Paolillo A, et al. Cost-analysis of

relapsing-remitting multiple sclerosis in Italy after
the introduction of new disease-modifying agents.
Clin Drug Investig 2004; 24: 409–420.

23. Bunn III WB, Baver RS, Ehni TK, et al. Impact of a
musculoskeletal disability management program on med-
ical costs and productivity in a large manufacturing com-

pany. Am J Manag Care 2006; 12(Spec no): SP27–SP32.
24. Ofman JJ, Badamgarav E, Henning JM, et al. Does dis-

ease management improve clinical and economic out-
comes in patients with chronic diseases? A systematic

review. Am J Med 2004; 117: 182–192.
25. Ose D, Wensing M, Szecsenyi J, Joos S, Hermann K and

Miksch A. Impact of primary care-based disease manage-

ment on the health-related quality of life in patients with
type 2 diabetes and co-morbidity. Diabetes Care 2009; 32:
1594–1596.

Tan et al. 963


