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Purpose: Multiple sclerosis (MS) is a costly, immune-mediated disease of the central nervous system. Most patients have relapsing- 
remitting MS (RRMS) for which disease-modifying therapies (DMTs) provide an effective treatment option by reducing relapse rates. 
However, adherence to DMTs is suboptimal. This study examines the association between adherence to teriflunomide and clinical and 
healthcare utilization outcomes.
Patients and Methods: Patients with RRMS who started treatment with teriflunomide between 1/1/2018 and 12/31/2019 were 
analyzed using IQVIA PharMetrics® Plus data. RRMS patients were identified via diagnosis codes and treatment types; the first 
prescription date for teriflunomide was the index date. Highly and poorly adherent patients were identified based on the proportion of 
days covered (PDC) post-index (PDC ≥0.8 and PDC ≤0.5, respectively). Patient demographics, clinical characteristics, healthcare 
utilization during the year pre- and post-index, and relapse rate post-index were reported descriptively. Outcomes were compared 
between highly and poorly adherent patients through logistic regression. Models were adjusted for demographics, comorbidities, and 
utilization measures during the baseline period.
Results: Among the 922 RRMS patients identified, 534 (57.9%) were highly adherent to teriflunomide, while 249 (27.0%) had 
PDC ≤0.5. The two groups were not statistically different in terms of demographic characteristics and comorbidities; however, 
poorly adherent patients were more likely to have emergency department (ED) or inpatient visits during baseline (36.9% 
versus 26.8%, P=0.004; 17.3% versus 10.9%, P=0.013, respectively). Unadjusted results suggested lower likelihood of both 
relapses and utilization during follow-up among highly adherent patients compared to poorly adherent patients. Adjusted 
results confirmed that high adherence was associated with decreased likelihood of post-index relapses, ED utilization, and 
inpatient utilization (OR [95% CI]: 0.55 [0.39–0.76], 0.49 [0.34–0.71], and 0.51 [0.27–0.97], respectively) even after 
controlling for baseline utilization.
Conclusion: High adherence to teriflunomide was found to be associated with fewer relapses and lower healthcare utilization among 
patients with RRMS.
Keywords: administrative claims analysis, disease modifying therapies, medication compliance, percent of days covered

Introduction
Multiple sclerosis (MS) is a costly, immune-mediated disease of the central nervous system, with the mean total 
healthcare costs ranging from $8528 to $54,244 annually per patient.1 Of the estimated one million people affected by 
MS in the US, approximately 85% have the relapsing-remitting (RR) MS subtype, characterized by relapse events 
followed by partial or complete remission without disease progression during remission.2–4

Disease modifying therapies (DMTs) are the cornerstone of treatment for RRMS and various oral (fingolimod, 
teriflunomide, dimethyl fumarate, siponimod, cladribine), injectable (interferon and glatiramer acetate), and intravenous 
(natalizumab, ocrelizumab, alemtuzumab, and rituximab) options are available for patients in the US.5

ClinicoEconomics and Outcomes Research 2022:14 755–761                                              755
© 2022 Greene et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

ClinicoEconomics and Outcomes Research                                           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 30 July 2022
Accepted: 15 December 2022
Published: 22 December 2022

C
lin

ic
oE

co
no

m
ic

s 
an

d 
O

ut
co

m
es

 R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ o
n 

23
-D

ec
-2

02
2

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-8357-8569
http://orcid.org/0000-0003-0177-6153
http://orcid.org/0000-0002-2049-5536
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


There is existing evidence of suboptimal adherence to oral DMTs in MS – indicated by mean proportion of days 
covered (PDC) and medical possession rates (MPR), as well as by binary measures. Particularly, recent systematic 
reviews by Mardan et al and Nicholas et al found a wide range (61–90%) of patients taking oral DMTs with PDC ≥0.8.6,7

Several studies document that increased adherence to DMTs as a class is associated with reduced relapse rates, slower 
RRMS disease progression, and lower healthcare costs,8–10 possibly allowing patients to optimally benefit from DMTs’ 
efficacy. These studies, however, are several years old, and as new therapies are introduced, clinicians may modify their 
prescribing practices to accommodate new agents or new knowledge about older ones.

Teriflunomide, an oral pyrimidine synthesis inhibitor indicated for the treatment of adults with relapsing forms of MS, 
was approved by the FDA in 2012 as a once-a-day oral treatment. At this point in the history of its use, practices for 
teriflunomide use may have stabilized beyond what was observed in earlier studies. Insurance claims are well suited to 
studying the link between prescription fill behavior and outcomes as these data allow observations over relatively long 
periods with complete data on healthcare utilization.

The objective of this study was to examine association of high adherence and clinical outcome and healthcare 
utilization for patients initiating teriflunomide in a contemporary insurance claims data set. Specifically, we compared 
outcomes across RRMS patients initiating teriflunomide who are adherent to treatment to patients who are non-adherent.

Materials and Methods
This was a retrospective, longitudinal cohort study using the administrative claims data from IQVIA PharMetrics® Plus 
for years 2017–2020. IQVIA databases are administrative claims databases that comprise de-identified adjudicated 
pharmacy claims (eg, outpatient prescriptions) and medical claims (eg, inpatient and outpatient services) submitted for 
payment by providers, healthcare facilities, and pharmacies, as well as member enrollment and benefit, patient, provider, 
and hospital demographic information. IQVIA databases are Health Insurance Portability and Accountability Act 
compliant and thus consistent with 45 CFR 46.101(b)(4) and exempt from Institutional Review Board oversight.

The overall study population included adult patients (≥18 years) with RRMS who were newly treated with 
teriflunomide, during the identification (ID) period from January 01, 2018 to December 31, 2019. As no specific ICD- 
10 diagnosis code exists for RRMS, a validated claims-based algorithm was used to identify patients with the condition 
(positive predictive value of 95%).11 Patients with MS without evidence of disease progression were defined as RRMS 
patients. Disease progression was identified by observing use of specific medications.11 Specifically, patients were 
considered to have RRMS if they had (i) ≥1 claim for teriflunomide at any time during the ID period with a 1-year 
washout period with no teriflunomide use (the first fill of index treatment was defined as the index date), and (ii) ≥1 
medical claim for MS (International Classification of Disease, 10th Revision, Clinical Modification [ICD-10-CM] codes: 
G35.xx) prior to or on the index date, and (iii) no use of medications commonly used for progressive disease 
(mitoxantrone, cyclophosphamide, or methotrexate) at any time during the study period. Additionally, patients were 
required to have continuous medical and pharmacy enrollment during the 1 year prior to (pre-index period) and 1 year 
after (post-index period) the index date and were at least 18 years old at the index date. Study schema is presented in 
Figure 1.

Among patients who met inclusion criteria, adherence to teriflunomide during the follow-up period was measured as 
PDC. PDC is a preferred method of measuring medication adherence and was calculated by the number of days that 
a patient had medication available divided by days of post-index period.12–15 Patients were grouped into high adherence 
(PDC ≥0.8) and low adherence cohorts (PDC ≤0.5). Patients not in the high or low adherence groups (0.5<0.8) were 
excluded.

Demographic characteristics were measured in the baseline period. To assess disease severity at baseline, we 
calculated Expanded Disability Status Scale (EDSS) using a claims-based algorithm.16 Kurtzke Functional System 
Scores (KFSS) were generated based on ICD-10-CM codes, then mapped to an EDSS score. We measured comorbidities 
in several ways, including the Charlson Comorbidity Index (CCI) and examining specific MS-related and autoimmune 
disease-related comorbidities of interest. Additionally, we summarized healthcare utilization in the baseline period. Given 
that the follow-up period intersected with the COVID-19 pandemic, we tracked the number of pandemic months during 
the patient’s follow-up period, using April 01, 2020 as the start of the pandemic.
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The primary outcomes were relapse rate and healthcare utilization (inpatient and emergency department [ED] visits) 
during follow-up. Relapses were determined from administrative claims data according to an algorithm used and 
validated in the literature17–19 requiring either (i) an inpatient visit with a primary diagnosis of MS or (ii) an outpatient 
visit with a diagnosis of MS and oral or intravenous corticosteroid use within 7 days of the outpatient visit. This 
algorithm was found to have a positive predictive value of 67.3%.19

Descriptive statistics including means, standard deviations (SD), and relative frequencies and percentages were 
reported for continuous and categorical data. In addition to descriptive analyses, modeling was performed to control 
for differences in observed characteristics between adherent and non-adherent patients that may confound the findings. 
Logistic regression models were conducted to estimate the likelihood of post-index relapses, ED visits, and inpatient 
visits. All models were adjusted for the following: age group, gender, region, baseline EDSS, baseline comorbidities, and 
baseline healthcare utilization. Odds ratio (OR) and 95% confidence intervals (CI), as well as adjusted rates and 95% CI, 
were reported for the logistic regression model.

All data transformations and statistical analyses were performed using SAS© version 9.4.

Results
Among the 922 patients with RRMS initiating teriflunomide who were identified and met the study criteria, 534 (57.9%) 
were highly adherent to the medication (PDC ≥0.8) and 249 (27.0%) were poorly adherent to the medication (PDC ≤0.5). 
The remaining 139 patients with intermediate adherence were removed from the analysis. Table 1 provides baseline 
characteristics for the study cohort. The mean age of highly adherent patients was 48.8 years versus 47.5 years for poorly 
adherent patients (P=0.085). The rate of females (78.5% versus 80.7%, P=0.469), as well as the geographic distribution 
of patients (P=0.175) were similar among highly and poorly adherent patients. Baseline disability and comorbidities were 
not statistically different between the two groups. The mean baseline EDSS score among highly adherent patients was 
2.5, while the same measure among poorly adherent patients was 2.8 (P=0.254). The mean CCI was 0.7 in both groups 
(P=0.856), while the mean number of chronic conditions was 4.2 and 4.4 in the high and low adherence groups, 
respectively (P=0.151). Moreover, the prevalence of a wide range of MS and autoimmune related comorbidities were not 
statistically different between the two groups. Poorly adherent patients were more likely to have ED and inpatient visits 
at baseline than highly adherent patients (36.9% versus 26.8%, P=0.004 and 17.3% versus 10.9%, P=0.013, 
respectively).

During the 1-year follow-up period, highly adherent patients were less likely to have relapses than patients with low 
adherence (28.5% versus 42.6%, P<0.001), while there was no statistical difference between the two groups in terms of 
likelihood of severe infection and EDSS scores. In terms of healthcare utilization, highly adherent patients were less 
likely to have either ED or inpatient visits during follow-up (17.2% versus 31.3%, P<0.001, and 4.5% versus 8.4%, 
P=0.027, respectively) (Table 2). The association between adherence and outcomes remained after adjusting for potential 
confounders, particularly baseline utilization. The logistic model showed that high adherence was associated with 

Identification period 

Follow-up period

12/31/20

Baseline period

Index date
Teriflunomide initiation 

1/1/17

Figure 1 Study design diagram.
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decreased likelihood of post-index relapses, ED visits, and inpatient hospitalization (OR [95% CI]: 0.55 [0.39–0.76], 0.49 
[0.34–0.71], and 0.51 [0.27–0.97], respectively) even after controlling for baseline utilization (Table 3). The adjusted 
probability of relapse was 27.5% for highly adherent and 40.9% for poorly adherent patients. The adjusted likelihood of 
ED and inpatient visits was about twice as much for poorly adherent RRMS patients than for highly adherent patients 
(28.1% versus 16.0% and 6.7% versus 3.6%, respectively) (Figure 2).

Table 1 Baseline Patient Characteristics and Utilization

High Adherence Low Adherence All P value

N (%) 534 (68.2) 249 (31.8) 783 (100)
Age, year, mean (SD) 48.8 (9.8) 47.5 (10.6) 48.4 (10.1) 0.085

Female, n (%) 419 (78.5) 201 (80.7) 620 (79.2) 0.469 

Geographic region, n (%) 0.175
Midwest 178 (33.3) 75 (30.1) 253 (32.2)

Northeast 100 (18.7) 42 (16.9) 142 (18.1)

South 213 (39.9) 100 (40.2) 313 (40.0)
West 43 (8.1) 32 (12.9) 75 (9.6)

Months of the post-index during the COVID-19 pandemic, 
mean (SD) [median]

1.4 (2.5) [0] 1.3 (2.4) [0] 1.4 (2.5) [0] 0.414

Baseline EDSS, mean (SD) 2.5 (2.5) 2.8 (2.5) 2.6 (2.5) 0.254

0.114
Mild (0–2.5), n (%) 287 (53.7) 118 (47.4) 405 (51.7)

Moderate (3–5.5), n (%) 186 (34.8) 106 (42.6) 292 (37.3)

Severe (≥6), n (%) 61 (11.4) 25 (10.0) 86 (11.0)
Charlson Comorbidity Index, mean (SD) [median] 0.7 (1.4) [0] 0.7 (1.3) [0] 0.7 (1.4) [0] 0.856

Number of chronic conditions, mean (SD) [median] 4.2 (2.0) [4] 4.4 (2.1) [4] 4.2 (2.0) [4] 0.151

Office visits, mean (SD) [median] 15.3 (13.5) [12] 14.5 (11.0) [11] 15.1 (12.8) 
[11]

0.355

Emergency department visits, n (%) 143 (26.8) 92 (36.9) 235 (30.0) 0.004

Inpatient hospitalizations, n (%) 58 (10.9) 43 (17.3) 101 (12.9) 0.013
LOS (days) among patients with hospitalizations, mean (SD) [median] 4.4 (5.8) [3] 4.7 (6.9) [3] 4.5 (6.2) [3] 0.826

Note: Bold text indicates header or overall category. 
Abbreviations: %, percent; EDSS, Expanded Disability Status Scale; LOS, length of stay; n, number of patients; SD, standard deviation.

Table 2 Post-Index Measures (Unadjusted)

High Adherence Low Adherence All P value

N (%) 534 (68.2) 249 (31.8) 783 (100)

Relapses, n (%) 152 (28.5) 106 (42.6) 258 (33.0) <0.001 

Inpatient relapses, n (%) 7 (1.3) 8 (3.2) 15 (1.9) 0.071

Outpatient relapses, n (%) 151 (28.3) 105 (42.2) 256 (32.7) <0.001 

Severe infection, n (%) 66 (12.4) 41 (16.5) 107 (13.7) 0.119

Post EDSS, mean (SD) [median] 2.1 (2.4) [1] 2.2 (2.5) [0] 2.2 (2.5) [0] 0.807

0.751

Mild (0–2.5), n (%) 326 (61.0) 145 (58.2) 471 (60.2)

Moderate (3–5.5), n (%) 175 (32.8) 87 (34.9) 262 (33.5)

Severe (≥6), n (%) 33 (6.2) 17 (6.8) 50 (6.4)

Leukopenia, n (%) 5 (0.9) 8 (3.2) 13 (1.7) 0.020 

Office visits, mean (SD) [median] 14.9 (13.6) [11] 14.3 (11.8) [12] 14.7 (13.0) [11] 0.543

Emergency department visits, n (%) 92 (17.2) 78 (31.3) 170 (21.7) <0.001

Inpatient hospitalizations, n (%) 24 (4.5) 21 (8.4) 45 (5.7) 0.027 

LOS (days) among patients with hospitalizations, mean (SD) [median] 5.9 (9.2) [3] 7.9 (12.4) [5] 6.8 (10.7) [3] 0.533

Note: Bold text indicates header or overall category. 
Abbreviations: %, percent; <, less than; EDSS, Expanded Disability Status Scale; LOS, length of stay; n, number of patients; SD, standard deviation.
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Discussion
In this study of commercially insured patients with RRMS initiating teriflunomide, we found that high adherence to 
teriflunomide (PDC ≥0.8) was associated with significantly better patient outcomes and lower healthcare utilization, with 
a decreased likelihood of relapses and ED or inpatient visits. Highly adherent patients were about 45% less likely to have 
a relapse, and about 50% less likely to have inpatient hospitalization or ED visits than patients in the low adherence 
cohort.

Our findings suggest that improving adherence to teriflunomide in patients with RRMS may lead to better health 
outcomes as well as decreased utilization of healthcare resources. In particular, if 100 poorly adherent patients were 
instead highly adherent, roughly 13 relapses and 12 ED visits may be avoided in the first year after initiation. We 

Table 3 Results of Logistic Regression Models

Any Post-Index Relapses Any Post-index ED Visits Any Post-Index Inpatient 

Hospitalizations

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Age group

18–34 vs 50+ 0.96 (0.54–1.68) 0.875 1.01 (0.55–1.86) 0.965 0.42 (0.12–1.49) 0.179

35–49 vs 50+ 1.39 (0.99–1.95) 0.058 0.85 (0.57–1.26) 0.416 0.54 (0.27–1.08) 0.082

Gender: Female vs Male 1.32 (0.88–1.98) 0.175 1.28 (0.80–2.06) 0.308 1.60 (0.65–3.94) 0.312

Geographic region

Midwest vs West 1.28 (0.70–2.37) 0.422 1.81 (0.89–3.68) 0.100 1.50 (0.39–5.76) 0.556

Northeast vs West 1.63 (0.85–3.13) 0.140 1.44 (0.67–3.09) 0.356 1.53 (0.36–6.46) 0.562

South vs West 2.00 (1.11–3.60) 0.020 1.35 (0.68–2.71) 0.392 2.05 (0.57–7.36) 0.269

Baseline EDSS 1.16 (1.09–1.24) <0.001 1.02 (0.95–1.10) 0.518 0.93 (0.82–1.06) 0.304

Baseline Charlson comorbidity index 1.07 (0.95–1.21) 0.243 1.04 (0.90–1.19) 0.612 1.18 (1.00–1.40) 0.056

Any baseline autoimmune related comorbidities: yes vs no 0.82 (0.53–1.27) 0.381 1.16 (0.72–1.86) 0.551 1.32 (0.61–2.83) 0.480

Months of the post-index during the COVID-19 pandemic 0.94 (0.88–1.01) 0.084 0.95 (0.88–1.03) 0.240 1.07 (0.95–1.20) 0.258

Any baseline ED visits: yes vs no 1.61 (1.15–2.27) 0.006 3.40 (2.34–4.95) <0.001 1.84 (0.96–3.54) 0.068

Any baseline inpatient hospitalizations: yes vs no 0.80 (0.49–1.31) 0.377 0.97 (0.57–1.65) 0.907 2.40 (1.09–5.26) 0.029

Adherence group: high vs low 0.55 (0.39–0.76) <0.001 0.49 (0.34–0.71) <0.001 0.51 (0.27–0.97) 0.040

Note: Bold text indicates header or overall category, and statistically significant (p<0.05) results across models. 
Abbreviations: %, percent; <, less than; ED, emergency department; EDSS, Expanded Disability Status Scale.

Any Post-Index Relapses Any Post-index ED visits Any Post-Index Inpatient
Hospitalizations

High adherent
patients 27.5% 16.0% 3.6%

Low adherent
patients 40.9% 28.1% 6.7%

0%

10%

20%

30%

40%

50%
Adjusted outcomes

Figure 2 Adjusted outcomes.
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recognize that inherent differences between the study’s non-randomized comparator groups may lead to differences in 
relapse rate and utilization. For example, highly adherent patients may be healthier or less likely to go to the emergency 
department than poorly adherent patients. To minimize the effect of such confounding factors, we performed multi-
variable analyses using various controls for disease severity and adjusting for baseline healthcare utilization. We also 
utilized a novel claims-based algorithm16 to create a proxy measurement for EDSS, a measure commonly used in clinical 
settings to assess disability in MS, thus allowing us to control for severity of disease in addition to the standard 
comorbidity measures.

Several studies have established links between adherence and patient outcomes and utilization. In contrast to our 
study, these studies are mostly based on older data, consider class-level associations, and may not have adequately 
controlled for disability.8–10 However, their results are similar to what was found in this study. Particularly, Burks et al10 

found that patients with MS who are highly adherent to DMTs are about 42% less likely to have relapses during the year 
post-index and about 52% and 38% less likely to have hospital and ER visits, respectively, compared to poorly adherent 
patients. Yermakov et al8 found qualitatively similar results in that higher adherence is associated with fewer relapses and 
lower healthcare resource utilization; however, they report change in outcomes associated with a 10% increase in 
adherence so quantitative comparison of results is difficult. Finally, Tan et al9 used significantly older data and focused 
on earlier available treatments. They found that high adherence is associated with better outcomes, but the magnitude of 
the effects was smaller than ones reported in this study.

Limitations
In order to provide updated information on adherence and outcomes in RRMS, we used the most recent years of data 
available. This presented a potential challenge in that the COVID-19 pandemic may have impacted patient behavior and 
healthcare utilization. We searched for, but did not find, a statistically significant interaction between COVID-19 and risk 
of relapse, ED visits, or hospitalization in our data. Our results were limited by the short duration of the pandemic period 
in our data. Repeating our analysis with additional data as it becomes available would provide needed insight on the 
burden faced by patients with MS during the pandemic, as well as further characterizing treatment patterns. Additionally, 
this study was a retrospective, observational analysis using large administrative claims data. These data lack important 
clinical details, including disease severity and symptoms, which prevented us from using such details to determine if 
a patient has RRMS. However, we used a validated algorithm to identify these patients. Additionally, when analyzing 
administrative claims data, direct information on whether medications are taken as prescribed is not available, thus we 
relied instead on medication fills. Moreover, most medications administered in hospitals are not captured in claims.

Our data only allow us to report on the association between adherence and outcomes rather than on causality. It is 
conceivable that patients with progressive disease and worse health outcomes would stop taking medication. Finally, this 
study is limited to patients with commercial and Medicare supplemental insurance. Results may not be generalizable to 
other populations.

Conclusion
Our study further confirmed that adherence to DMTs among RRMS patients is suboptimal despite evidence showing that 
high adherence is associated with better outcomes and lower healthcare utilization. Increased adherence to DMT is 
necessary to improve patient outcomes. Our study may inform decisions on selecting interventions to improve adherence 
to treatment for RRMS patients.
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