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Introduction
The work reported in this paper is part of a larger 
effort by the Multiple Sclerosis Outcome Assessments 
Consortium (MSOAC)1 to obtain qualification of a 
new clinical outcome assessment measure that is clin-
ically validated, sensitive, reliable, practical, cost-
effective, and reflective of changes that are meaningful 
to persons with multiple sclerosis (PwMS).2 MSOAC 
was established to (1) develop a methodology to 
assess the impact of new treatments intended to slow 
or stop the worsening of multiple sclerosis (MS)-
related disability and (2) explore the possibility of 
obtaining regulatory approval for a multiple compo-
nent measurement of disability for use as an endpoint 
for MS clinical trials. The creation of MSOAC was 
driven by the need to improve the assessment of 
MS-related disability, which is largely dependent 

upon the Expanded Disability Status Scale (EDSS).3 
The EDSS has been criticized for lacking measures of 
cognition, now recognized to be an important dimen-
sion of MS. An alternative approach, the Multiple 
Sclerosis Functional Composite (MSFC),4 has not 
been generally accepted, in part, because of the diffi-
culty interpreting the clinical meaning of z-score 
change, and the inclusion of the Paced Auditory Serial 
Addition Test (PASAT), a cognitive test that exhibits 
a marked learning effect and has been shown to be 
aversive to PwMS as it provokes anxiety.5–7 MSOAC 
has focused on qualifying a better measure of cogni-
tion and a visual measure, and placing a greater 
emphasis on the limitations in daily activities and ful-
fillment of life roles of PwMS. A full description of 
the MSOAC approach to qualification of a new multi-
faceted endpoint can be found in LaRocca et al.2
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For the purposes of the present investigation, we 
report on one of the main goals, which is the qualifi-
cation of a cognitive performance outcome measure, 
the Symbol Digit Modalities Test (SDMT), a widely 
used measure of information processing speed (IPS).8 
This paper describes the research completed to further 
examine the psychometrics and clinical utility of the 
SDMT and whether it could serve as a superior meas-
ure for use in MS given the long-standing encourage-
ment from the field to consider replacing the PASAT 
with the SDMT in the MSFC.9,10

At the time that the MSFC was developed, the PASAT 
was the most likely candidate for inclusion.11 PASAT 
was chosen given its sensitivity to change, brevity, 
ease of administration, lack of reliance on visual or 
motor function, and reliability. However, work during 
the ensuing years has revealed an aversion to the 
PASAT on the part of PwMS. In addition, the SDMT 
requires less time than the PASAT to complete, 
requires less assessor expertise, and requires no spe-
cial equipment since the SDMT is a simple paper and 
pencil task while the PASAT requires a CD or tape 
and a CD or tape player, respectively. As a result, it 
has been suggested that the PASAT be replaced by the 
SDMT.9,10 The SDMT is a simple, brief measure of 
IPS. The SDMT does not demonstrate significant 
ceiling effects, the test–retest reliability is quite sound, 
and practice effects are less of an issue with the SDMT 
as there are alternate forms available.10 Given these 
qualities, the SDMT has been increasingly used in 
clinical trials, in some cases alongside the PASAT, 
and in some trials replacing the PASAT. The SDMT 
was also recently chosen over the PASAT for use in 
the Brief International Cognitive Assessment for 
Multiple Sclerosis (BICAMS) battery.12

Recently, literature related to the validity of SDMT 
further supported the use of SDMT as the best candi-
date for a cognition outcome measure.13 Herein, we 
present a detailed analysis of the psychometric quali-
ties of the SDMT, its sensitivity to change and clinical 
meaningfulness and its performance compared to the 
PASAT.

Methods
The MSOAC Defining Disability Workgroup identi-
fied several domains relevant to individuals with MS.2 
Among the criteria was the ability to quantify the 
domain using performance measures that could be 
operationalized in a multi-center study. The MSOAC 
selected ambulation, manual dexterity, vision, and cog-
nition as domains of interest and assessed commonly 
used measures of these domains—namely, the Timed 

25-Foot Walk (T25FW), Nine-Hole Peg Test (9HPT), 
Low-Contrast Letter Acuity (LCLA), and the SDMT. 
Clinical trial data (active and comparator arms) were 
shared by sponsors and mapped to the Clinical Data 
Interchange Standards Consortium (CDISC) standard.2 
For the present investigation, the following additional 
measures of interest were included: EDSS, PASAT, 
Health Status Questionnaire (SF-36) as a measure of 
health-related quality of life (HRQOL), and the Beck 
Depression Inventory–Second Edition (BDI-II) as a 
measure of psychological functioning.

Statistical analyses
The first aim was to examine the psychometric quali-
ties of the SDMT, including score distribution, valid-
ity, and reliability. We conducted descriptive analyses 
of SDMT and PASAT at various time points, exam-
ined Spearman correlations with relevant clinical 
measures, and examined intraclass correlation coeffi-
cients of SDMT and PASAT. Practice effects on 
SDMT and PASAT were assessed using a mixed lin-
ear regression model using multiple measures from 
the same PwMS during a period in which PwMS were 
expected to be clinically stable as defined by an 
unchanged EDSS score during a period no later than 
6 months after baseline. The number of times the 
PwMS had completed the test and the interval since 
the previous assessment (categorized as 0–15 days, 
16–30 days, 31–90 days, and >90 days) were included 
as fixed effects, as categorical variables, and subject 
was included as a random effect.

For analyses of cognitive disability worsening, survival 
estimates for the percentage of patients with disability 
worsening at various time points were examined and 
presented in graphical form in Kaplan–Meier plots.

The second aim was to assess sensitivity to change and 
clinical meaningfulness of the SDMT. Sensitivity to 
change was evaluated using paired t-tests to compare 
SDMT scores before and after events expected to 
result in improvement or worsening and examining 
the association of SDMT with changes in HRQOL 
(SF-36). Finally, to examine the relationship of SDMT 
scores to known-group differences, an analysis of vari-
ance (ANOVA) was used to compare SDMT perfor-
mance of various disability groups. PwMS were 
classified as having longer (⩾10 years) versus shorter 
(<10 years) disease duration; and higher (4–10) ver-
sus lower EDSS (0–3.5). An ANOVA was conducted 
adjusting for age in 5-year bands. To adjust for the 
effect of age, least squares (LS) mean scores are pre-
sented. All analyses were also conducted with the 
PASAT–3 second administration for comparison.
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Results

Baseline characteristics
Total sample size was 12,776 and three datasets were 
compiled: one that included both the PASAT and the 
SDMT (Both Set; N = 1512), one that included the 
SDMT (SDMT Set; N = 2586), and one that included 
the PASAT (PASAT Set; N = 11,702) (See Table A1 in 
Supplementary Appendix).

Descriptive statistics
The SDMT had a near normal distribution, but the 
PASAT had a substantially negatively skewed distri-
bution (Figure 1(a) and (b)), suggesting a pronounced 
ceiling effect. Locally weighted scatterplot smoothing 
was applied to the data to examine scores over time 

(See Figures A1 and A2 in Supplementary Appendix). 
Scores on both the SDMT and PASAT were found to 
increase over time, despite the fact that MS tends to 
worsen over time, suggesting a practice effect. SDMT 
scores were only available for up to 2 years in dura-
tion, while PASAT scores were available for up to 
5 years (Table 1).

Construct validity analyses
Spearman correlations comparing the SDMT and 
physical clinical measures were performed to exam-
ine construct validity (Table 2). Results suggest that 
the SDMT has good construct validity given its mod-
est associations with measures of physical disability 
with rs ranging from 0.34 to 0.47. The strongest cor-
relations were with the 9HPT (r = 0.47) and the 

Figure 1. (a) Distribution of Symbol Digit Modalities Test (SDMT) at baseline. The histogram of SDMT scores at 
baseline, representing 2583 PwMS, is presented. (b) Distribution of Paced Auditory Serial Addition Test (PASAT) scores 
at Baseline. The histogram of PASAT scores at baseline, representing 11,609 PwMS, is presented.
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T25FW (r = −0.42). PASAT demonstrated signifi-
cantly weaker associations with all clinical measures 
(rs = 0.18 to 0.34).

Convergent validity analyses
SDMT and PASAT were significantly correlated 
(r = 0.54), supporting convergent validity and indicat-
ing that both measures assess a similar cognitive con-
struct. However, the measures are clearly not strongly 
correlated, suggesting that each measures one or more 
aspects of cognition independent of the other (Table 2).

Further evidence that the SDMT assesses domains not 
captured by physical markers is the relative lack of 

correlation between SDMT and change scores of dis-
ease measures. More specifically, these associations 
are typically less than 0.1 and not always significant. 
This finding suggests that changes in cognitive status 
may occur independently of changes in physical 
markers. These correlations are also lower with the 
PASAT (Table 3).

Reliability analyses of test–retest reliability and 
practice effects
Both SDMT and PASAT were found to have good 
reliability with an intraclass correlation of 0.85 for the 
SDMT and 0.86 for the PASAT. Scores on both 
improved over time, presumably due to practice 

Table 1. Participant characteristics.

Both SDMT Set PASAT Set

Gender M/F (%F) 441/1071 (71%) 766/1820 (70%) 3652/8050 (69%)

 Mean (SD) [Range] Mean (SD) [Range] Mean (SD) [Range]

Age (in years) 36.5 (9.79) [18–61] 38.6 (9.43) [18–61] 39.3 (10.05) [17–72]

Disease course 1512 RR 2586 RR 9715 RR/1044 SP/943 PP

Disease duration (years) 3.6 (4.71) [0–40] 5.9 (5.41) [0–40] 6.0 (7.54) [0–48]

EDSS at baseline 2.5 (1.23) [0–6] 2.7 (1.44) [0–8] 2.9 (1.63) [0–7]

SDMT at baseline 48.0 (16.73) [0–110] 47.9 (15.90) [0–110] 48.0 (16.73) [0–110]
PASAT at baseline 46.9 (11.61) [4–60] 46.9 (11.61) [4–60] 48.1 (11.42) [0–60]

M: male; F: female; RR: relapsing remitting; SP: secondary progressive; PP: primary progressive; SDMT: Symbol Digit Modalities 
Test; PASAT: Paced Auditory Serial Addition Test; SD: standard deviation; EDSS: Expanded Disability Status Scale.

Table 2. Spearman correlation coefficients (CC) for the Symbol Digit Modalities Test (SDMT) and Paced Auditory 
Serial Addition Test (PASAT) with clinical measures of disability at baseline and change from baseline at endpoint.

Clinical 
measure

SDMT 95% confidence 
interval

PASAT 95% confidence 
interval

N CC N CC

Baseline

 EDSS 1509 −0.34 −0.38 to −0.29 11,446 −0.21 −0.23 to −0.19

 9HPT 1506 −0.47 −0.51 to −0.43 11,628 −0.32 −0.34 to −0.31

 T25FW 1506 −0.42 −0.46 to −0.38 11,624 −0.29 −0.30 to −0.27

 LCLA 1501 0.34 0.30 to 0.39 5721 0.20 0.18 to 0.23

 PASAT 1505 0.54 0.50 to 0.57 – – –

Change scores

 EDSS 2418 −0.12 −0.16 to −0.08 11,358 −0.06 −0.08 to −0.04

 9HPT 105 −0.20 −0.25 to −0.15 11,629 −0.12 −0.14 to −0.11

 T25FW 1496 −0.14 −0.19 to −0.09 11,546 −0.04 −0.06 to −0.03

 LCLA 1501 0.06 0.01 to 0.11 5525 0.02 −0.01 to 0.04
 PASAT 1506 0.11 0.06 to 0.16 – –  

EDSS: Expanded Disability Status Scale; 9HPT: Nine-Hole Peg Test; T25FW: Timed 25-Foot Walk; LCLA: Low-Contrast Letter Acu-
ity; PASAT: Paced Auditory Serial Addition Test.
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effects (Figures A1 and A2 in Supplementary 
Appendix). Effect sizes were calculated from regres-
sion coefficients for test number from mixed effects 
models. Data in Table 4 demonstrate that improve-
ment was 2–3 times greater for the PASAT than for 
the SDMT. For example, the effect size for SDMT 
improvement after three administrations was 0.10, 
compared with 0.27 for the PASAT. After six admin-
istrations, the effect size for SDMT was 0.27, com-
pared with 0.50 for PASAT.

Known-group analyses
Findings suggest that individuals with a longer dis-
ease duration perform, on average, 3.31 points lower 
on the SDMT. When conducting a similar ANOVA 
with EDSS, a larger difference between the two 
groups was observed. As expected, individuals with a 
higher EDSS had lower SDMT scores. On average, 
this difference was 8.60 points, suggesting that the 
SDMT is more closely related to disease severity as 
measured by EDSS than it is to disease duration. 
These findings further confirm the validity of the 
SDMT given the expectation that individuals with 
higher EDSS and longer disease duration would have 
greater cognitive deficits and therefore lower scores 

on the SDMT. Similar findings were noted with the 
PASAT, although the magnitude of the differences 
was smaller (See Table 5).

Sensitivity to change
Analyses of cognitive disability worsening, as calcu-
lated by the survival estimates for the percentage of 
PwMS worsening at various time points, are shown in 
the Kaplan–Meier plots (Figure 2). Time to worsen-
ing on EDSS is included as a reference for each plot. 
As expected, the Kaplan–Meier curves differ for the 
various definitions of worsening in cognition as meas-
ured by SDMT (e.g. 20% deterioration and 15% dete-
rioration). The definition of disability worsening for 
the SDMT that most closely mirrors the pattern of 
EDSS disability worsening is a worsening in SDMT 
score of 15% from baseline. While similarities in the 
pattern of worsening were observed for SDMT and 
EDSS, individuals worsening on the EDSS were dif-
ferent from individuals worsening on the SDMT. 
Kappa coefficients were calculated to quantify agree-
ment between EDSS and SDMT worsening. Kappa 
coefficients ranged from −0.02 to +0.03, depending 
on the definition of SDMT worsening (data provided 
in Figure 2 legends), indicating that correspondence 

Table 3. Correlation between changes in SDMT and PASAT with change scores in clinical measures.

Clinical measure SDMT PASAT z-statistic, significance

EDSS change −0.12 −0.06 z = –2.7, 0.007

9HPT change −0.20 −0.12 z = –3.0, 0.003

T25FW change −0.14 −0.04 z = –3.67, <0.001

LCLA change 0.06 0.02 z = 1.4, 0.168
PASAT change 0.11 –  

SDMT: Symbol Digit Modalities Test; PASAT: Paced Auditory Serial Addition Test; EDSS: Expanded Disability Status Scale; 9HPT: 
Nine-Hole Peg Test; T25FW: Timed 25-Foot Walk; LCLA: Low-Contrast Letter Acuity.

Table 4. Regression coefficients for practice effects of the Symbol Digit Modalities Test (SDMT) and Paced Auditory 
Serial Addition Test (PASAT) expressed as effect sizes.

Administration SDMT PASAT

CC 95% CI CC 95% CI

Time 2 0.03 −0.09 to 0.15 0.14 0.11 to 0.17

Time 3 0.10 −0.02 to 0.22 0.27 0.24 to 0.30

Time 4 0.15 0.03 to 0.27 0.36 0.33 to 0.39

Time 5 0.28 0.15 to 0.40 0.47 0.44 to 0.50
Time 6 0.37 0.25 to 0.50 0.50 0.47 to 0.53

CC: correlation coefficient; CI: confidence interval.
For SDMT, the no. of observations = 8567 and the number of individuals = 2094.
For PASAT, the no. of observations = 24,327 and the number of individual = 7962.
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between EDSS and SDMT worsening was low. This 
suggests that the SDMT is capturing MS-related 
changes not detected by the EDSS.

Relationship of cognitive scores to HRQOL
We found that while the SDMT has modest associa-
tions with physical performance measures, it also has 
a significant association with measures assessing 
HRQOL and psychological functioning (Table 6). 
Moreover, the association between the SDMT and the 
Physical Component Summary (PCS) of the SF-36 
was significantly greater than between the PASAT 
and PCS.

We utilized changes in the PCS of the SF-36 as an 
indicator of change relevant to PwMS for two rea-
sons. First, SF-36 was the one patient-reported out-
come measure that was common across all clinical 
trials in the MSOAC database. Second, there is agree-
ment that a 5-point worsening on the PCS is consid-
ered clinically meaningful.14 We compared the 
proportion of individuals with and without worsening 
on various definitions of worsening on the SDMT to 
clinically meaningful worsening on the PCS (>5 
points) to determine what magnitude of SDMT wors-
ening would correlate with a meaningful worsening 
on the PCS (Table 7). More specifically, we defined 
populations of PwMS who worsened on the SDMT by 
the following definitions—20%, 15%, 10%, 3 points, 
or 4 points from baseline. We then compared the risk 
of worsening on PCS with worsening on SDMT.

Findings suggest that a decline in performance on the 
SDMT using any of the definitions was associated 
with worsening on the PCS, though in most cases 
these relationships were not statistically significant. A 
4-point or greater worsening on the SDMT was the 
strongest predictor of a concomitant worsening on 

PCS. Notably, this degree of change in the SDMT has 
been reported to be clinically meaningful, using 
relapses and employment as clinical anchors.15,16

Discussion
One of the MSOAC’s goals is to qualify a cognition 
performance measure that is clinically validated, sensi-
tive, reliable, practical, cost-effective, and reflective of 
meaningful changes to PwMS. The SDMT was chosen 
as such a measure. Previously, the SDMT has been 
found to be associated with disease progression as 
measured by various magnetic resonance imaging 
markers of MS disease severity,17–20 with these associa-
tions being greater for SDMT than PASAT.21 SDMT 
has also been shown to be a significant predictor of 
several functional, patient-related outcomes in MS 
including employment, driving, and instrumental daily 
activities.22–24 Performance on the SDMT is also pre-
dictive of future cognitive decline.25 For these reasons, 
the SDMT has been included in most neuropsychologi-
cal test batteries designed specifically for MS26,27 and 
was deemed the only core common data element meas-
ure of cognition for use in MS by the National Institute 
of Neurological Disorders and Stroke. Thus, in many 
instances, the SDMT has been found to be the most 
sensitive individual cognitive measure for use in MS. 
Due to its predictive validity, high sensitivity and spec-
ificity, ease of administration, and patient-friendliness, 
the SDMT is frequently included in clinical practice to 
help identify PwMS at greatest risk for cognitive 
impairment, poor outcomes such as unemployment, 
and disease progression. This paper provides a detailed 
statistical analysis of the psychometric qualities and 
clinical utility of the SDMT compared to PASAT, add-
ing to the existing literature on this subject. By every 
measure, SDMT proved superior to PASAT and should 
therefore be considered the measure of choice for MS 
trials for assessing cognitive processing speed.

Table 5. Difference in scores on the Symbol Digit Modalities Test (SDMT) and Paced Auditory Serial Addition Test 
(PASAT) among differing disease durations and Expanded Disability Status Scale (EDSS) scores.

SDMT (N = 2543) PASAT (N = 5593)

Disease duration

 <10 years 48.5 48.9

 ⩾10 years 45.2 46.2

 Difference (95% CI) –3.31 (–4.85 to −1.77) –2.71 (–3.48 to −1.95)

EDSS

 EDSS = 0–3.5 49.8 49.4

 EDSS = 4.0–10 41.2 45.0
 Difference (95% CI) –8.60 (–10.09 to −7.12) –4.35 (–4.85 to −3.85)

CI: confidence interval.
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Figure 2. Kaplan–Meier graphs of disability worsening by various SDMT definitions.
The percent of PwMS with worsening over time (in months) is shown for a 4-point change in SDMT, a 3-point change, a 20% change, a 
15% change, and a 10% change. Each graph also shows the EDSS worsening over time in the PwMS. Kappa coefficients for agreement 
between SDMT and EDSS worsening were −0.02 (95% CI: −0.06 to −0.02) for 4-point SDMT worsening; –0.01 (95% CI: –0.05 to 
−0.03) for 3-point SDMT worsening; +0.03 (95% CI: –0.01 to +0.06) for 20% SDMT worsening; +0.01 (95% CI: –0.03 to +0.05) for 
15% SDMT worsening; and −0.00 (95% CI: –0.04 to +0.04) for 10% SDMT worsening.
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For instance, the SDMT had a normal distribution of 
scores with little or no skewness. In contrast, the 
PASAT showed a severely negatively skewed distri-
bution, indicative of pronounced ceiling effects. Both 
instruments demonstrated practice effects which per-
sisted over the course of the trials; however, the prac-
tice effects shown by the PASAT were larger. In 
addition, both instruments showed moderate but sig-
nificant correlations with physical measures such as 
the EDSS and the T25FW; however, the SDMT 
showed higher values. Moreover, while the SDMT 
correlated moderately with the physical measures, the 
modest values of these correlations indicate that the 
SDMT is capturing facets of MS-related disability not 
encompassed by the physical measures. Furthermore, 
the association between the SDMT and EDSS over 
time indicated a divergence, further suggesting that 
changes in cognition over time may be occurring 
independently of physical impairment(s). Such find-
ings further support the contention that a cognitive 
measure is imperative for use in clinical trials and in 
the long-term assessment of individuals with MS, as it 
captures functional change that may be even more 
meaningful than the physical assessment.

Related to this, of particular importance was the rela-
tionship between the SDMT and the PASAT with 
HRQOL. Both showed significant correlations with 
the PCS. However, the SDMT correlated with the 
PCS more strongly than the PASAT. We also exam-
ined the alignment between changes in the PCS and 
cognitive measures. This analysis revealed that a 
4-point worsening on the SDMT was correlated with 
clinical decline as evidenced by a 5-point worsening 
on the PCS. It is important to note that in the litera-
ture, a 4-point change in the SDMT and a 5-point 
change in the PCS are both considered to be clinically 
meaningful, as reviewed in Benedict et al.13 In con-
trast, neither the SDMT nor the PASAT was strongly 

related to change in the physical measures. This find-
ing is particularly important because it points to the 
fact that cognition, which is adversely affected in 
more than half of individuals with MS, is not captured 
by commonly used physical measures. The implica-
tion is that in order for clinical trials to adequately 
address MS-related disability, a cognitive measure 
such as the SDMT must be included.

Data suggest that a worsening from baseline SDMT 
scores, defined as a 10%, 15%, or 20%, or a 3-point or 
4-point change sustained for 3 months occurs in a pro-
portion of PwMS similar to the proportion worsening 
using the traditional EDSS definition (Figure 2), pro-
viding evidence for sensitivity to change of the 
SDMT. More importantly, worsening on the SDMT 
occurs independently from worsening on the EDSS. 
These findings further support the inclusion of a cog-
nitive measure to fully capture MS disability 
progression.

While the SDMT and the PASAT did not correlate 
strongly with the short-term changes observed for 
physical measures in trials, the cognitive measures 
did correlate well with long-term changes as evi-
denced by their strong relationship in the known-
group analyses. Both the SDMT and the PASAT 
showed robust relationships with lower versus higher 
EDSS scores and with shorter versus longer duration. 
Those known groups represent, in dichotomous form, 
the effects of MS over time periods longer than is pos-
sible in a clinical trial. These findings provide strong 
support for the idea that the SDMT and, to a lesser 
extent, the PASAT, are sensitive to clinically mean-
ingful change, although to a limited extent when 
measured over a short period of time.

To summarize, our analyses have shown that the 
SDMT is a valid and reliable method to assess 

Table 6. Spearman correlation coefficients of the Symbol Digit Modalities Test (SDMT) and Paced Auditory Serial 
Addition Test (PASAT) with measures of health-related quality of life and psychological functioning.

Measure SDMT PASAT z-statistic, 
significance

N CC N CC

PCS 1486 0.36 5924 0.16 z = 7.42, 
p < 0.001

MCS 1486 0.21 5924 0.19 z = 0.72, 
p = 0.237

BDI-II 1986 −0.20 2275 −0.19 z = –0.34, 
p = 0.368

PCS: Physical Component Summary of the SF-36; MCS: Mental Component Summary; BDI-II: Beck Depression Inventory–Second 
Edition.
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clinically meaningful change in PwMS and captures 
variance in MS-related disability not encompassed 
by physical measures. These findings suggest that 
the most common endpoints used in  disease modi-
fying therapy (DMT) registration trials, annualized 
relapse rate and sustained EDSS progression, miss 
an important source of MS-related disability, 
namely, decline in cognitive function. Moreover, 
utilization of the endpoint known as no evidence of 
disease activity (NEDA) has significant shortcom-
ings if it does not include cognition. Future DMT 
registration trials need to expand their horizons to 
include cognition if they are to fully assess 
MS-related disability in ways that are meaningful to 
PwMS. This study has provided strong support for 
the use of the SDMT to fulfill this need.
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