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Abstract
Background and Objectives
Cognitive impairment is a common and impactful symptom of relapsing-remitting multiple
sclerosis (RRMS). Cognitive outcomemeasures are often used in cross-sectional studies, but their
performance as longitudinal outcome measures in clinical trials is not widely researched. In this
study, we used data from a large clinical trial to describe change on the Symbol Digit Modalities
Test (SDMT) and the Paced Auditory Serial Addition Test (PASAT) over up to 144 weeks of
follow-up.

Methods
We used the data set from DECIDE (clinicaltrials.gov identifier NCT01064401), a large ran-
domized controlled RRMS trial to describe change on the SDMT and PASAT over 144 weeks of
follow-up. We compared change on these cognitive outcomes with change on the timed 25-foot
walk (T25FW), a well-established physical outcome measure. We investigated several definitions
for clinically meaningful change: any change, 4-point change, 8-point change, and 20% change for
the SDMT, any change, 4-point change, and 20% change for the PASAT, and 20% change for the
T25FW.

Results
DECIDE included 1,814 trial participants. SDMT and PASAT scores steadily improved
throughout follow-up: the SDMT from a mean 48.2 (SD, 16.1) points at baseline to 52.6 (SD
15.2) at 144 weeks and the PASAT from 47.0 (SD 11.3) at baseline to 50.0 (SD 10.8) at 144
weeks. This improvement in scores is most likely due to a practice effect. Throughout the trial,
participants were more likely to experience improvement than worsening of their SDMT and
PASAT performance, whereas the number of worsening events on the T25FW steadily increased.
Changing the definition of clinically meaningful change for the SDMT and PASAT or using a
6-month confirmation changed the overall number of worsening or improvement events but did
not affect the overall behavior of these measures.

Discussion
Our findings suggest that the SDMT and PASAT scores do not accurately reflect the steady
cognitive decline that people with RRMS experience. Both outcomes show postbaseline increases
in scores, which complicates the interpretation of these outcome measures in clinical trials. More
research into the size of these changes is needed before recommending a general threshold for
clinically meaningful longitudinal change.
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Cognition is affected in all forms of multiple sclerosis (MS),
and cognitive dysfunction inMS can occur from disease onset,
including at the clinically isolated syndrome stage.1 Cognitive
dysfunction in adults with MS is common; its prevalence
depends on the definition of impairment and cognitive tests
used and varies between 43% and 65%.2

Clinical trials in all forms of MS often include measures of
cognitive function, but most studies examining cognition in
MS are cross-sectional. Cross-sectional analyses reflect dif-
ferences in outcome across the entire spectrum of disease
duration and participant ages, whereas longitudinal studies
describe change over a range of only a few years. It is unclear
whether cognitive measures as currently assessed are useful
longitudinal outcomes over the two- or three-year duration of
a typical clinical trial. In addition, measures taken at a single
time point may fail to identify patients with progressive cog-
nitive decline who have yet to reach a threshold defined as
clinically meaningful. Two commonly used cognitive trial
outcomes are the 3-second Paced Auditory Serial Addition
Test (PASAT) and the Symbol Digit Modalities Test
(SDMT). The PASAT is a measure of processing speed and
executive function and requires patients to perform a series of
mental additions under time pressure. The PASAT is often
experienced as stressful,3 and therefore, many trial partici-
pants do not tolerate it well. The PASAT also has a substantial
practice effect, which limits its usefulness as a trial outcome
and makes it difficult to estimate change over the trial period.4

The SDMT was originally developed as a screening test5 and
predominantly measures processing speed. The SDMT re-
quires trial participants to match symbols to numbers in a set
period of time. The SDMT is generally seen as more patient-
friendly and was recommended as the standard longitudinal
outcome for clinical trials in MS.6-8 Initially, a 4-point de-
crease in SDMT performance was understood to be clinically
relevant as this cutoff is associated with the loss of employ-
ment9; more recently, an 8-point decrease has been proposed
as a reliable threshold of cognitive decline.10 Validated cutoff
scores do not exist for the PASAT.

In an analysis of a large clinical trial data set, we found that
people with secondary progressive MS showed a steady im-
provement on the SDMT throughout 2 years of follow-up.11

This improvement in SDMT scores occurred in contrast to
steady worsening on physical outcome measures and may be
due to a practice effect. Other possibilities include a placebo
effect and the net effects of selective dropouts. In this in-
vestigation, we use patient-level data from DECIDE, a large
phase 3 randomized controlled trial in relapsing-remitting MS

(RRMS), to study change in SDMT and PASAT scores over 3
years of follow-up.

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
The DECIDE data set was obtained from Biogen (Biogen,
Cambridge, MA), the pharmaceutical company that con-
ducted and oversaw this trial. Ethical approval for the original
trial is described in the original publication.12 Ethical approval
for this analysis was sought and granted by the University of
Calgary Conjoint Health Research Ethics Board.

Data Set
DECIDE was a randomized controlled phase 3 study com-
paring subcutaneous daclizumab, administered every 4 weeks,
with IM interferon beta-1a, administered once weekly, in
people with RRMS for up to 144 weeks. Entry criteria included
a confirmed diagnosis of RRMS, age 18–55 years, a score of
0–5.0 inclusive on the Expanded Disability Status Scale
(EDSS),13 and clinical relapses in the 2 years before inclusion.

Statistical Analyses
In DECIDE, the SDMT was measured every 24 weeks, and the
PASAT was measured every 12 weeks. As a measure of physical
disability, we chose the Timed 25-foot Walk (T25FW),14 which
we previously showed to be a reliable and robust measure of
physical disability in RRMS.15 The T25FWwas performed every
12 weeks in DECIDE. For this analysis, we focused on the
measurements at baseline, 24, 48, 72, 96, 120, and 144 weeks.

We determined the proportion of participants with un-
confirmed and 6-month confirmed worsening and improve-
ment on these outcome measures by comparing baseline and
follow-up measures. Individuals missing a score at baseline,
the time point of interest, or the corresponding 6-month
confirmation assessment were excluded from the analysis.

We explored different definitions for clinically meaningful change
for the SDMT and PASAT. For the SDMT we used (1) any
change from baseline, (2) the established threshold9 of a 4-point
change from baseline, (3) the recently suggested10 threshold of an
8-point change from baseline, and (4) 20% or more change from
baseline. For the PASAT, we used (1) any change from baseline,
(2) 4-point change from baseline, and (3) 20% or more change
from baseline. For the T25FW, we defined clinically meaningful
change as 20% or more change from baseline.16

Glossary
CC = correlation coefficient;CELs = contrast-enhancing lesions; EDSS = Expanded Disability Status Scale; IQR = interquartile
range;MS = multiple sclerosis; PASAT = Paced Auditory Serial Addition Test; RRMS = relapsing-remitting multiple sclerosis;
SDMT = Symbol Digit Modalities Test; T25FW = timed 25-foot walk.
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We compared cognitive outcome scores and change in cog-
nitive outcome scores between the treatment arms with
Student t tests. Statistical significance was taken to be at the
two-sided 0.05 level. We used the R statistical software
package forWindows version 4.2.2 for all statistical analyses.17

Change in Cognitive Scores by Cognitive
Performance at Baseline
Because the change in cognitive outcomes could vary
depending on the degree of cognitive dysfunction at baseline,18

we investigated the mean change from baseline in SDMT and
PASAT scores in individuals with below-average vs average-
and-above scores at baseline. For these analyses, we used the
average scores at baseline in the DECIDE data set as cutoffs: 49
for the SDMT and 50 for the PASAT (Table 1).

Baseline Factors Associated With Change in
Cognitive Scores
To investigate which baseline patient factors may be asso-
ciated with the change in cognitive scores, we built linear
regression models with the change in SDMT and PASAT
scores between baseline and 96 weeks as the dependent
(outcome) variable and age, sex, disease duration, treatment
arm, and the cognitive score at baseline as independent
(predictor) variables.

Estimate of Regression to the Mean
To illustrate the possible influence of regression to the mean
on our results, we first determined the Pearson correlation
coefficient (CC) of the first (baseline) and second (24 weeks)
SDMT and PASAT measurements. We then calculated
Z-scores for the first and second SDMT and PASAT mea-
surements and selected cases with a baseline Z-score ≤
−1.282, which represent the lowest 10% of normally distrib-
uted test scores. We then calculated the mean Z-score for the
24-week measurement in these selected cases. We used the

following formula to estimate the size of the effect of re-
gression to the mean in the selected cases:

(1 – CC) * (mean Z-score 24 weeks – mean Z-score baseline)

We multiplied the result of this formula with the SD of the
baseline measurement in the whole cohort to arrive at an
estimate of regression to the mean in SDMT or PASAT units.

Data Availability
The data used in this study are available on request from
Biogen. Individual participant data collected during the trial will
be shared after anonymization and on approval of a research
proposal and data sharing agreement. Research proposals can
be submitted online (biogenclinicaldatarequest.com).

Results
DECIDE Data Set
The DECIDE data set contained patient-level data from 1,814
trial participants. Their baseline characteristics are given in
Table 1. DECIDE was designed to follow the participant cohort
until the last participant had finished the 96-week visit to a max-
imum of 144 weeks. As a consequence of this design, there were
substantially fewer participants at the 120- and 144-week follow-
up visits. At 96 weeks, there were 1,311 participants (72.2% of the
baseline cohort) with SDMT measurements in the cohort,
compared to 699 (38.5% of the baseline cohort) at 120weeks and
383 (21.1% of the baseline cohort) at 144 weeks. For the PASAT,
there were 1,316 (72.5% of the baseline cohort) measurements at
96 weeks, 703 (38.8% of the baseline cohort) at 120 weeks, and
388 (21.4% of the baseline cohort) at 144 weeks (Table 2).

Change in Cognitive Outcome Scores
Mean SDMT and PASAT scores steadily increased during
follow-up (Figure 1 and Table 2). At 144 weeks of follow-up,

Table 1 Baseline Characteristics

Interferon beta-1a Daclizumab Total

n 922 919 1,841

Sex (F/M) 627/295 625/294 1,252/589

Age (mean, SD) 36.2, 9.3 36.4, 9.3 36.3, 9.3

Disease duration (mean, SD) 6.9, 6.3 7.0, 6.3 6.9, 6.3

Relapses in the year before inclusion (mean, SD) 1.6, 0.8 1.5, 0.7 1.6, 0.7

Relapses in the 2 y before inclusion (mean, SD) 2.3, 1.0 2.2, 0.9 2.2, 1.0

Participants with CELs at baseline (%) 45.3% 44.0% 44.7%

EDSS score at baseline (median, IQR) 2.5 (1.5–3.5) 2.0 (1.5–3.5) 2.0 (1.5–3.5)

SDMT at baseline (median, IQR) 49 (37–58) 49 (39–58) 49 (38–58)

PASAT at baseline (median, IQR) 50 (40–56) 51 (41–56) 50 (40–56)

Abbreviations: CELs = contrast-enhancing lesions; EDSS = Expanded Disability Status Scale; IQR = interquartile range; PASAT = Paced Auditory Serial Addition
Test; SDMT = Symbol Digit Modalities Test.
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mean SDMT scores had increased by 4.9 points (SD 12.5),
and mean PASAT scores had increased by 3.3 points (SD 8.1)
compared with baseline.

There were significant differences in SDMT and PASAT
scores between treatment arms from baseline to 144 weeks of
follow-up, with significantly higher scores in the daclizumab
arm (Figure 1 and Table 3). In both treatment arms, SDMT
and PASAT scores increased over time, significantly more in

the daclizumab arm than in the interferon arm: at 144 weeks,
mean SDMT scores increased by 6.8 (SD 12.2) in the dacli-
zumab arm, compared with 2.9 (SD 12.5) in the interferon
arm; however, at 48 weeks, the significant differences were in
the opposite direction with the interferon beta-1a arm
showing greater change. At 144 weeks, mean PASAT scores
increased by 4.0 points (SD 8.1) in the daclizumab arm,
compared with 2.6 points (SD 8.1) in the interferon
arm (Table 3). Although these differences were statistically

Figure 1 Mean Cognitive Outcome Scores During Follow-up

Mean SDMT (A) and PASAT (B) scores throughout follow-up. Error bars represent the SD. Mean scores on both instruments steadily increase throughout
follow-up, likely due to a practice effect of the repeated application of themeasures. There is little difference between the treatment arms in cognitive scores.

Table 2 Raw Outcome Scores Throughout Follow-up

Week of follow-up

Baseline 24 48 72 96 120 144

SDMT (mean, SD) 48.2, 16.1 49.1, 15.3 50.5, 15.4 51.6, 15.1 51.7, 15.1 52.3, 15.2 52.6, 15.2

SDMT (median, IQR) 49, 38 to 58 50, 39 to 59 51, 41 to 61 52, 42 to 62 52, 42 to 62 52, 43 to 62 53, 43 to 63

Number of observations 1,775 1,678 1,549 1,425 1,311 699 383

SDMT change from baseline (mean, SD) — 1.1, 11.6 2.4, 12.0 3.3, 12.7 3.8, 12.4 4.7, 12.8 4.9, 12.5

SDMT change from baseline (median, IQR) — 2, −3 to 6 2, −3 to 8 3, −2 to 9 4, −2 to 10 4, −2 to 11 5, −1 to 11

Number of observations — 1,630 1,504 1,386 1,276 683 370

PASAT (mean, SD) 47.0, 11.3 48.2, 10.8 49.3, 10.4 49.9, 10.4 50.0, 10.6 50.2, 10.4 50.0, 10.8

PASAT (median, IQR) 50, 40 to 56 51, 43 to 57 53, 44 to 57 54, 45 to 58 54, 45 to 58 54, 45 to 58 54, 44.47 to 58.25

Number of observations 1,827 1,693 1,516 1,439 1,316 703 388

PASAT change from baseline (mean, SD) — 1.2, 6.3 2.0, 7.1 2.5, 7.1 2.6, 7.5 3.1, 7.6 3.3, 8.1

PASAT change from baseline (median, IQR) — 1, −2 to 4 1, −1 to 6 2, −1 to 6 2, −1 to 6 2, −1 to 7 2, −1 to 7

Number of observations — 1,684 1,552 1,429 1,310 699 385

Abbreviations: IQR = interquartile range; PASAT = Paced Auditory Serial Addition Test; SDMT = Symbol Digit Modalities Test.
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significant, the overall difference in raw scores was low, for
example, at 96 weeks of follow-up, the mean SDMT score was
52.4 (SD 15.1) in the daclizumab arm, compared with 51.0
(SD 15.1) in the interferon arm. Similarly, the mean PASAT
score at 96 weeks of follow-up was 50.2 (SD 10.6) in the
daclizumab arm and 49.8 (SD 10.6) in the interferon arm
(Figure 1 and Table 3).

Clinically Meaningful Change in
Cognitive Outcomes
Throughout the trial, participants were more likely to experi-
ence improvement than worsening of their SDMT and PASAT
performance, and improvement events increased steadily over
follow-up, whereas there was little change in worsening events
for the SDMT and PASAT (Figure 2 and Table 4). These
findings for cognitive outcomes stand in contrast to change on
the T25FW, a physical outcome measure. On the T25FW, the
number of worsening events steadily increased over time, and

worsening events always outnumbered improvement events.
Using 6-month confirmation yielded lower estimates than for
unconfirmed change but did not alter the overall behavior of
the measures (Table 4). Changing the definition of clinically
meaningful change for the SDMT and PASAT similarly
changes the overall number of worsening or improvement
events but does not affect the overall behavior of these mea-
sures (Table 4).

Change in Cognitive Scores by Cognitive
Performance at Baseline
SDMT and PASAT scores increased in participants with below-
average cognitive performance and in those with average-
and-above cognitive performance at baseline (Table 5). Scores
increased more in participants with below-average performance
at baseline for both measures (mean change from baseline at 96
weeks: 7.3 SDMT points, 5.2 PASAT points) compared with
those with average-and-above performance at baseline (mean

Table 3 Mean Outcome Scores Throughout Follow-up in the 2 Treatment Arms

Week of follow-up

Baseline 24 48 72 96 120 144

Daclizumab Mean SDMT, SD 48.6, 16.0 49.3, 15.1 50.5, 15.0 51.9, 15.3 52.4, 15.1 52.7, 15.0 53.4, 15.9

n (% of enrolled) 889 (96.7) 856 (93.1) 799 (86.9) 729 (79.3) 667 (72.6) 352 (38.3) 192 (20.9)

Interferon Mean SDMT (SD) 47.8, 16.2 48.8, 15.6 50.4, 15.8 51.3, 14.9 51.0, 15.1 51.9, 15.3 51.9, 14.5

n (% of enrolled) 886 (96.1) 822 (89.2) 750 (81.3) 696 (75.5) 644 (69.8) 347 (37.6) 191 (20.7)

p (t test) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Daclizumab SDMT mean change
from baseline, SD

— 1.1, 12.3 2.2, 11.7 3.7, 12.4 4.7, 11.8 5.7, 12.6 6.8, 12.2

n (% of enrolled) — 834 (90.8) 779 (84.8) 709 (77.1) 650 (70.7) 345 (37.5) 185 (20.1)

Interferon SDMT mean change
from baseline, SD

— 1.2, 10.9 2.5, 12.4 3.0, 13.0 2.8, 13.0 3.7, 13.0 2.9, 12.5

n (% of enrolled) — 796 (86.3) 725 (78.6) 677 (73.4) 626 (67.9) 345 (37.4) 185 (20.1)

p (t test) — 0.17 0.0005 <0.0001 <0.0001 <0.0001 <0.0001

Daclizumab Mean PASAT, SD 47.3, 10.9 48.4, 10.7 49.3, 10.4 49.8, 10.6 50.2, 10.6 50.0, 10.7 50.0, 11.4

n (% of enrolled) 911 (99.1) 866 (94.2) 806 (87.7) 739 (80.4) 671 (73.0) 353 (38.4) 194 (21.1)

Interferon Mean PASAT, SD 46.8, 11.7 48.0, 10.9 49.3, 10.3 50.0, 10.3 49.8, 10.6 50.5, 10.1 49.9, 10.4

n (% of enrolled) 916 (99.3) 827 (89.7) 756 (82.0) 700 (75.9) 645 (70.0) 350 (38.0) 194 (21.0)

p (t test) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Daclizumab PASAT mean change
from baseline, SD

— 1.2, 5.8 2.1, 6.7 2.4, 6.9 2.8, 7.3 3.5, 7.6 4.0, 8.1

n (% of enrolled) — 861 (93.7) 800 (87.1) 733 (79.8) 668 (72.7) 351 (38.2) 192 (20.9)

Interferon PASAT mean change
from baseline, SD

— 1.1, 6.7 2, 7.4 2.6, 7.3 2.4, 7.8 2.7, 7.6 2.6, 8.1

n (% of enrolled) — 823 (89.3) 752 (81.6) 696 (75.5) 642 (69.6) 348 (37.7) 193 (20.9)

p (t test) — 0.02 0.002 <0.0001 <0.0001 <0.0001 <0.0001

Abbreviations: PASAT = Paced Auditory Serial Addition Test; SDMT = Symbol Digit Modalities Test.
Bold type indicates statistically significant p values.
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change from baseline at 96 weeks: 0.4 SDMTpoints, 0.5 PASAT
points, Table 5).

Baseline Factors Associated With Change in
Cognitive Scores
For the SDMT, age, treatment arm, and SDMT score at
baseline were significantly associated with the change in scores
between baseline and 96 weeks in the linear regression model,
whereas sex and disease duration showed no significant asso-
ciation after adjustment for the other covariates. The regression
coefficients were −0.17 per year increase in age (p < 0.0001),
−0.38 per point increase in SDMTat baseline (p < 0.0001), and
1.67 for participants in the treatment arm (p = 0.01, adjusted R2

= 0.22). For the PASAT, only age and PASAT score at baseline
were significantly associated with the change in scores between
baseline and 96 weeks, whereas sex, treatment arm, and disease
duration showed no significant associations. The regression
coefficients were −0.08 per year increase in age (p = 0.001) and
−0.28 per point increase in the PASAT at baseline (p < 0.0001,
adjusted R2 = 0.17).

Estimate of Regression to the Mean
Studies of cognitive outcome often select for participants with
low cognitive performance. In DECIDE, 182 participants had
a baseline SDMT Z-score, and 242 participants had a baseline
PASAT Z-score of −1.282 or below. Our calculation showed
an estimated regression to the mean of 1.52 SDMT and 0.41
PASAT points between the first and second measurements in
the selected cases, which suggests a moderate effect of re-
gression to the mean on the results.

Discussion
In this investigation of people with active RRMS, similar to
our previous study in SPMS,11 the cognitive outcomes SDMT

and PASAT show a steady improvement over time. Because
the clinical impression is that cognitive function in RRMS
steadily declines, it would be reasonable to assume that a
useful measure of cognitive function in RRMS would show
worsening over time at the group level, even if only a portion
of the trial cohort experienced cognitive decline. Contrary to
this expectation, our investigation of the DECIDE data set
shows that SDMT and PASAT scores steadily increased
throughout the 3 years of follow-up, probably due to a practice
effect. We cannot exclude that the increase in SDMT and
PASAT scores is due to a true treatment effect of both in-
terferon and daclizumab; however, we deem this possibility
unlikely because the increase in SDMT and PASAT scores is
roughly equal in both trial arms, although daclizumab is the
more efficacious treatment. In our previous investigation on
cognitive outcome scores in ASCEND, a large placebo-
controlled trial in SPMS,11 the increases over time were also
seen in the placebo arm; thus while not ruling out a treatment
effect, it adds to the minimization of such an effect. Further
research into SDMT and PASAT scores in the placebo arms
from placebo-controlled clinical trials and in real-world pa-
tient cohorts is necessary to clarify this point.

Another possible explanation of our findings would be re-
gression to the mean, in the sense that the baseline mea-
surements of the cognitive outcomes were unusually low and
that the subsequent regression to the mean at later mea-
surements explains the increase in scores over the duration of
the trial. Our exploration of this question suggests a moderate
amount of regression to the mean in DECIDE. This effect
does not appear strong enough to explain the increase in
scores on its own. The observed increase in cognitive scores is
most likely a combination of a practice effect, regression to the
mean, and possibly also a true treatment effect, with the
practice effect as the largest contributor.

Figure 2 Worsening and Improvement Events During Follow-up

Participants with 6-month confirmed ≥20% worsening or improvement on the T25FW (A), SDMT (B), and PASAT (C). As expected, worsening events on the
T25FW steadily increase throughout the trial, andworsening events always outnumber improvement events. In contrast, on the SDMT and PASAT, worsening
events remain low and stable throughout follow-up, whereas improvement events steadily increase. Improvement events always outnumber worsening
events on the SDMT and PASAT.
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To get a better understanding of this issue, we contrasted
change on the SDMT and PASAT by several definitions with
change on the T25FW, a responsive and reliable measure of
physical disability in RRMS.15 Our intention here was not to

suggest that cognitive performance and physical disability are
closely correlated, but to compare the SDMT and PASAT
with a reliable outcome measure that consistently behaves in
keeping with the clinical impression and patient experience of

Table 4 Percentages of Participants With Worsening and Improvement of Cognitive Outcomes Throughout Follow-up

Week of follow-up

24 48 72 96 120 144

SDMT any worsening U 36.9 33.9 29.8 28.6 28.7 27.8

SDMT any worsening 6 MC 21.6 18.6 18.0 18.4 19.7 —

SDMT any improvement U 56.6 61.0 64.8 67.0 67.8 68.9

SDMT any improvement 6 MC 43.8 50.1 54.8 56.8 56.0 —

SDMT 4-pt worsening U 22.4 22.7 19.1 19.1 18.7 20.3

SDMT 4-pt worsening 6 MC 11.9 11.2 11.2 11.3 12.0 —

SDMT 4-pt improvement U 37.2 44.5 49.9 53.6 53.7 55.7

SDMT 4-pt improvement 6 MC 27.4 34.5 39.9 41.5 44.5 —

SDMT 8-pt worsening U 12.8 12.4 11.3 11.8 11.7 10.5

SDMT 8-pt worsening 6 MC 5.8 6.3 6.1 6.8 5.7 —

SDMT 8-pt improvement U 20.1 27.1 31.4 33.5 36.6 37.0

SDMT 8-pt improvement 6 MC 14.2 19.2 21.8 24.3 28.1 —

SDMT 20% worsening U 9.6 9.3 8.7 8.9 7.9 7.8

SDMT 20% worsening 6 MC 3.5 4.7 4.2 4.7 3.6 —

SDMT 20% improvement U 18.8 23.5 26.0 28.9 31.9 31.6

SDMT 20% improvement 6 MC 13.5 17.2 19.4 23.1 24.6 —

PASAT any worsening U 36.6 31.8 29.5 29.3 26.0 25.7

PASAT any worsening 6 MC 19.9 19.4 19.7 18.0 16.1 —

PASAT any improvement U 52.6 57.7 59.4 60.5 62.7 62.3

PASAT any improvement 6 MC 41.4 47.8 50.3 53.6 53.6 —

PASAT 4-pt worsening U 16.7 14.7 12.8 14.0 13.3 13.2

PASAT 4-pt worsening 6 MC 6.5 6.7 7.1 7.5 7.6 —

PASAT 4-pt improvement U 29.0 34.5 37.9 40.8 41.3 42.6

PASAT 4-pt improvement 6 MC 22.4 28.0 31.3 34.6 34.9 —

PASAT 20% worsening U 4.2 4.4 4.0 5.3 4.1 4.9

PASAT 20% worsening 6 MC 1.7 2.0 2.4 2.4 2.3 —

PASAT 20% improvement U 11.2 16.0 16.5 17.6 19.2 22.3

PASAT 20% improvement 6 MC 8.9 12.1 13.0 14.9 17.2 —

T25FW 20% worsening U 10.1 11.1 13.7 16.4 20.0 18.6

T25FW 20% worsening 6 MC 4.5 6.1 9.8 12.4 13.7 —

T25FW 20% improvement U 6.4 8.6 9.0 10.2 11.7 12.9

T25FW 20% improvement 6 MC 3.8 5.4 6.1 8.0 8.5 —

Abbreviations: PASAT = Paced Auditory Serial Addition Test; SDMT = Symbol Digit Modalities Test; T25FW = timed 25-foot walk; U = unconfirmed; 6MC = 6mo
confirmed.
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disability worsening. As expected, worsening events on the
T25FW steadily increase, whereas improvement events change
little over the 3 years of follow-up. On the T25FW, worsening

events always outnumber improvement events. In contrast to
this, both the SDMT and PASAT show a steady increase in
improvement events throughout follow-up, no matter what

Table 5 Mean Raw Scores and Change From Baseline in Cognitive Outcomes by Baseline Cognitive Performance

Week of follow-up

Baseline 24 48 72 96 120 144

Baseline SDMT below average SDMT 35.7, 9.4 39.6, 12.1 41.3, 12.9 42.8, 13.1 42.8, 12.7 43.4, 13.6 43.7, 13.2

n 899 800 735 672 626 322 174

Baseline SDMT not below average SDMT 60.3, 11.2 58.6, 12.2 59.5, 12.1 60.0, 12.0 60.4, 12.3 60.4, 11.9 60.8, 12.4

n 876 830 769 714 650 361 196

Baseline SDMT below average DSDMT — 4.0, 10.0 5.6, 10.6 7.1, 11.1 7.3, 10.9 8.9, 12.5 9.1, 11.9

n — 800 735 672 626 322 174

Baseline SDMT not below average DSDMT — −1.7, 12.5 −0.8, 12.5 −0.2, 13.1 0.4, 12.8 1.0, 11.9 1.1, 11.8

n — 830 769 714 650 361 196

Baseline SDMT below average PASAT 42.8, 12.2 44.0, 11.7 45.2, 11.4 45.8, 11.6 46.0, 11.8 46.1, 11.4 46.3, 12.4

n 870 800 740 679 628 321 176

Baseline SDMT not below average PASAT 51.5, 8.4 53.6, 7.7 53.5, 7.2 54.1, 7.0 54.2, 7.1 54.3, 7.2 53.7, 7.8

n 895 838 774 719 651 363 199

Baseline SDMT below average DPASAT — 1.1, 6.8 2.1, 7.9 2.7, 8.0 2.7, 8.3 3.0, 8.3 3.8, 8.6

n — 799 738 677 626 320 175

Baseline SDMT not below average DPASAT — 1.2, 5.7 2.1, 6.0 2.6, 6.0 2.8, 6.7 3.3, 7.0 3.0, 7.4

n — 834 770 715 649 362 198

Baseline PASAT below average SDMT 41.7, 15.7 42.3, 14.4 43.6, 14.4 44.8, 14.1 44.6, 13.8 45.8, 14.2 46.6, 14.3

n 817 783 719 649 600 325 186

Baseline PASAT not below average SDMT 53.7, 14.1 55.0, 13.2 56.5, 13.6 57.4, 13.5 57.8, 13.5 58.0, 13.7 58.6, 13.8

n 948 883 818 764 704 369 193

Baseline PASAT below average DSDMT — 0.8, 11.3 2.1, 11.6 3.1, 12.2 3.4, 11.7 4.7, 12.7 4.5, 12.3

n — 747 688 623 576 313 176

Baseline PASAT not below average DSDMT — 1.3, 11.6 2.7, 12.1 3.7, 12.7 4.3, 12.6 4.8, 12.9 5.4, 12.3

n — 874 808 755 695 367 191

Baseline PASAT below average PASAT 37.5, 9.4 40.7, 10.5 42.3, 10.4 42.8, 10.8 43.0, 11.0 43.3, 10.8 43.7, 11.4

n 864 794 723 657 600 325 191

Baseline PASAT not below average PASAT 55.6, 3.2 55.0, 5.0 55.4, 5.1 55.9, 4.8 56.0, 5.1 56.2, 4.8 56.1, 5.6

n 963 890 829 772 710 374 194

Baseline PASAT below average DPASAT — 3.1, 7.2 4.5, 8.2 5.1, 8.4 5.2, 9.1 5.6, 9.1 6.2, 9.2

n — 794 723 657 600 325 191

Baseline PASAT not below average DPASAT — −0.6, 4.7 −0.1, 4.9 0.4, 4.7 0.5, 5.1 0.8, 5.1 0.4, 5.7

n — 890 829 772 710 374 194

Abbreviations: PASAT = Paced Auditory Serial Addition Test; SDMT = Symbol Digit Modalities Test.
Values are mean with SDs.
DSDMT: mean SDMT change from baseline, DPASAT: mean PASAT change from baseline.
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definition of worsening is used, and improvement events al-
ways outnumber worsening events. This suggests that the
SDMT and PASAT scores do not accurately reflect the steady
cognitive decline that people with RRMS experience.

Practice effects can be defined as improvements in perfor-
mance on a cognitive outcome due to repeated exposure.19,20

A practice effect on the SDMT has been reported in healthy
adults,21 in people with mild cognitive impairment,18 and in
patients with stroke.22 More recently, an investigation of 264
individuals with self-declared MS using a smartphone appli-
cation also found a substantial practice effect for repeated
SDMT testing over a 5-week interval.23 These findings are
important to put some reports from clinical trials into per-
spective. The long-term extension of the BENEFIT trial of
interferon beta-1b treatment in people with clinically isolated
syndrome reports a 0.9-PASAT point difference between the
immediate and delayed treatment groups after 11 years of
follow-up and concludes that early treatment had a long-
lasting beneficial effect on cognitive outcomes.24 An analysis
in the EXPAND trial of siponimod treatment for secondary
progressive MS showed an increase in SDMT scores from
baseline of about 1.5 points at 24months and a decrease in the
placebo group of about 1.5 points and concludes that treat-
ment with siponimod beneficially affects cognitive function-
ing.25 We warn against a potential overinterpretation of such
results, as these reported differences fall well within the range
of change from baseline observed in our investigation.

To explore a possible treatment effect of daclizumab on cog-
nitive outcomes, we investigated SDMT and PASAT scores by
treatment arm. Throughout follow-up, there was little differ-
ence in cognitive performance scores between treatment arms.
For example, at 96 weeks, daclizumab-treated trial participants
reached a mean SDMT score of 52.4 (SD 15.1) points com-
pared with 51.0 (SD 15.1) points for interferon beta-1a treated
trial participants (Table 3), a mean 1.4-point difference. A
previous publication on cognitive outcomes in the DECIDE
data set using a different methodology interpreted these dif-
ferences as evidence of daclizumab efficacy when compared
with interferon beta-1a for cognitive processing speed im-
provement.26 Given the small differences in cognitive perfor-
mance observed in this study, we again caution against the
overinterpretation of such results.

The 4-point threshold for clinically meaningful change on the
SDMT that is now generally used is based on a study in 97
people with MS who underwent SDMT measurements at 2
time points 1 or more years apart.9 In that study, a 4-point raw
score decrease was associated with a loss of employment.
More recently, another investigation in 166 patients sought to
validate thresholds for reliable change and suggested an
8-point cutoff as more meaningful.10 Neither of these studies
corrected for the practice effect of the SDMT. Our in-
vestigation shows that the issue of steady improvement on the
SDMT persists regardless of the threshold used. Thus, a
4-point decline may underestimate a change attenuated by a

practice effect andmay explain why an 8-point decline arose as
an alternative cut point. Given the inherent issues of post-
baseline increases in scores, regardless of the reasons, more
research into the size of the practice effect of the SDMT and
PASAT should be performed before recommending a general
threshold for clinically meaningful longitudinal change.

Although practice effects are usually understood as a source of
error and imprecision, it has also been proposed that the
practice effect itself could be seen as a cognitive achievement
and may therefore deliver meaningful information.19,20 Our
exploration of the change in cognitive scores by baseline cog-
nitive performance shows that this interpretation may not be
relevant in RRMS. In the DECIDE data set, both participants
with below-average and with average-and-above cognitive
performance at baseline showed increasing cognitive scores
during follow-up. For both outcome scores, there was greater
improvement in those with below-average performance at
baseline compared with those with average-and-above perfor-
mance. This may be an artifact, in the sense that those with high
baseline SDMT and PASAT scores can improve only mar-
ginally on their already high baseline score, whereas those with
low baseline scores had more room to improve with practice.
Our analysis of baseline factors associated with the change in
cognitive outcome scores showed that higher age and higher
cognitive performance at baseline were associated with a de-
crease in cognitive scores during follow-up. Sex or disease
duration showed no such associations.

Our study has several limitations: although it includes a large
cohort of patients with RRMS, it is worth remembering that
the DECIDE participants were selected using strict entry
criteria. The change in cognitive function of DECIDE par-
ticipants may therefore differ from unselected patients with
RRMS. DECIDE also, in part due to its design, had sub-
stantial numbers of individuals without later follow-up visits.
The later follow-up time points contained only a fraction of
the baseline trial cohort and few of those recruited earlier
into the study, which could affect the measurements and
introduce bias.

Cognitive decline in all MS phenotypes remains a challenging
and patient-relevant issue and an important treatment goal.
Further research into longitudinal change in cognitive out-
comes in both clinical trial and real-world cohorts is needed to
better characterize the performance of such measures and to
test and develop new outcomemeasures to detect true change
in clinical trials.
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