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Background: Cognitive fatigue can be objectively measured on tasks of sustained attention and can be
defined as decreased performance as a result of sustained cognitive effort. Individuals with multiple sclero-
sis (MS) early in their disease are vulnerable to cognitive fatigue, although this has yet to be evaluated lon-
gitudinally. We aimed to evaluate cognitive fatigue over a 3-year interval in individuals with early-phase
relapsing-remitting MS (RRMS). The sensitivity of the Paced Auditory Serial Addition Test (PASAT) at
detecting cognitive fatigue was evaluated, as was the impact of scoring method.

Methods: 32 people with MS and 32 controls completed the 3- and 2-second PASAT (PASAT-3" and -2")
as a measure of sustained attention at baseline and 3-year follow-up.

Results: Performance on the PASAT remained stable across time, with improvement noted on the PASAT-
2" likely due to practice and the small sample size. Cognitive fatigue was noted at both times, although
sensitivity varied based on scoring method. No evidence of worsening cognitive fatigue was noted over time.
The MS group performed worse only when cognitive fatigue was the outcome variable.

Conclusions: Although individuals with MS continue to be vulnerable to cognitive fatigue at follow-up,
severity does not seem to increase with time. Cognitive fatigue may be a more sensitive marker of cognitive
impairment than overall task performance in those with early-phase RRMS, which has important implica-
tions given that clinically only task performance is typically assessed. Int ] MS Care. 2018;20:55-61.

sis (MS), occurring in as many as 90% of people | just as debilitating.

diagnosed.'? Compared with controls, individuals Assessment of cognitive fatigue in MS has many chal-
with MS report more frequent and more severe levels | lenges. Typically, assessment of cognitive fatigue relies
of fatigue.* Fatigue, considered to be one of the most | on self-report measures, but these can present with limi-
debilitating symptoms of the disease, can greatly affect | tations. Individuals are asked to rate their fatigue with-
quality of life.” The body of literature examining MS- | oyt adequate definition, and thus subjective measures of
related fatigue is substantial, yet the concept of fatigue is | cognitive fatigue are inherently flawed and can be sub-

still not well underst.ooq, Probably be.cause of its multi- ject to recall bias.®” An alternative is to assess cognitive
faceted nature and limitations regarding measurement.

For the most part, research has focused on the study of

F atigue is a significant problem in multiple sclero- | physical fatigue; however, cognitive fatigue is frequently

fatigue during the performance of a sustained attention
task. In this way, cognitive fatigue can be objectively
quantified as a breakdown in performance from the
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Because cognitive fatigue is likely a reflection of several
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the only way it can be operationalized. Nonetheless, we
chose to remain consistent with past work®®? by defin-
ing cognitive fatigue in the context of decreased perfor-
mance over time to expand on the current literature.

During sustained attention tasks, people with MS
demonstrate more susceptibility to the effects of cog-
nitive fatigue compared with controls.” This is often
observed as a breakdown in performance as the task goes
on. Individuals susceptible to cognitive fatigue are less
able to maintain the necessary effort required to meet
task demands continuously over time. Studies have
shown that even during periods of substantial fatigue,
healthy individuals are capable of continuously exert-
ing effort to obtain a rewarding outcome (in this case,
increased task performance).'®! As such, Dobryakova et
al.'* suggest that cognitive fatigue may be a result of an
effort-reward imbalance, although to date this has yet to
be evaluated in an MS sample. Despite its limitations,"
the Paced Auditory Serial Addition Test (PASAT) has
been shown to serve as a sensitive and valid measure of
cognitive fatigue in MS.!*1

The PASAT is generally acknowledged in the lit-
erature to be one of the most sensitive measures of
information-processing speed and working memory
deficits in MS.'*!¢ Given its demonstrated sensitivity,
the PASAT is used in studies analyzing cognitive fatigue
in MS where sustained attention needs to be maintained
over time. Cognitive fatigue is objectively assessed by
comparing early performance on the task with later per-
formance. Cognitive fatigue has been measured using
the PASAT by comparing performance on the first half
versus the second half'* or on the first third versus the
last third of the task."” Individuals with MS are expected
to perform worse as the task progresses, as they have a
particularly difficult time processing information quickly
enough. This problem increases in frequency as the task
progresses, resulting in performance declines.'”'®

The sensitivity of the PASAT in detecting cogni-
tive fatigue differs depending on the scoring method.'*
PASAT performance is typically evaluated by counting
only the number of correct responses. Individuals may,
however, use a “chunking method” whereby the first
two numbers are added, the next number is skipped, the
following two numbers are added, etc.'®" This results
in a reduction in the overall difficulty of the task by
decreasing the need to perform simultaneous cognitive
processes Although scores within normal limits may be
achieved, their performance is no longer a reflection of
the ability to cope with the challenging working memo-
ry demands, nor is it an accurate representation of their
ability to perform the task as planned.

The number of correct dyads better highlights an
individual’s ability to correctly meet task demands.'®*

In this case, a correct score is given only when one cor-
rect response is immediately followed by another. The
number of correct responses and the number of correct
dyads, therefore, both provide a measure of performance
accuracy. A percent dyad score may also be calculated,
giving an indication of the proportion of time an indi-
vidual is performing the task as instructed. Higher per-
cent dyad scores reflect a greater ability to give correct
responses in line with task demands.'® The percent dyad
scoring method thus provides an indication of perfor-
mance strategy.

Previous work by our group' examined task perfor-
mance in people with early-phase relapsing-remitting
MS (RRMS) and controls on the PASAT to determine
whether task performance is influenced by cognitive
fatigue. Furthermore, we evaluated whether the PASAT
scoring method influenced its sensitivity. When compar-
ing performance on the first half of the task versus the
second half, cognitive fatigue was apparent in the MS
sample compared with controls on only the 3-second
PASAT (PASAT-3"), and only with the percent dyad
scoring method. This is consistent with previous work
that found that the percent dyad method (ie, perfor-
mance strategy) is more sensitive to cognitive fatigue
than performance level alone.” In addition, when perfor-
mance was compared between the last third and the first
third of the PASAT, an average of two to three fewer
correct responses was noted for the MS group, suggest-
ing that cognitive fatigue may be reliably detected using
thirds on the PASAT as well. These results provided pre-
liminary evidence that cognitive fatigue can be detected
using the PASAT in individuals with MS; however,
results varied based on the method used. Further expan-
sion on this preliminary work involves determining
whether the susceptibility of the MS group to cognitive
fatigue changes over time. The primary goal of the pres-
ent study, therefore, was to evaluate cognitive fatigue
longitudinally.

The longitudinal evaluation of cognitive fatigue rep-
resents a novel area of research. Given that cognitive
dysfunction has been shown to be progressive across
longitudinal follow-up,?"** it is important to deter-
mine whether an individual’s susceptibility to cognitive
fatigue also changes over time. The PASAT was chosen
as the tool to measure cognitive fatigue in the present
study given its demonstrated sensitivity at detecting
information-processing speed deficits in MS, as well
as its continued use as a measure of sustained atten-
tion. The 3-year duration of the test-retest interval was
selected because longitudinal studies have suggested that
a minimum test-retest interval of 2 to 3 years is neces-
sary to detect cognitive changes.”>? Performance on the
PASAT was evaluated by comparing the first and last
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thirds of the task, thus allowing for the examination and
comparison of performance at the extremes of the task,
which may provide a more precise reflection of early task
performance versus later performance."

The primary objective was to examine task perfor-
mance after a 3-year interval in individuals with RRMS
and controls on the PASAT to determine whether task
performance is influenced by cognitive fatigue and
whether this influence changes over time. In addition,
we examined whether the PASAT scoring method influ-
enced its sensitivity. It was hypothesized that 1) indi-
viduals with MS would perform worse on the PASAT
at 3-year follow-up compared with their performance
at baseline. It was expected that the performance of
the control group would remain consistent over time.
Similarly, given the presumed progression of cognitive
decline over time, it was hypothesized that 2) individuals
with MS would perform worse overall than controls on
the PASAT at follow-up. In terms of cognitive fatigue, it
was hypothesized that 3) both groups would display evi-
dence of cognitive fatigue at baseline and follow-up, but
that the degree of cognitive fatigue would be greater in
the MS group. Similarly, on the basis of disease progres-
sion, it was hypothesized that 4) the degree of cognitive
fatigue in the MS group at follow-up would be greater
than the degree noted at baseline.

Methods

Participants

At baseline, 32 individuals with a confirmed diagnosis
of RRMS? were recruited from the MS Clinic of The
Ottawa Hospital (Ontario, Canada) to complete a com-
prehensive battery of neuropsychological tests. All had a
mild level of physical disability (mean [SD] Expanded
Disability Status Scale [EDSS] score = 1.83 [1.18]) and
a disease duration of less than 10 years (mean [SD] =
4.35 [3.09] years). Individuals who were experiencing an
exacerbation at the time of baseline recruitment or who
had had less than 28 days between the onset of improve-
ment of all signs and symptoms attributable to an MS
exacerbation were excluded. Thirty-two age-, education-,
and 1Q-matched controls were recruited by word of
mouth from the community, as well as newspaper and
website advertisements. All the participants were fluent
in English and were aged 18 to 65 years. All were free
of previous neurologic, medical, or psychiatric illnesses
(besides MS and depression) that may have impaired
cognition.

Procedure and Measures

The study was approved by The Ottawa Hospi-
tal research ethics board. After informed consent was
obtained, participants completed a demographic ques-
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tionnaire. At baseline, the North American Adult Read-
ing Test was administered as an estimate of premorbid
intellectual ability, with participants required to achieve
an estimated IQ score of at least 90 to be considered eli-
gible. To evaluate cognitive fatigue, the PASAT-3” and
the 2-second PASAT (PASAT-2") were administered in
the context of a larger neuropsychological battery of test-
ing. Subjective fatigue was assessed using the Modified
Fatigue Impact Scale.”

Statistical Analysis

Overview

Performance on the PASAT was compared between
interstimulus intervals (ISIs) and between the first and
last thirds of each trial for both groups. In addition,
performance at baseline was compared with performance
at 3-year follow-up. Responses were recorded, and the
following scores were tallied: total number of correct
responses, total dyad score, and percent dyad score.
Percent dyad scores were calculated using the following
formula: [1 — (total correct score — dyad score) / total
correct score] x 100.”'¢ To examine the degree of change
in cognitive fatigue over time, a change score was cal-
culated by subtracting performance on the first third of
the PASAT from that on the last third at baseline and
follow-up for all the participants. Once calculated, the
change at follow-up was subtracted from the change at
baseline to obtain an overall score reflective of cognitive
fatigue change over time.

Each analysis was performed three times for each of
the two ISIs (PASAT-3" and PASAT-2"), once for each
of the three scoring methods: total correct score, total
dyad score, and percent dyad score.

Hypotheses 1 and 2

A repeated-measures analysis of variance (ANOVA)
was performed to address whether the MS and control
groups performed differently on the PASAT at 3-year
follow-up compared with their respective performances
at baseline and compared with each other.

Hypothesis 3

To evaluate cognitive fatigue, a 2 x 2 (ISI x third)
repeated-measures ANOVA was performed to determine
whether individuals performed differently on the last
third of the PASAT compared with the first third and to
examine whether this difference varied between groups
or between ISIs. This analysis was repeated at baseline
and follow-up.

Hypothesis 4
To evaluate whether the degree of cognitive fatigue
differed between the MS and control groups and wheth-

er the degree changed over time, a 2 x 2 (group x time)
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repeated-measures ANOVA was performed using the
cognitive fatigue change scores.

Statistical Software

A statistical software package (IBM SPSS Statistics
for Windows, version 23; IBM Corp, Armonk, NY) was
used for all data analyses. A significance level of o0 < .05
was used throughout.

Results
Demographics

The MS and control groups were matched on age,
education, and IQ scores. One-way ANOVAs showed
no significant differences between the two groups on any

of these variables (Table 1).

Performance

The PASAT raw performance data are listed in Table
2. At the 3” and 2” ISIs, no significant main effect for
group was noted for either baseline or follow-up perfor-
mance. Overall task performance did not differ between
the MS and control groups at either time point. At
the 27 ISI, a significant main effect for time was noted
(total correct: F| ) = 125.84, P < .001; total dyad: F, , =
116.32, P< 001 percent dyad: 7| ., = 56.98, P <.001);
however, no group x time interaction was observed.
Both groups showed improved performance at follow-
up. These results were consistent across all three scoring
methods.

Cognitive Fatigue

The PASAT raw performance data during the first
and last third of the task are listed in Table 3. Consis-
tent with the literature, subjective measures of fatigue
(Modified Fatigue Impact Scale) and objective cognitive
fatigue (PASAT) were not correlated.!%2

Baseline
At baseline, a main effect for third of the task was
noted across all three scoring methods (total correct:
F, = 151.82, P < .001; total dyad: F, ., = 132.24, P <
.001; percent dyad: F, , = 97.73, P < .001), indicating
that individuals’ performance differed between the first
and last third of the task. Overall, poorer performance
on the last third of the task compared with the first third
was noted (ie, cognitive fatigue), although this was true

Table 1. Demographic characteristics of the 64
study participants

MS group  Control group

Characteristic (n=32) (n=32) P value
Age, mean (SD), y 40.09 (9.21) 42.22 (11.63) .421
Education, mean (SD),y 14.86(1.92) 15.42(2.00) .256
IQ, mean (SD) 110.18 (6.83) 113.05(7.19) .106

Abbreviation: MS, multiple sclerosis.

Table 2. PASAT performance data
Scoring Method

Total correct  Correct dyad  Percent dyad
PASAT-3"
Baseline
MS 48.94 (10.00) 42.63(14.07)  84.82(14.48)
Control ~ 53.03(8.07)  47.88(13.40)  89.09 (12.85)
Follow-up
MS 50.63(7.86)  44.38(12.82)  85.48 (15.36)
Control ~ 54.03(7.44)  50.19(10.83)  91.68 (9.31)
PASAT-2"
Baseline
MS 26.13(13.32) 16.94 (13.30)  54.00 (23.07)
Control ~ 29.63 (14.65) 20.97 (15.26)  60.60 (23.15)
Follow-up
MS 38.61(8.94)  27.68(12.12)  68.49(17.30)
Control ~ 43.68 (8.91)  33.97(13.31)  74.59 (16.55)

Note: Data are given as mean (SD). MS and control refer to MS and
control groups, respectively.

Abbreviations: 2“, 2-second version; 3“, 3-second version; MS, mul-
tiple sclerosis; PASAT, Paced Auditory Serial Addition Test.

for both groups. When using the percent dyad scor-
ing method, however, a third x group interaction was
observed (F, ;= 4.48, P = .039), suggesting that the
proportion of time in which the MS group met task
demands was lower on the last third of the task versus
the first third for the 3” and 2” ISIs compared with
controls. In addition, an ISI x third interaction was
observed across all three scoring methods (total correct:

= 17.40, P < .001; total dyad: F, . = 51.01, P =
015 percent dyad: F, = 28.37, P < 001) Examina-
tion of the means showed poorer performance on the
last third of the task at the 2” ISI compared with the
37 ISI for both groups, suggesting that higher-difficulty
tasks are more sensitive to cognitive fatigue (although
not specifically to individuals with MS).

Follow-up
Similar to baseline, at follow-up a main effect for
third of the task was noted across all three scoring meth-
ods (total correct: F, . = 46.51, P < .001; total dyad:
F  =50.43, P < 001 percent dyad: F, = 43.19, P
< .001). Unlike at baseline, however, a third x group
interaction was observed only when using the total cor-
rect (F,., = 5.35, P = .024) and total dyad (7, 60 = =4.19,
P = .045) scoring methods. This finding suggests that at
follow-up, measures of performance accuracy rather than
a measure of performance strategy yielded greater cogni-
tive fatigue in the MS group compared with controls.
Similar to baseline, an ISI x third interaction was also
observed at follow-up across all three scoring methods

(total correct: F, (| = 6.56, P = .013; total dyad: F,

1,60
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Table 3. PASAT performance data on first and
last thirds of task

Longitudinal Cognitive Fatigue in MS

Table 4. Degree of change in cognitive fatigue
from first to last third of task

Scoring Method

Total correct  Correct dyad  Percent dyad
PASAT-3"
Baseline
MS
First third  17.50 (3.31)  16.07 (4.76)  88.61 (18.58)
Last third ~ 15.00 (4.11)  12.18(5.94)  75.14 (24.53)
Control
First third 17.91(2.86) 16.59 (4.09) 91.13(11.27)
Last third  16.28 (4.08)  14.15(5.79)  82.83(19.07)
Follow-up
MS
First third  17.71(2.30)  16.00 (4.09)  88.57 (15.99)
Last third  16.10 (3.11)  13.65(4.83)  82.05(16.36)
Control
First third  18.35(2.18)  17.25(3.32)  93.16(8.29)
Last third  17.45(3.55)  15.94(5.01)  88.91(15.29)
PASAT-2"
Baseline
MS
First third ~ 11.39 (4.80) 8.75(5.51)  67.07 (27.40)
Last third ~ 6.89 (4.70) 3.29 (4.39)  31.77(29.81)
Control
First third ~ 12.19 (5.31) 9.78 (6.19)  71.33(24.52)
Last third ~ 8.53 (4.61) 5.22(4.48)  48.04 (30.27)
Follow-up
MS
First third  14.84 (3.02) 11.97 (4.47) 77.28(16.89)
Last third ~ 11.55 (4.18) 7.55(5.11)  59.39 (23.16)
Control
First third  15.55(2.93)  13.06 (4.42)  81.70 (14.64)
Last third  14.03(3.89)  10.65(5.39)  70.70 (21.95)

Note: Data are given as mean (SD). MS and control refer to MS and
control groups, respectively.

Abbreviations: 2“, 2-second version; 3”, 3-second version; MS,
multiple sclerosis; PASAT, Paced Auditory Serial Addition Test.
38.73, P = .017; percent dyad: F, . = 16.55, P < .001).
Poorer performance continued to be noted on the last

third of the task at the 2” ISI compared with the 37 ISI
for both groups.

Degree of Change in Cognitive Fatigue

At the 3” ISI, neither a main effect of time nor a time
x group interaction was noted for any scoring method,
suggesting that the degree of cognitive fatigue did not
differ between the MS and control groups, and neither
did the degree of cognitive fatigue change over time
(Table 4).

At the 27 IS], a main effect of group was noted on the
total correct and percent dyad scoring methods (total
correct: F1,58 =5.35, P = .024; percent dyad: F1,58 =7.04,
P =.010), indicating that overall, the MS group showed
a greater degree of cognitive fatigue than the control
group at both time points. These results are expected

Scoring Method

Total correct  Correct dyad  Percent dyad
PASAT-3"
Baseline
MS -2.52(2.86) -3.93(4.23) -13.42(14.51)
Control -1.58(232) -232(3.67) -7.65(14.88)
Follow-up
MS -1.83 (2.51)  -2.48(3.94) -7.60 (16.80)
Control -0.90 (2.30)  -1.32(3.51) -4.24 (12.35)
PASAT-2"
Baseline
MS -4.38 (2.56)  -5.59(3.62) -37.71(24.79)
Control -3.68 (3.00)  -4.68 (4.06) -24.27 (24.15)
Follow-up
MS -3.24 (2.86)  -4.41(3.28)  -18.11(13.35)
Control -1.52(3.26)  -2.42(4.60)  -10.99 (18.45)

Note: Data are given as mean (SD). MS and control refer to MS and
control groups, respectively.

Abbreviations: 2“, 2-second version; 3“, 3-second version; MS, mul-
tiple sclerosis; PASAT, Paced Auditory Serial Addition Test.

given the third x group interaction seen (see earlier
“Cognitive Fatigue” section). In addition, a main effect
of time was also noted on all three scoring methods
(total correct: F, . = 9.03, P = .004; total dyad: F, . =
6.82, P = .011; percent dyad: FI,SS =19.73, P < .001).
Examination of the means indicated that both groups
showed less cognitive fatigue at follow-up compared

with baseline.

Discussion

Differences in performance between the MS and
control groups on the PASAT were not found at either
baseline or follow-up. Although unexpected, the lack of
significant group differences regarding overall PASAT
performance has been observed by other groups in the
past (see Johnson et al.’). Although there was a trend
for the MS group in this sample to perform worse than
controls at all times (Table 2), the lack of statistical sig-
nificance may have been due to the small sample size
and the characteristics of the MS sample. The MS group
was composed of only those with RRMS who were early
in their disease course (mean [SD] = 4.35 [3.09] years)
and with minimal disability (mean [SD] EDSS score
= 1.83 [1.18]). Although cognitive dysfunction can
occur in those with early-phase RRMS,?® typically less
impairment is noted than in those with more progressive
subtypes.”?

Performance across the 3-year interval remained
stable at the 3” ISI. Although improved performance was
noted at the 2” ISI at follow-up, this was true for both
the MS and control groups. As such, this improvement
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may be attributable to practice. Past literature has dem-
onstrated that repeated exposure to the PASAT results in
improved performance. Although typically this improve-

3132 prac-
33,34

ment is observed over short test-retest intervals,
tice effects have been noted over the span of years.
It has been suggested that these practice effects are the
result of experience gained during the initial adminis-
tration as individuals learn what is expected during the
task and develop an effective strategy to perform the
task successfully. It is likely that the general procedural
knowledge about the test and the development of effec-
tive strategies are retained over time, thus resulting in
improved performance with subsequent exposure.” In
addition, the PASAT is often perceived as unpleasant®
and has been shown to elicit high levels of anxiety and
frustration, particularly when the test is novel.** How-
ever, the novelty of the task diminishes with repeated
exposure and, thus, the anxiety effects associated with
the test are likely reduced. As such, individuals may have
performed better at follow-up simply because they felt
less anxious throughout the task.

Evidence of objective cognitive fatigue was noted in
both the MS and control groups at baseline (Table 3).
Both groups demonstrated poorer performance later
in the task compared with performance at the begin-
ning. There was a trend for the more difficult task (2”
ISI) to be more sensitive to cognitive fatigue (Table 3).
Although both groups demonstrated cognitive fatigue,
the scoring method most sensitive to group differences
at baseline was the percent dyad score (ie, performance
strategy). As such, the proportion of time in which the
MS group was successfully able to meet task demands at
baseline diminished as the task progressed, perhaps due
to a greater vulnerability to cognitive fatigue compared
with controls.

Similar to baseline, cognitive fatigue was noted in the
MS and control groups at follow-up. Unlike at baseline,
the total correct and total dyad scoring methods were
most sensitive at follow-up. This finding suggests that at
follow-up, measures of performance accuracy are more
sensitive to cognitive fatigue in the MS group than are
measures of performance strategy. Taken together, these
results support the notion that at baseline individuals are
still in the process of refining their performance strategy,
while the task is still novel. At follow-up, however, their
strategy is presumed to be well developed given their
previous exposure to the task and, as such, measures of
performance accuracy are better able to detect cognitive
fatigue.

The same degree of cognitive fatigue from the begin-
ning to the end of the task was noted for both groups
at baseline and follow-up with the 3” ISI. At the 2”
ISI, however, the MS group showed a greater degree

of cognitive fatigue than did controls at both time
points, although these results were inconsistent across
all scoring methods. In addition, results showed that
both groups had less cognitive fatigue at follow-up.
Although cognitive fatigue was noted in both groups at
both times, there was a greater trend for both groups to
produce more correct responses at the end of the task
at follow-up. As such, although both groups displayed
diminishing performance from the start of the task to
the end, the magnitude of this decline (ie, the degree of
cognitive fatigue) was smaller at follow-up. Given that
the task is more familiar at follow-up, future research
should examine whether novel tasks are more sensitive
to cognitive fatigue than are more rote or practiced tasks.
Whether subjective ratings of cognitive fatigue differed
between the MS and control groups is an important
factor to consider, as Sandry et al.”*® showed that these
subjective reports tended to be higher in the MS group
compared with controls and were greater with increased
task lengths. Although this was not explicitly examined
in this study, future research should take these subjective
reports into consideration.

Overall, little evidence of progression of cogni-
tive impairment over time was noted in this sample of
patients with early-phase RRMS. Performance on the
PASAT remained stable across the 3-year interval, with
improvement noted at the 2” ISI likely due to practice.
Cognitive fatigue was noted at both time points in
the present MS sample, although the sensitivity of the
PASAT in detecting cognitive fatigue at each time point
varied based on the scoring method used. At baseline, a
measure of performance strategy was more sensitive to
cognitive fatigue (ie, percent dyad), whereas at follow-up
measures of performance accuracy were more sensitive
(ie, total correct and total dyad). As such, researchers
should consider the importance of scoring method when
designing and conducting studies investigating cognitive
fatigue because sensitivity seems to vary. No evidence of
worsening cognitive fatigue was noted across the 3-year
interval, with an improvement in vulnerability to cogni-
tive fatigue noted in both the MS and control groups at
the 2”7 ISL.

Interestingly, group differences were noted only when
one considers cognitive fatigue as the outcome measure.
This finding suggests that cognitive fatigue, rather than
measures of performance, may be a more sensitive mark-
er of cognitive impairment in those with early-phase
RRMS. People may be able to compensate for a time
regarding overall performance levels, but subtle deficits
are revealed only with a finer-grained analysis of the
qualitative aspects of their performance. These results
support the subjective claims by those with the disease
who state that they can perform their jobs or day-to-day
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tasks quite well (ie, have high performance), although
they feel that they have to work harder to achieve an
adequate level of performance and, thus, are more men-
tally exhausted toward the end of the day (ie, experience
cognitive fatigue). This has important implications given
that clinically only task performance is typically assessed.
As such, clinicians should be aware that a finer-grained
analysis of the qualitative aspects of that performance,
as in the case of cognitive fatigue, may be more prudent
given the real-world implications; this is particularly
important for individuals with MS who are early in their
disease course. O
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