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Determining the Presence of Reliable 
Change over Time in Multiple Sclerosis

Evidence from the PASAT, Adjusting-PSAT,  
and Stroop Test

Suzanne L. Barker-Collo, PhD; Suzanne C. Purdy, PhD

People with multiple sclerosis (MS) often undergo repeated assessments. Methods for determining 
whether an individual’s change in test results over time is reliable require further study. A sample 
of individuals with MS (N = 52) was assessed at baseline and at 6-month follow-up using the Paced 
Auditory Serial Addition Test (PASAT), Simple Adjusting–Paced Serial Addition Test (A-PSAT), 
and Victoria Stroop test. Two methods for determining the reliability of an individual’s change over 
time were examined. The Reliable Change Index (RCI) identified few individuals who declined reli-
ably between baseline and 6-month follow-up. The standard deviation (SD) method of calculation 
resulted in reliable declines for a small number of individuals on most measures. Use of the SD meth-
od resulted in a larger number of individuals who improved reliably. Responsiveness of individuals 
to treatment effects can be lost in group analyses. The data presented here provide clinicians with an 
approach for determining whether an individual’s change over time on commonly used neuropsycho-
logical tests reflects reliable improvement or decline. Int J MS Care. 2013;15:170–178.

T he presence of cognitive dysfunction in multi-
ple sclerosis (MS) has been well established.1 At 
every stage of the disease, even prior to diagno-

sis, between 40% and 65% of individuals experience cog-
nitive impairment.2,3 The most commonly reported areas 
of cognitive dysfunction in MS are attention, concentra-
tion, memory, information processing speed, and some 
aspects of executive functioning.2-4 While patients’ neu-
ropsychological strengths and weaknesses vary depending 
on the brain region or regions affected—resulting in a 
heterogeneous MS “profile” across patients—information 
processing speed is a key area of deficit.5-10

Repeated cognitive assessment—particularly of 
information processing speed—is a common method 
of tracking disease progression, whether or not treat-
ments such as beta-interferons are being used.11 In fact, 
a measure of information processing speed, the abbrevi-
ated form of the Paced Auditory Serial Addition Test 

(PASAT), is the only cognitive measure included in the 
Multiple Sclerosis Functional Composite (MSFC) index 
developed by the US National Multiple Sclerosis Society 
Task Force on Clinical Outcomes.12,13 The importance 
of accurately tracking change in cognitive functioning 
in MS is indicated by findings suggesting that cogni-
tive functioning makes a significant and independent 
contribution to activities of daily living, quality of life, 
and work and social functioning.2,14 Yet the literature 
emphasizes that clinicians should examine change in 
performance over time not only in terms of statistical 
significance, but also in terms of clinical significance. In 
recent years, several techniques have been developed for 
the purpose of determining clinically significant levels of 
change; the two most commonly used are the standard 
deviation (SD) method and the Reliable Change Index 
(RCI).15,16

One of the issues arising when administering tests of 
cognitive functioning repeatedly over time is the pres-
ence of test-retest variability and practice effects. This 
makes it difficult to interpret longitudinal neuropsycho-
logical test data, as changes in scores cannot be assumed 
to reflect true change in cognitive status. The SD, RCI, 
and other methods have been proposed to account for 
variability and practice effects. Although these methods 
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RRMS group reported experiencing a relapse during this 
study. Participants reported that they had received their 
MS diagnoses an average of 13 years prior to the initial 
assessment (range, 6 months to 36 years) and had experi-
enced symptoms that they currently associated with MS 
for an average of 7.8 years before receiving the diagnosis.

Measures

Expanded Disability Status Scale
The Expanded Disability Status Scale (EDSS)22 

evaluates disability numerically. A patient is assessed on 
the EDSS by a neurologist according to observed signs 
and symptoms. In the present study, all EDSS scores 
were obtained from patient medical records made by the 
attending neurologist. An ordinal clinical rating scale, 
the EDSS ranges from 0 (normal neurologic examina-
tion) to 10 (death due to MS) in half-point increments. 
The patient is evaluated on eight Functional Systems: 
pyramidal, cerebellar, brainstem, sensory, bowel and 
bladder, visual, cerebral, and other. Each Functional Sys-
tem scale ranges from 0 to 5 or 6. Interrater reproduc-
ibility is adequate for group comparison studies (Spear-
man r = 0.78), while intrarater reproducibility is more 
variable (Spearman r = 0.62–0.94).23 Convergent and 
discriminant validity for the EDSS is supported. Both 
test-retest reliability and interrater agreement have varied 
considerably across studies, with some finding high val-
ues and others unacceptably low figures.24

Paced Auditory Serial Addition Test
The PASAT25 is an audiotaped measure that presents 

a list of single-digit numbers to the subject. The subject 
must add each number to the preceding number and 
state the result. Over four trials, the speed of presenta-
tion increases from an interstimulus interval (ISI) of 2.4 
seconds to 2.0 seconds to 1.6 seconds to 1.2 seconds; a 
total of 61 numbers are presented in each trial. For this 
study, only the 2.4- and 2.0-second intervals were used. 
Total scores on each trial were the total number of cor-
rect responses produced, with standard scores calculated 
based on age-adjusted normative data.

Simple Adjusting–Paced Serial Addition Test
The Simple Adjusting–Paced Serial Addition Test 

(A-PSAT)26 is a computerized assessment in which a 
series of digits from 1 to 9 is presented on the screen 
with a visual mask following each digit to prevent 
afterimages. Stimuli appear for 350 ms. For each trial, 
participants are required to add the two preceding num-

have been examined extensively in other disease popu-
lations,17-19 only a few studies have addressed them in 
people with MS.1,20,21

The objective of this study was to examine change 
in performance of people with MS on commonly 
administered tests of information processing speed 
using two published methods available to clinicians for 
determining clinically significant change (the SD and 
RCI methods) with a 6-month test-retest interval. The 
tests included were those commonly used in longitudi-
nal evaluations of change in this population. Data were 
derived for the sample as a whole, as well as for relaps-
ing-remitting (RRMS) and primary progressive (PPMS) 
subgroups.

Methods

Participants
Participants were 52 community-dwelling individu-

als with a primary diagnosis of MS. They included 16 
men (30.8%) and 36 women (69.2%) who ranged in 
age from 27 to 78 years, with a mean age of 53.2 years. 
Amount of education completed ranged from 9 to 21 
years, with a mean of 13.1 years. The majority of par-
ticipants were of European ancestry (n = 50, 96.2%). 
The remaining two participants (3.8%) self-identified 
as being of Maori ancestry. Each of these two partici-
pants had one biological parent of Maori ancestry and 
one parent of European ancestry. Potential participants 
were excluded from the study if they had 1) another 
medical condition that could affect performance or 
change in performance over time (eg, major depression, 
diabetes, psychosis, dementia), or 2) physical or sensory 
impairments that would affect their ability to complete 
the tasks (eg, color blindness, aphasia, inability to press 
computer keys). With regard to use of substances that 
had the potential to affect the findings, 7 (13.5%) 
participants were taking fish oil supplements and 6 
(11.5%) were taking painkillers. In both cases, these 
were taken on a regular basis and consistently through-
out the study. In addition, 2 individuals (3.8%) had 
undergone interferon treatment within the past 5 years, 
although neither received such treatment at any time 
during the study.

With regard to MS type as indicated in clinical 
records, 29 participants (55.8%) had RRMS, reporting 
an average of 7.2 relapses. The remaining 23 participants 
(44.2%) had PPMS. None of the participants in the 
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tributed, of which 61 (15.25%) were returned. Of those 
consent forms returned, three were not completed and 
six were from individuals who provided consent but 
could not be contacted despite repeated attempts, result-
ing in a total sample of 52 participants. Although the 
information was geared toward individuals with MS, the 
distribution list included not only those with a diagnosis 
of MS, but also their spouses, clinicians working with 
MS patients, and people who had made donations to the 
Society. The Society estimated that about 45% of the 
distribution list (ie, 180 recipients) would be people who 
had received a diagnosis of MS. If this figure is accurate, 
then the return rate becomes 33.9%.

Using telephone numbers requested on the consent 
form, the researcher contacted participants to schedule 
individual assessment sessions. Although an accessible 
assessment room on university premises was available, at 
the participants’ request all assessments were conducted 
in participants’ homes because of identified difficul-
ties with mobility and access to transportation. During 
each assessment, attempts were made to reduce distrac-
tions—for example, by having only the researcher and 
the participant present, and situating the assessments at 
either a kitchen or a dining room table such that the par-
ticipant faced a wall. Each session began with a review 
of the participant information sheet, including the con-
fidential and voluntary nature of participation, and the 
ability to withdraw from the study at any time. Prior 
to cognitive testing, each participant was interviewed to 
obtain demographic information, information on MS 
status (eg, when it was diagnosed), and current level 
of functioning as assessed using the EDSS. Cognitive 
assessments were then completed including the PASAT, 
the A-PSAT, and the Victoria Stroop test.

Administration of all tests was in accordance with 
standardized procedures. Time to complete assessments 
ranged from 40 to 67 minutes. Follow-up assessments 
were conducted approximately 6 months after baseline 
assessments (mean, 6.03; SD = 0.12). Following com-
pletion of all sessions, assessments were scored according 
to standardized procedures.

Statistical Analyses
All data were then entered into an SPSS file (version 

17.0; SPSS, Chicago, IL) for analysis. To describe the 
overall performance of the sample at each measurement 
time, means and standard deviations of performance 
(raw scores) were determined for each test administered 
at baseline and 6-month follow-up, as were the means 

bers and state the sum aloud, and the examiner enters 
the responses using a keyboard. The task begins with 
20 practice trials, followed by 200 scored trials. The 
A-PSAT program decreases the interval between digits 
(ISI) by 20 ms whenever a correct response occurs. Each 
incorrect response results in an ISI increase of 20 ms. 
This is thought to reduce potential frustration and stress, 
as the examinee does not have to endure a large number 
of trials at an interval that is clearly beyond his or her 
ability. Frustration is also reduced by having all sums 
range from 2 to 10, rather than the 3 to 16 of the origi-
nal PASAT. The main performance variables recorded 
for analyses are the number of correct responses made 
and the smallest ISI obtained. Information on the ISI 
during the last trial, number of incorrect responses, and 
number of missed responses are also readily available.

Victoria Stroop Test
Scores on the Stroop test27 reflect the ability to sup-

press an automatic reading response and to shift percep-
tual sets to conform to changing demands while under a 
time constraint. The Victoria version takes 5 minutes to 
administer. Participants are shown three cards with 24 
dots, words, or color names (six rows of four items) per 
card. On each card, the stimuli are colored in red, green, 
blue, and yellow ink in pseudo-random order, and the 
participant must name the color of each dot, word, or 
color name, moving from left to right, as quickly as pos-
sible. On card C, the color names are printed in a color 
that is never the same as the word (eg, the word “yellow” 
printed in blue ink). For each card, the time taken to say 
the correct color of all items on the card (in seconds) is 
recorded. Thus, scores provide an indication of process-
ing speed with varying cognitive loads. A discrepancy 
score is obtained by comparing time taken to finish part 
C with the baseline dots condition. Test-retest reliability 
coefficients of 0.90, 0.83, and 0.91 have been reported 
for the three parts of the Victoria Stroop test, and trial-
retrial reliability for this test is above 0.75.28

Procedure
Ethical approval for this study was obtained from 

the national Health and Disability Ethics Committee. 
A participant information sheet, a consent form, and a 
postage-paid envelope addressed to the researcher were 
mailed to all individuals included in the distribution list 
of the Auckland branch of the New Zealand Multiple 
Sclerosis Society. A total of 400 such packages were dis-
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to 4.8, indicating a decline in neurologic functioning. 
The RRMS and PPMS groups had mean follow-up 
scores of 3.86 (SD = 2.50) and 6.28 (SD = 2.19), respec-
tively. Repeated-measures contrasts indicate that the 
overall level of within-subject change from baseline to 
6 months was statistically significant (F1,45 = 26.802, P 
< .001), and that the extent of change also differed sig-
nificantly between the groups (F1,45 = 4.295, P = .044). 
This between-groups difference supports the analysis of 
reliable change separately by group.

Table 1 shows means and standard deviations for 
scores on each neuropsychological test administered at 
baseline and 6-month follow-up, including the results 
of within-subject repeated-measures analyses of variance 
(ANOVAs) used to determine the statistical significance 
of change over time. As the focus here is on within-
subject change, only data for those participants who 
completed both baseline and follow-up assessments are 
considered in the analyses; the N for each assessment 
is shown in the table. Complete data for each measure-
ment point by MS type are presented in Table 2. Only 
participants tested on both occasions were included in 
the ANOVA; this is reflected in the degrees of freedom 
for each ANOVA result in Table 2. Although par-
ticipants tended to have worse performances at 6-month 
follow-up, the only changes that were statistically signifi-
cant based on ANOVA were an increase in the number 
of correct responses provided for the 2.0-second PASAT 
trial for participants overall (N = 15; Table 1) and for 
the RRMS group analyzed separately (N = 19; Table 
2). Thus, although no change was seen for the 2.4-sec-
ond PASAT trial, scores improved significantly for the 

and standard deviations of difference between base-
line and follow-up scores for each measure. A series of 
repeated-measures within-subject comparisons with 
Bonferroni correction for multiple comparisons was 
then conducted to determine whether change from base-
line to 6-month follow-up was significant.

 Individual-level change scores were examined in two 
ways. First, the SD method was used, calculated as (X2−
X1)/SD, where X1 and  X2 are the individual’s observed 
baseline and 6-month follow-up scores. Corrections for 
measurement error and practice effects were then cal-
culated for each participant using the RCI, calculated 
as ([X2−X1]−[M2−M1])/SD, where X1 and  X2 are the 
individual’s observed baseline and 6-month follow-up 
scores, M1 and M2 are the group mean baseline and 
follow-up scores, and SD is the standard deviation of the 
group baseline–follow-up difference score.17 For each 
of the two methods, reliable change was defined both 
1) as a 1 SD change in performance, and 2) with α set 
at 0.10 (two-tailed; 90% confidence of improvement), 
which requires a more conservative 1.645 SD change in 
performance.

Results

Overall Functioning
Baseline EDSS status of the sample ranged from 0 

(normal) to 8 (essentially restricted to bed or a wheel-
chair), with a mean score of 3.5. Those with RRMS 
had a mean initial EDSS score of 2.50 (SD = 2.53), 
while those with PPMS had a mean score of 5.23 (SD 
= 2.52), indicating a greater level of initial disability. 
Mean EDSS score at 6-month follow-up had increased 

Table 1. Raw scores for baseline, 6-month follow-up, and change over time with significance of 
change over time

Measure

Baseline 6-month follow-up Difference
Within-subject 

significance of change

Mean SD Mean SD N Mean SD F P

PASAT, No. correct
     2.4″
     2.0″

35.06
28.13

11.27
10.34

31.75
35.05

14.01
12.80

26
15

−1.69
6.67

10.36
6.49

0.693
15.837

.413

.001

A-PSAT, smallest ISI,
ms

1714.78 484.82 1955.0 187.96 42 291.91 1818.06 1.083 .304

Stroop test, s
     Dots
     Words
     Colors

14.99
19.73
32.4

5.13
7.96

20.18

15.94
18.29
35.33

8.82
10.01
33.13

47
47
47

1.09
−1.02

2.30

5.80
6.81

23.93

1.651
1.047
0.435

.205

.312

.513

Abbreviations: A-PSAT, Simple Adjusting–Paced Serial Addition Test; ISI, interstimulus interval; PASAT, Paced Auditory Serial Addition Test; 
SD, standard deviation.
Note: For each task, N is the number of participants who completed both baseline and follow-up assessments.
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significance of change over time for those participants 
who were assessed twice on a task. As the table shows, 
those with RRMS had better performances at both base-
line and 6-month follow-up than those with PPMS. Per-
formance of those with RRMS improved significantly 
from baseline to follow-up for the 2.0-second PASAT 
trial. Performance on Stroop trials also improved at 
follow-up, with the difference approaching statistical 
significance for the words trials. There was no noticeable 
change in the A-PSAT. For those with PPMS, perfor-
mances were worse at follow-up than at baseline on the 
A-PSAT and on two of the three Stroop trials; however, 
none of the changes over time were significant.

Table 4 presents the means and ranges of change 
scores obtained using the SD and RCI methods of 
calculation as well as an indication of the number and 
proportion of individuals identified as having reliable 
improvement or decline for each method and at both 
±1 SD and ±1.645 SD levels of change. The data indi-
cate that when using the RCI method, few individuals 
with either RRMS or PPMS declined reliably over the 
6-month follow-up period, while use of the SD method 

more difficult 2.0-second PASAT task. This result could 
reflect differences in the group of participants who were 
able to complete the task on each occasion.

Table 3 presents the means and ranges of change 
scores obtained using the SD and RCI methods of 
calculation as well as an indication of the number and 
proportion of individuals identified as having reliable 
improvement or decline for each method. The two 
methods of calculation produced similar levels of reliable 
improvement for the 2.4-second PASAT and Stroop 
words trial, while a greater proportion of participants 
improved reliably when using the SD method for the 
A-PSAT, Stroop dots, and Stroop colors trials. In all 
cases, with the exception of the PASAT trials, use of the 
RCI method identified fewer cases of individual decline 
than the SD method.

Functioning by MS Type
Table 2 shows means and standard deviations on each 

test administered at baseline and 6-month follow-up by 
MS type, including the results of within-subject repeat-
ed-measures ANOVAs used to determine the statistical 

Table 2. Raw scores for baseline, 6-month follow-up, and change over time with significance of 
change by MS type

Baseline 6-month follow-up Difference
Within-subject 

significance of change

Measure Mean SD N Mean SD N Mean SD F P

Relapsing-remitting MS

PASAT, No. correct
     2.4″
     2.0″

36.05
28.89

11.73
11.74

19
19

34.56
37.93

13.44
10.61

14
24

−1.71
6.60

12.17
5.08

0.334
16.869

.571

.003

A-PSAT, smallest ISI, ms 1582.07 464.83 12 1586.20 790.62 29 4.14 551.71 0.002 .968

Stroop test, s
     Dots
     Words
     Colors

14.25
18.19
29.65

5.56
6.81

13.92

28
28
28

14.31
17.14
28.62

4.38
5.85

12.35

29
29
29

0.03
−1.40
−1.29

4.00
3.90
7.94

0.003
3.616
0.741

.960

.068

.397

Primary progressive MS

PASAT, No. correct
     2.4″
     2.0″

33.71
27.00

10.89
8.20

14
13

27.07
29.29

14.12
16.63

15
7

−1.67
6.80

6.28
9.45

0.633
2.592

.449

.183

A-PSAT, smallest ISI,
ms

1941.18 443.37 6 2668.00 2955.08 15 933.85 3152.22 1.141 .306

Stroop test, s
     Dots
     Words
     Colors

15.95
21.69
35.91

5.74
9.01

26.04

22
22
22

18.42
20.05
45.58

12.75
14.24
49.46

19
19
19

2.63
−0.45

7.60

7.60
9.75

36.33

2.281
0.040
0.832

.148

.843

.374

Abbreviations: A-PSAT, Simple Adjusting–Paced Serial Addition Test; ISI, interstimulus interval; MS, multiple sclerosis; PASAT, Paced Auditory 
Serial Addition Test; SD, standard deviation.
Note: The difference in N between baseline and 6-month follow-up reflects variations in participants’ ability to complete the task at the two 
time points.
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distribution of change scores and includes the measure’s 
test-retest reliability.31 One study32 compared six change 
score methods for examining data from the Canadian 
Study of Health and Aging, including the SD and RCI 
methods. They concluded that the RCI is useful in the 
diagnostic discrimination of developing dementia versus 
remaining cognitively healthy among older adults.

In our study, the only statistically significant change 
in group means was an increase in the number of cor-
rect responses produced for the 2.0-second PASAT 
trial. The PASAT has been recommended for use in MS 
clinical trials.33 Differences at a group mean level do not 
address the clinical question of identifying the extent 
to which people can be expected to reliably improve 
or decline. Changes were seen at an individual level at 
the 6-month follow-up. Participants tended to have 
worse performances at the 6-month follow-up, which 
is consistent with the decline in neurologic abilities 
indicated by increased EDSS scores. With the exception 
of the PASAT trials, use of the RCI method identified 
fewer cases of reliable decline than the SD method. The 
2.0-second PASAT would be considered among the 
most cognitively challenging tests used. The responsive-
ness of the PASAT to cognitive decline in the current 
sample fits with and supports the inclusion of an abbre-
viated version of the PASAT in the MSFC developed 
by the National Multiple Sclerosis Society Task Force 
on Clinical Outcomes.12,13 As previously reported,34 the 
MSFC is more sensitive than the EDSS in demonstrat-
ing change. Individuals with MS have consistently been 

resulted in reliable declines for a small number of indi-
viduals on most measures. In terms of reliable improve-
ments in performance, those with RRMS were less likely 
to improve reliably than those with PPMS when the 
RCI method of calculation was used. The proportion of 
those improving reliably was greater for both MS type 
subgroups when the SD method was used.

Discussion
The main goal of MS treatment is improvement in 

the patient’s symptoms or at least achieving stability of 
the disease’s impact.29 Yet the measurement of reliable 
change at the individual level in people with MS remains 
a significant challenge. This study was conducted to 
examine stability or change in performance of people 
with MS on commonly administered tests using the SD 
and RCI methods with a 6-month test-retest interval. 
Most reassessments of MS patients receiving interferon 
beta (IFNβ) treatment occur at 3- to 6-month inter-
vals.30

This study found differences in the results of using 
the two different methods for determining individual 
change in MS patients. The simple SD method assumes 
a change in performance if the difference score exceeds 
the group mean of the difference scores by more than 
1 SD. The RCI method is intended to take better 
account of practice effects and other sources of variance 
when determining change in performance over time, 
and typically uses a more conservative 90% confidence 
level (±1.645 SD). The RCI method focuses on the 

Table 3. Change from baseline to 6 months with proportions improved and declined calculated 
using SD and RCI methods

Measure

SD methoda RCI methodb

±1 SD ±1.645 SD ±1 SD ±1.645 SD

Mean Min, Max
N, %

 improve
N, %

decline
N, %

improve
N, %

decline Mean Min, Max
N, %

improve
N, %

decline
N, %

 improve
N, %

decline

PASAT
    2.4″
    2.0″

−0.150
0.645

−2.40, 1.51
−0.68, 1.55

5, 26.7%
2, 7.7%

3, 11.5%
0

0
0

2, 7.7%
0

0.156
−0.039

−2.29, 1.96
−2.15, 1.40

4, 15.3%
2, 13.3%

3, 11.5%
1, 6.7%

2, 7.7%
0

2, 7.7%
1, 6.7%

A-PSATc 0.602 −1.11, 23.51 3, 7.2% 1, 2.4% 3, 7.2% 0 0.030 −0.43, 6.14 2, 4.2% 0 1, 2.4% 0

Stroop test
   Dots
   Words
   Colors

0.212
−0.128

0.114

−2.13, 4.88
−1.59, 4.66
−2.43, 6.94

5, 10.6%
1, 2.1%
2, 4.2%

2, 4.2%
3, 6.3%
3, 6.3%

4, 8.4%
1, 2.1%
2, 4.2%

2, 4.2%
0

1, 2.1%

0.025
0.062

−0.026

−2.04, 4.15
−1.65, 5.66
−2.17, 5.73

6, 12.6%
2, 4.2%
2, 4.2%

2, 4.2%
2, 4.2%
2, 4.2%

2, 4.2%
1, 2.1%
1, 2.1%

1, 2.1%
1, 2.1%
1, 2.1%

Abbreviations: A-PSAT, Simple Adjusting–Paced Serial Addition Test; PASAT, Paced Auditory Serial Addition Test; RCI, Reliable Change Index; 
SD, standard deviation.
aCalculated as (follow-up minus baseline)/SD.
bCalculated as ([X2−X1]−[M2−M1])/SDdifference.
cA-PSAT score used is smallest interstimulus interval.
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performance (using ISIs of 2.4 and 2.0 seconds) over a 
6-month period.

When the SD method was used, several participants 
showed reliable improvement in the 2.0- and 2.4-second 
PASAT trials, A-PSAT, Stroop dots, and Stroop colors 
trials. Fewer reliable improvements were seen using 
the RCI. The two methods of calculation produced 
similar levels of reliable improvement for the 2.4-second 
PASAT and Stroop words trials. This suggests greater 
influence of practice effects on the SD change scores, as 
it is inconsistent with the overall decline in neurologic 
ability based on the EDSS scores. The results suggest 
that the RCI method has addressed the potential influ-
ence of practice effects, which would lead to improved 
rather than reduced performance, but could also indicate 
that the RCI is too conservative.

Differences in change scores were found between 
groups. One would expect the PPMS group to decline 
gradually over time, with the RRMS group show-

found to show cognitive impairment using the PASAT, 
leading it to be recommended as a core outcome mea-
sure in clinical trials.

Only people with RRMS receive IFNβ treatment, 
and changes in their capabilities are typically tracked 
with the MSFC.33 The MSFC is used as a primary out-
come measure in placebo-controlled trials of IFNβ treat-
ments for MS patients.34 The MSFC was designed to be 
multidimensional, with measures that change indepen-
dently over time, and to include one measure of change 
in cognitive functioning. It includes a PASAT trial 
that initially has a 3.0-second ISI, with the option of a 
2.0-second version. One problem with use of the MSFC 
is the lack of consensus on what constitutes a clini-
cally important change, both on the overall score and on 
the subscores. It has been previously reported that the 
MSFC is sensitive to change at intervals of 1 to 2 years.35 
The present study showed individual changes in PASAT 

Table 4. Change from baseline to 6 months with proportions improved and declined calculated 
using SD and RCI methods by MS type

Measure

SD methoda RCI methodb

±1 SD ±1.645 SD ±1 SD ±1.645 SD

Mean Min, Max
N, %

 improve
N, %

decline
N, %

improve
N, %

decline Mean Min, Max
N, %

improve
N, %

decline
N, %

 improve
N, %

decline

Relapsing-remitting MS

PASAT
    2.4″
    2.0″

–0.151
0.638

–2.40, 1.51
0.29, 1.55

2, 11.8%
2, 20%

3, 17.6%
0

0
0

2, 11.8%
0

0.155
–0.049

–2.29, 1.96
–0.60, 1.40

2, 11.8%
2, 20.0%

3, 17.6%
0

1, 5.9%
0

2, 11.8%
0

A-PSATc 0.009 –1.11, 4.99 2, 6.8% 1, 3.4% 2, 6.8% 0 –0.128 –0.43, 1.20 1, 3.4% 0 0 0

Stroop test
   Dots
   Words
   Colors

0.008
–0.176
–0.064

–2.13, 2.23
–1.59, 0.80
–1.05, 0.65

1, 3.6%
0
0

2, 7.1%
1, 3.4%
2, 7.2%

1, 3.6%
0
0

2, 7.1%
1, 3.6%

0

–0.156
0.005

–0.177

–2.04, 1.81
–1.65, 1.15
–1.00, 0.42

1, 3.6%
1, 3.4%

0

2, 7.1%
1, 3.4%
1, 3.6%

1, 3.6%
0
0

1, 3.6%
0
0

Primary progressive MS

PASAT
    2.4″
    2.0″

–0.148
0.658

–0.80, 0.98
–0.68, 1.45

0
3, 12.9%

0
0

0
0

0
0

0.159
–0.019

–0.55, 1.38
–2.15, 1.24

1, 5.3%
1, 20%

0
1, 20%

0
1, 20%

0
1, 20%

A-PSATc 1.926 –0.78, 2.51 1, 7.75% 0 1, 7.75% 0 0.383 –0.34, 6.14 1, 7.7% 0 1, 7.7% 0

Stroop test
   Dots
   Words
   Colors

0.513
–0.056
0.377

–0.90, 4.88
–2.43, 6.94
–1.22, 4.66

5, 26.3%
2, 10.5%
2, 10.5%

0
1, 5.3%
1, 5.3%

3, 15.8%
1, 5.3%
2, 10.5%

0
0

1, 5.3%

0.292
0.145
0.195

–0.95, 4.15
–1.21, 5.66
–2.17, 5.73

5, 26.3%
1, 5.3%
2, 10.5%

0
1, 5.3%
1, 5.3%

2, 10.5%
1, 5.3%
1, 5.3%

0
0

1, 5.3%

Abbreviations: A-PSAT, Simple Adjusting–Paced Serial Addition Test; MS, multiple sclerosis; PASAT, Paced Auditory Serial Addition Test; RCI, 
Reliable Change Index; SD, standard deviation.
aCalculated as (follow-up minus baseline)/SD.
bCalculated as ([X2−X1]−[M2−M1])/SDdifference.
cA-PSAT score used is smallest interstimulus interval.
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course of the study, it is possible that some experienced 
relapse just after participation in the 6-month follow-up 
assessment; this must be considered in the generalization 
of the findings.

It is recommended that manufacturers of clinical tests 
provide information on change over time within clini-
cal samples so that clinicians can calculate the RCI for 
individual patients. For example, using the RCI method, 
if an individual with RRMS obtained a score of 35 on 
the 2.0-second PASAT trial at initial assessment and 
a score of 42 on the same trial after a 6-month inter-
val, his or her RCI would be calculated as ([42−35]−
[37.93−28.89])/11.74 = −0.17; thus, although the score 
is improved, the criterion for reliable improvement has 
not been met. This is particularly important for patients 
being seen in legal contexts and when seeking funding to 
support services. Most randomized controlled trials rely 
on averaging or pooling data across individuals to deter-
mine mean change. The responsiveness of individuals to 
treatment effects can be lost in such analyses, yet such 
individual responsiveness is important to future efforts 
to develop and refine treatments. o
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