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Abstract
Introduction: We compared the sensitivity of Symbol Digit Modalities Test (SDMT) and Paced Auditory Serial
Addition Test (PASAT) related to assessment of information processing speed in relapsing-remitting (RR) MS
patients with mild disabilities, and their correlation with upper and lower motor functions.
Materials and Methods: Thirty-eight RR MS patients and 38 age, gender, and education level-matched healthy
subjects participated in this study. Examination procedures included: PASAT, SDMT, Timed 25-Foot Walk
(T25FW) and Nine Hole Peg Test (9HPT). Data analysis was performed by receiver-operating characteristic
(ROC) analysis, Pearson correlation and independent t test.
Results: Information processing speed was significantly different between MS patients and healthy subjects (for
SDMT: p=0.001; for PASAT: p=0.03). SDMToral had the highest sensitivity (98.4%) and specificity (93%)
among tests for classifying cognitively impaired MS patients. SDMT oral scores correlated significantly with
scores of T25FW and 9HPT. PASAT and SDMT written scores did not correlate with scores of T25FW and
9HPT.
Conclusions: We suggest that SDMT oral be used in neurologic examination in order to assess cognitive
impairment in MS patients with mild disability, because it correlates strongly with ambulation and manual
functions, and because it has greater sensitivity.
Keywords: Multiple Sclerosis, Information Processing Speed, Symbol Digit Modalities Test, Paced Auditory
Serial Addition Test

227

office@penseejournal.com

Pensee Journal

Vol 76, No. 11;Nov 2014

1. Introduction
Multiple sclerosis is an autoimmune inflammatory demyelinating disease that damages myelin in the white and
gray matter of the central nervous system (Frohman et al, 2006). RR subtype is more frequent than the other
forms of MS. The mean age of MS onset is 29 years, when a person has the most amount of social activities
(Lublin & Miller, 2008).
Cognitive dysfunction is one of the most common symptoms of MS. Information processing speed in RR MS
patients is impaired more than the other cognitive functions (Demaree et al, 1999; Nocentini et al, 2006). Due
to the influence of cognitive impairment on daily life, social functioning (Amato et al, 1995) and professional
work (Beatty et al, 1995), evaluation of cognitive deficits is the early stages of the disease are very important.
PASAT can assess auditory processing speed, working memory and calculation ability. SDMT can evaluate
visual processing speed and working memory (Benedict et al, 2002; Benedict et al, 2008). At the moment, both
PASAT and SDMT are used for the evaluation of the information processing speed in MS patients. The PASAT
is included in the Multiple Sclerosis Functional Composite (MSFC) measure, which is commonly used in
clinical settings to monitor neurologic status.
There is controversy about replacing PASAT in the MSFC with other, more sensitive tests. Some studies
proposed not to substitute PASAT in the MSFC with SDMT (Brochet et al, 2008), but other studies show that
although both tests are valid, SDMT was nevertheless preferred (Drake et al, 2010). Therefore, it would be of
interest to compare both PASAT and SDMT, in order to determine which of these information processing speed
tests are more useful.
The main aim of our study was to compare the sensitivity and specificity of SDMT oral, SDMT written and
PASAT in MS patients with mild disability. Also, we determined the correlation of the information processing
speed with upper and lower motor functions.
2. Methods
2.1 Participants
In this study, 38 RR MS patients (male: 26.3%, mean age: 30.1± 6.8 years) from the Kerman/Iran multiple
sclerosis society invited to participate from January to June 2013. Also, 38 age, gender, and education levelmatched healthy subjects were participated in this study.
The diagnosis of MS was based on the McDonald criteria (Polman et al, 2011), and disability was estimated
according to the Kurtzke Expanded Disability Status Scale (EDSS) (Kurtzke, 1983). The mental status of
patients was assessed by means of a Mini-Mental State Examination (MMSE) (Folstein et al, 1975). Patients
with MMSE score < 26, EDSS > 3, pregnancy, recent relapse, other neurological diseases (stroke, seizure, etc.),
history of head trauma, chronic psychiatric disorder, or severe visual deficiency, as well as those who had
received corticosteroids during the three months prior to the study, were excluded from our study.
This study was approved by the Ethics Committee of Kerman University of Medical Sciences, and all of the
patients gave signed written informed consents before taking part in the study.
2.2 Procedure
A postgraduate student at the Kerman Neuroscience Research Centre carried out the assessments.
Fatigue and depression were evaluated by the Fatigue Severity Scale (FSS) questionnaire (Krupp et al, 1989)
and Beck Depression Inventory-II (BDI-II) (Ghassemzadeh et al, 2005) respectively.
The tests for the MS patients started with MSFC, which is a quantitative instrument that evaluates three clinical
dimensions of MS: leg/ambulation, arm and cognitive function (Fischer et al, 1999).
The first component of MSFC involved two trials of T25FW, followed up by two trials of 9HPT for dominant
and non-dominant hands, and ending with the PASAT-3” version, in accordance with the manual of the National
MS Society’s Clinical Outcomes Assessment Task Force (Fischer et al, 1999). At the end of the session, the
SDMT was performed in both oral and written forms.
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In the T25FW test, patients walked 25 feet (7.62 meters) twice as quickly as possible in a safe mode. We
recorded the mean time in seconds spent by patients to complete two trials (Rudick et al. 2002). The 9HPT
consisted of 4 trials and evaluated upper extremity motor functions. During the two consecutive trials, the
dominant hand was tested, then immediately the non-dominant hand was tested twice. The required time to
move nine pegs from a container into nine holes on a peg board, then return them to the container, was measured
(Mathiowetz et al, 1985). For statistical analysis, means of 4 trials were calculated. PASAT is an important
component of both MSFC (Fischer et al, 1999) and minimal assessment of cognitive function in MS
(MACFIMS) (Benedict et al. 2002). In this test, the patients listened to 61 audio taped single digits every 3
seconds and added each new digit to the previous one. The number of total correct sums was recorded (Rudick
et al, 2002). SDMT is a sub-component of MSFC; it presented a key consisting of nine symbols, each paired
with a number, at the top of a paper. Below the key, there was a series of unpaired symbols that the patients
were asked first to articulate, and then write the numbers associated with each of the symbols as fast as possible
in 90 seconds. The total number of correct responses was recorded (Benedict et al, 2002).
2.3 Statistical Analysis
An independent t test was used to explore statistically significant differences in the performance of SDMT oral,
SDMT written and PASAT between MS patients and healthy subjects. The Z score of SDMToral, SDMT written
and PASAT of patients was calculated in relation to mean and standard deviation (SD) of healthy subjects.
Impairment in SDMToral, SDMT written and PASAT was defined as score ≤ -1.5 SD of matched healthy
subjects (Eshaghi et al, 2012). Afterwards, MS patients were classified into two groups – impaired and normal
– according to the information processing speed. ROC analysis was then conducted in order to compare
sensitivity and specificity of SDMT oral, SDMT written and PASAT in MS patients with mild disability, and to
determine the appropriate cut-off score. Area under the ROC curve rate was 0.5 to 1. Values 0.5 and 1 indicate
poor and perfect tests respectively for classification of impaired patients from healthy subjects. A Pearson
correlation test was used to assess the relationship between three tests of information processing speed and
upper and lower motor functions, fatigue scale, depression score and disease duration.
Data analysis was performed by SPSS17. The level <0.05 was regarded as a significant effect.
3. Results
There were no significant differences in the gender, age and educational level between the two experimental
groups (Table 1).
Table 2 illustrates that the scores of the three tests related to information processing speed in MS patients showed
a significant decrease compared to healthy subjects.
Among 38 patients, 8 MS patients showed information processing speed impairment in all three tests (SDMT
oral, SDMT written and PASAT), 5 patients showed impairment only in SDMT oral & written, and the other 5
patients showed impairment only in PASAT, based on ≤ -1.5 SD of healthy subjects. Thus, there were 34.2 %
of patients with visual and auditory information processing speed deficits.
The ROC curves graph for data of SDMT oral, SDMT written and PASAT is shown in Figure 1.
The area under the ROC curve (AUC) with respect to SDMT oral, SDMT written and PASAT was 0.987, 0.945
and 0.766 respectively. There was a significant difference between the AUC of all the three tests. Thus, SDMT
oral had the highest value of the AUC, and was the best diagnostic criteria to differentiate impaired MS patients
with mild disability from healthy subjects in terms of information processing speed.
Maximum sensitivity (98.4%) and specificity (93%) on SDMT oral was attained with a cut-off score of 41.5.
Considering this cut-off point, there were 34.2 % patients with processing speed impairment in SDMT oral
performance. Z-score of this cut-off was -1.53, based on SD of healthy subjects, and classification accuracy of
SDMT oral was 100% with this cut-off point.
Maximum sensitivity (93.4%) and specificity (93%) on SDMT written was attained with a cut-off score of 40.5.
Considering this cut-off point, the classification accuracy of this test was 97.4%, and 36.8 % patients had
information processing speed impairment.
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Maximum sensitivity (93.4%) and specificity (46.2%) on PASAT was attained with a cut-off score of 36.5. With
this cut-off score, there were 23.7% processing speed impaired patients, and 89.5% patients were classified
correctly.
Correlation analysis showed that the SDMT oral score correlated negatively with upper motor function and
ambulation. Increases in the SDMT oral score were correlated with decreases in the time needed for the
completion of 9HPT and T25FW. There was no correlation between the SDMT oral score and fatigue and
depression scores or disease duration (Table 3). Table 3 showed that the SDMT written score was not correlated
with upper motor function or ambulation. Also, the SDMT written score did not correlate with the fatigue and
depression scores, or with the disease duration. There was no association between the PASAT score and the
other listed variables.
4. Discussion
The results of our study showed that information processing speed declined in MS patients with mild disability
in comparison to healthy subjects, and 34.2 % of patients were impaired in visual and auditory information
processing speed. Also, our study showed that SDMT oral had the highest values for AUC, sensitivity and
classification accuracy. Our findings showed that the SDMT oral correlated significantly with ambulation and
manual dexterity.
Because of the importance of the speed of information processing in MS patients, several studies were
conducted to compare the different instruments of information processing speed in various subtypes of MS
(Benedict et al, 2008; Brochet et al, 2008; Drake et al, 2010; Eshaghi et al, 2012; Parmenter et al, 2007). Brochet
et al. were the first to propose that SDMT might be a viable alternative to PASAT. The authors compared MSFC,
incorporating SDMT with PASAT in a sample of 46 patients over five years. In this study, they concluded not
to substitute PASAT with SDMT in MSFC, but rather, to consider SDMT as a complementary approach to
evaluate the MS disease (Brochet et al, 2008).
In this regard, the primary objective of this study was to explore two tests related to information processing
speed, from different aspects, in RR MS patients with mild disabilities.
Our findings with regard to 38 mildly disabled MS patients showed that 34.2 % of the patients were impaired
in information processing speed. Another study on 291 MS patients in the USA showed that 51.9% of the MS
patients were impaired in SDMT oral performance and 27.4% of the MS patients were impaired in PASAT
performance, based on Z-score < -1.5 SD in healthy subjects (Benedict et al, 2006). The difference between the
number of impaired patients this study could be explained by the fact that Benedict et al. assessed all four types
of MS patients, but in the present study, only RR MS patients with mild disability were assessed.
Consistent with our findings showing that SDMT oral had the highest levels of sensitivity, specificity and
classification accuracy, previous research on RR and secondary progressive MS patients in Iran revealed that
among the cognitive tests related to MACFIMS, the maximum levels of AUC and sensitivity belong to SDMT
oral (Eshaghi et al, 2012). Another study in France on 57 RR MS patients in early-stage disease demonstrated
that among the five tests ( Selective Reminding Test, the Wechsler Adult Intelligence Scale-Revised, the Stroop
Test , PASAT and SDMT oral), SDMT oral was the best test for identifying cognitively impaired MS patients
in early-stage disease (Deloire et al, 2006). In our research, we suggest the cut-off score of 41.5 for SDMT oral
for classifying patients into two groups: impaired and normal. In their study, Parmenter suggested a cut-off
score of 55 for SDMT oral, in which maximum sensitivity and specificity were 82% and 60% respectively
(Parmenter et al, 2007).
In our study, only SDMT oral correlated with ambulation and manual functions. In their research on 400 MS
patients, Drake et al. demonstrated that both SDMT oral and PASAT correlated with ambulation and manual
functions; however, correlation of SDMT oral was stronger than PASAT (Drake et al, 2010). A 5-year followup longitudinal study on 46 MS patients revealed that there was significant correlation between SDMT oral Zscore and EDSS, but no correlation between PASAT Z-score and EDSS (Brochet et al, 2008). In our study,
correlation of cognitive performance with fatigue, depression and duration of disease was not seen. Also, Drake
and colleagues show that SDMT oral and PASAT both correlated weakly with fatigue and depression scores in
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MS patients (Drake et al, 2010).
5. Conclusion
With due attention to our findings we suggest that SDMT oral can be used in MS patients with mild disability
to screen impaired patients in terms of information processing speed, because of the following: 1) this test has
high sensitivity and specificity and good classification accuracy; 2) this test correlates well with ambulation
and manual functions; 3) this test was administered and scored in less than five minutes, and patients can easily
tolerate it and participate with little stress.
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Table 1. Demographic characteristics of healthy subjects and MS patients
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Variables

Healthy subjects

MS patients

P value

Male/female; % male

10/28;26.3

10/28;26.3

1.0

Age(years)

29.9±6.8

30.5±7

0.71

Education(years)

13.6±3

14.1±4.2

0.45

Disease duration (months)

-

28.2±27.5

-
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Table 2.Comparison between healthy subjects and MS patients in terms of SDMT oral, SDMT written and
PASAT scores
Variable
SDMT oral score
Mean ± SD

MS Patients

Healthy Subjects

Difference Between Groups

45.97 ± 10.3

52.9 ± 7.4

p=0.001

44.2 ± 10.6

51.3 ± 7.4

p=0.001

45.1 ± 10.7

49.95 ± 7.2

p=0.03

SDMT written score
Mean ± SD
PASAT score
Mean ± SD

Abbreviations: MS, multiple sclerosis; SDMT, Symbol Digit Modalities Test; PASAT, Paced Auditory Serial
Addition Test
Table3. Correlation between scores of tests related to information processing speed, and ambulation, upper
motor function, depression and fatigue scores, and duration of disease in MS patients.
Variable

Mean time of T25FW

Mean time of 9HPT

BDI-II

FSS

Disease duration

SDMT oral
score

r= -0.5

r= -0.5

r= -0.03

r= -0.2

r= -0.2

P= 0.002

P= 0.005

P= 0.9

P= 0.3

P= 0.3

r= -0.3

r= -0.3

r= -0.07

r= -0.1

r= -0.2

P= 0.07

P= 0.09

P= 0.7

P= 0.5

P= 0.2

r= -0.04

r= -0.2

r= -0.01

r= -0.01

r= -0.02

P= 0.8

P= 0.2

P= 0.9

P= 0.9

P= 0.9

SDMT
written score
PASAT
score

Abbreviations: MS, multiple sclerosis; SDMT, Symbol Digit Modalities Test; PASAT, Paced Auditory Serial
Addition Test; T25FW, Timed 25-Foot Walk; 9HPT, Nine Hole Peg Test; BDI-II, Beck Depression InventoryII; FSS, Fatigue Severity Scale.

Figure 1. ROC curve for SDMT oral, SDMT written and PASAT
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