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Abstract

Objectives

Knowledge regarding attention impairment in MS and the value of tools 
used to detect it are lacking. This study aims to uncover the prevalence 
and clinical/ demographic profile of attention impairment in MS and 
tries to identify effective clinical and electrophysiological tests to assess 
attention in MS patients.

Methods

50 consecutive MS patients attending the Neurology OPD in Madras 
Medical College, Chennai from May 2015 to February 2017 with equal 
number of age, sex, and educational status matched controls were 
included. Disability was measured with EDSS (Expanded Disability 
Status Scale) and depression with CESD (Center for Epidemiologic 
Studies Depression) scale. Digit forward and backward span, symbol digit 
modalities test, paced auditory serial addition test (3 second version), and 
trail making test A and B, gorilla in the room test, and modified Stroop 
test in addition to P300 latency were used to assess attention. 

Results

Patients had a significantly poorer performance in digit backward span, 
trail making test B, modified Stroop test, and gorilla in the room test 
in addition to P300 latency compared to controls. 34% (n = 17) had 
impairment in three or more tests for attention. Patients with attention 
impairment were more likely to have progressive forms of MS, higher 
EDSS or CESD score. P300 latency was the most sensitive (94.1%) 
measure to detect attention deficits.

Conclusion

Attention impairment is widely prevalent in MS and P300 latency is the 
most sensitive measure which can be used routinely as a screening tool 
to detect it.

Keywords: MS, Attention Impairment, P300 Latency

Background

Multiple Sclerosis (MS) was known to cause impairment in cognition 
even in its earliest descriptions [1]. Irrespective of the methods used to 
assess cognition, the prevalence of cognitive impairment is relatively 
consistent – around 40 – 65% across several studies [2]. Faculties which 
are mostly dependent on the speed of data transit across the white matter 
like attention, processing speed, memory retrieval, and working memory 
bear the brunt of the attack from MS. Some patients voluntarily consult 
with cognition related complaints in contrast to the majority who are 
not even aware of their cognition related decline in optimal social and 
economic functioning. Several batteries used to test cognition in MS 
help in many such cases, but are far from comprehensive, especially in 
bringing out subtle deficits in attention. Hence it is of utmost importance 
to detect these at the earliest, make the patients realise their own cognitive 
limitations and if possible institute appropriate cognitive rehabilitation 
strategies in addition to the usual physical rehabilitatory measures.

The definition of attention is vague in literature. Accepted definitions 
include ‘the awake and alert state with selective perception of sensory or 
mnestic information facilitating the ability for a coherent and planned 
cognitive response’. Attention may be passive or active. Upper brainstem, 
thalamus, prefrontal cortex, temporo parieto occipital association cortices 
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and their connections have all been implicated as nodal centres in the 
cognitive thoroughfare. Depression plays an additive role in impairing the 
quality of life in these patients. 

Very few objective markers are available to a clinician to assess attention 
which is a highly subjective modality. P300 is an event related potential 
which involves attention and is tested by making a subject to focus on 
a target stimulus of low probability while ignoring recurrent high 
probability stimuli [3]. 

Objectives

The main objective in this study was to investigate for the prevalence and 
clinical/ demographic profile of attentional deficits in different forms of 
MS. We also tried to assess the value of various measures in detecting 
attention deficits in MS.

Methods

50 consecutive patients attending the Neurology OPD in Madras Medical 
College, Chennai from May 2015 to February 2016 fulfilling the 2010 
revised McDonald criteria [4] for MS with equal number of age, sex, 
and educational status matched controls were recruited. Approval was 
obtained from the Institutional Ethics Committee beforehand. After 
obtaining an informed consent, detailed history was taken followed by 
a thorough neurological assessment. Routine laboratory investigations 
blood sugar levels, electrolytes, renal and liver function tests; HIV, VDRL, 
etc. were done to rule out any comorbidity. Exclusion criteria were 
developmental delay, other comorbidities like stroke, major psychiatric 
disorders (psychosis or dementia), substance abuse, history of traumatic 
brain injury, and a visual acuity of less than 20/100 in either eye. Physical 
disability was measured with the EDSS (Expanded Disability Status 
Scale) [5] and depression was measured with the CESD (Centre for 
Epidemiologic Studies Depression) scale [6]. Auditory evoked P300 peak 
latency was tested using the oddball paradigm. Stimulus type used was 
tone burst (20% rare and 80% frequent) with a stimulus frequency of 
2000Hz for rare stimulus and 1000 Hz for frequent stimulus at an intensity 
of 75 dB. Stimuli were delivered at a rate of 1 per second. Active electrode 
was positioned at Cz. The stimuli were pseudorandom since there was a 
constraint that no two rare stimuli can occur together.

In addition to the conventional tests for attention like the digit forward 
and backward span [7], symbol digit modalities test [8], paced auditory 
serial addition test (3 second version) [9], and trail making test A and 
B [10], we also used a relatively novel measure of visual attention – the 
gorilla in the room test [11] in which a subject is shown a short video clip 
and is asked to focus on the number of ball passes between individuals 
wearing white T-shirts while ignoring the passes between individuals 
wearing black T-shirts. In addition another distracting stimulus is 
presented as a man in a gorilla suit walking in which is not perceived by 
individuals with intact attention. This is termed as in attentional blindness 

and is physiological. Paradoxically, lack of this inattentional blindness 
is pathological, implicating a subject’s inability to focus and sustain 
attention while filtering out distractions. This test was based on a seminal 
publication regarding inattentional blindness [12]. Patients were scored 
on two parameters – the gorilla detected score (0 if the patient did notice 
the gorilla and 1 if did not) and the passes counted score (1 if the passes 
were counted correctly and 0 if not). In addition a modified version of 
the Stroop test [9] was used in which the subjects were timed to identify 
the font colour of 60 words (font colour and the semantic meaning of the 
words were incoherent) correctly. 

From the 9 tests for attention mentioned above, raw scores were obtained 
both from the patient and the control population. The means and standard 
deviations were calculated from the normal control population. Any score 
which was 1.5 standard deviations below mean was considered abnormal. 

Statistical analysis was carried out using the SPSS software. Categorical 
variables expressed as numbers and proportions (%). Continuous 
variables expressed as mean ± standard deviation (range) for normally 
distributed variables and median (range) for variables that were not 
normally distributed. Normality of the distribution of values in the sample 
was determined with the Shapiro – Wilk test. To determine correlation, 
for normally distributed variables, Pearson’s coefficient was used and for 
variables which were not normally distributed nonparametric Spearman’s 
correlation was used. The differences in demographic variables and 
attentional parameters were tested for significance using Student’s 
T-test for independent samples and Mann Whitney U test was used for 
distributions which were not normally distributed. Receiver operating 
characteristic (ROC) curve for all the measures used to test attention was 
generated to obtain sensitivity and specificity values of each test. 

Results

Overall 50 subjects of various forms of MS (RRMS, SPMS and PPMS) 
along with 50 age, sex, educational and employment status matched 
controls were included in this study. The demographic and disease profile 
are illustrated in table 1. The presented data confirms that there were no 
significant variations in the sex, age, educational or employment status 
between the two groups. Among 50 cases, 36 (72%) had RRMS which 
was the predominant subtype. 2 (4%) and 12 (24%) had SPMS and PPMS 
respectively. Patients had a median duration of disease of 3.75 years, 
ranging from 0.5 to 50 years. 

Mean disability, measured by the EDSS was 4.620 ± 1.937, ranging 
from 1.0 to 9.0. 62% of subjects were on medications, either continuing 
or discontinued, either with corticosteroids, interferons or with a 
combination at the time of study. MS patients had a median CESD score 
of 13 ranging from of 0 to 31, whereas the controls had a score of 2 ranging 
from 0 to 12. Mann Whitney U test was utilised for comparing the means 
of both the populations. The difference was statistically significant at 95% 
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confidence interval and this reiterates that MS patients are more prone to 
depression compared to the general population. 

The means and standard deviations for MS patients and healthy controls 
on each of the attentional measures tested are presented in table 2. There 
was a statistically significant difference between the two groups in the 
scores of the Stroop test, gorilla detected, passes counted, digit backward 
span, trail making test B and P300 latency while there was no significant 
difference in the SDMT, PASAT, digit forward and trail making test A 
scores.

Using Pearson correlation coefficients between P300 latencies and 
the various parameters of attention tested we found a strong negative 
correlation (correlation coefficient R within parentheses) between P300 
latency and performance in SDMT (-0.8717), PASAT (-0.7217), digit 
forward span (-0.6537), backward span (-0.8578), trail making test A 
scores (0.6438), and trail making test B scores (0.5450) and a weaker 
correlation with performance in Stroop test (0.4114), and gorilla detected 
scores (-0.1704). This correlation was least for the passes counted scores.

We defined an abnormal result for a test if the score was 1.5 standard 
deviations below the mean scores of that of the control population. Based 
on this definition, the number of individuals with subnormal scores in 
each of these tests is presented in table 3. Among the 50 cases, 12 (24%) 
had impairment in 4 or more clinical attentional measures compared to 1 
control. Similarly 17 (34%) cases and 4 (8%) controls had impairment in 3 
or more clinical attentional measures (table 4). In this study, we arbitrarily 
defined attentional impairment as subnormal scores in 3 or more out 
of 9 tests of attention. Hence among 50 cases with MS, 34% (n=17) had 
‘attentional impairment’ while 66% (n=33) had a ‘normal attention’ 
according to our definition. 

The demographic and disease profile of MS subjects with attentional 
impairment and those with normal attention are compared in table 5. 
As we can see, the differences in age, sex, number of years of education, 
employment status and disease duration between the two groups was not 
significant. The lack of difference in disease duration between the groups 
may be taken as evidence for the fact that attention impairment may 
occur in all stages of the disease. Differences in medication intake history 
between these groups were also insignificant. Nonetheless, patients who 
had an attention impairment were more likely to have progressive types of 
MS (primary or secondary), higher EDSS score, higher CESD score and a 
prolonged P300 latency.  

The sensitivity and specificity of the 9 clinical tests of attention along 
with the P300 latency in detecting attentional impairment are portrayed 
in figure 1. Since there is no single ‘gold standard’ measure of defining 
attention impairment, we labelled anyone with impaired scores in three 
or measures of attention as ‘attention impaired’. As it is evident, both 
SDMT ≤ 11.6705 and PASAT ≤ 30.3300, according to our study have 
100% specificity for detecting attentional impairment but with a poorer 

sensitivity of 11.8% and 47.1% respectively. Similarly, the P300 peak 
latency ≥ 317.9595 ms is the most sensitive among all the measures with 
sensitivity of 94.1% but with a low specificity (30.3%). The ROC (Receiver 
Operating Characteristic) curves of these measures are plotted in figures 
2 and 3. 

Discussion

Research is deficient regarding attentional impairment – a more specific 
form of cognitive impairment which is highly dependent on the integrity 
of white matter circuits between critical nodes in the brain. Using our 
battery of tests tailored to test attention, we have derived from this study 
that the prevalence of significant attention deficits in MS is as high as 
34% in 3 or more test scores (table 4). And this figure rises to 56% for 
impairment in two or more test scores and to 90% for impairment in any 
one of the tested measures of attention. However with such a strict criteria, 
even 64% of the healthy matched controls have impaired performance 
in one of the measures. Hence, in this study we had arbitrarily defined 
attentional impairment as subnormal performance in 3 or more tests 
employed for this purpose. None of the subjects from either group had 
impairment in all of the 9 clinical tests for attention employed. 

Among all the tests included the P300 latency was found to be the most 
sensitive measure (94.1% sensitivity) to test for attentional impairment 
in MS patients. The generator of the P300 wave is thought to be the 
temporoparietooccipital junction which is a busy node in attention 
traffic. Though the neural substrates of P300 are not well established, its 
efficacy has been proved beyond doubt in cognitive impairment in several 
disorders like Alzheimer’s, Parkinson’s, Frontotemporal dementias, etc 
[13]. 

Though both SDMT and PASAT had a specificity of 100%, the sensitivity 
of them were 11.8% and 47.1% respectively – indicating that they may not 
be ideal as a screening tool in comparison to P300 latency. There was also 
a good correlation between these measures (R = 0.6069) and hence they 
may be testing similar circuits involved in attention, working memory 
and processing speed. The PASAT is one of the components of the MS 
functional composite [14]. 

When it comes to sensitivity, the gorilla in the room test was the second 
best next to P300 latency, making it the most sensitive bedside measure 
to detect deficits in visual attention. Two scores were used – the lack of 
inattentional blindness (the gorilla detected score – 0 if detected and 1 if 
not) and inability to focus on the given task (the passes counted score – 1 
if correctly counted and 0 if not). Though this may be a simplified version 
of this test, it had a sensitivity of 70.6% to detect attention impairment in 
individuals with MS. A similar study has already been attempted with MS 
patients though the methods and hence the results were slightly different 
in that study [11]. 

It seems that there is always a trade-off when it comes to central neural 
machinery deciding between the quality and the quantity information 
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processing. As the task in question becomes qualitatively more demanding, 
the quantity of information that can be taken into consciousness 
diminishes giving rise to the intriguing phenomenon of inattentional 
blindness. In simpler terms, as the subject becomes so focussed on the 
cognitively demanding task of counting the number of ball passes between 
players clad in a particular coloured dress while ignoring the distracting 
passes made by players clad in a different coloured dress, the irrelevant 
peripheral visual information of a gorilla entering the scene is completely 
blocked from reaching conscious perception at a subconscious level.

The Stroop test used in this study is a modified version based on the 
originally described Stroop effect [15]. Some of the measures tested by the 
Stroop test are attention and processing speed. In our study, the Stroop 
test was 64.7% sensitive and 84.8% specific in identifying attention deficits 
in MS cases. 

Digit span tests a subject’s attention span and the storage capacity of the 
working memory. In our study, the forward span had a sensitivity of 47.1% 
and a specificity of 87.9% in comparison to the backward span which had 
a sensitivity of 64.7% and a specificity of 93.9% in detecting attention 
deficits. 

The trail making test A is a test of visual attention and trail making test B 
involves task switching ability as well. Trail making test A had a sensitivity 
of 35.3% and a specificity of 97% in contrast to trail making test B with a 
sensitivity of 47.1% and a specificity of 87.9%. 

Depression was significantly more in our MS population compared to 
that of the controls. Several studies published previously suggest that 
depression occurs in around half of all MS cases at some point during 
their disease course [16-18]. In our study we also found a very significant 
difference in the CESD scores between the attention impaired and 
unimpaired individuals with MS indicating that depression may be a 
significant contributor to attentional deficits in MS patients. Hence patients 
who show signs of attention deficit may need a mandatory screening and 
treatment of coexistent depression. It is unclear whether depression is the 
cause or effect of cognitive impairment and also whether treatment of 
depression per se could improve scores on the tests of attention. Future 
studies may shed light towards this exciting possibility.

This is one of the very few studies which have specifically probed into 
the attention impairment domain of cognitive dysfunction in MS. Being a 
single centre study with a moderate sample size might be considered as a 
drawback. But statistical analysis of the data resulted in significant results 
with the current sample size which may indicate its adequacy. Similarly 
the incidence of depression and attention impairment in our study are 
consistent with several other studies from all over the world indicating 
the generalisability of our results in spite of the fact that ours is a single 
centre study.

Conclusion

Attention impairment is highly common in patients with MS with a 
prevalence of 34%. P300 is the most sensitive tool to detect attention 
impairment in MS patients with a high sensitivity of 94.1%. The novel 
gorilla in the room test used in this study proved to be the most sensitive 
bedside test for detecting attention impaired compared to other measures 
used in this study. The SDMT and PASAT tests are highly specific to detect 
attention deficits. Detecting these attention impairments at the earliest and 
making the patients and caregivers aware of them is highly crucial to allow 
for planning and implementation of compensatory measures improving 
their social and economic well-being. In addition, the prevalence of 
depression is significantly higher in MS patients, especially in those with a 
coexisting attention impairment which also needs to be addressed.

Characteristics Cases Controls p

Total 50 50 NA

Females, n (%) 35 (70%) 34 (68%) 0.8288
Age, mean ± SD 

(Range)
33.580 ± 10.583 (13 - 66)

33.620 ± 9.553 
(16 - 50)

0.9842

Education in years, 

Median (Range)
10 (0 - 18) 11 (0 - 18) 0.9415

Employed, n (%) 14 (28%) 16 (32%) 0.6625

RRMS, n (%) 36 (72%) NA NA

SPMS, n (%) 2 (4%) NA NA

PPMS, n (%) 12 (24%) NA NA
Disease duration 

in years, Median 

(Range)

3.75 (0.5 - 50.0) NA NA

EDSS, mean ± SD 

(Range)
4.620 ± 1.937 (1.0 - 9.0) NA NA

CESD, Median 

(Range)
13.5 (0 - 31) 2 (0 - 12)

< 
0.0001

Table 1. Subject Demographic and Disease Characteristics

NA – Not applicable

Categorical variables expressed as numbers and proportions (%). 
Continuous variables expressed as mean ± standard deviation (range) for 
normally distributed variables and median (range) for variables that were 
not normally distributed.
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Cognitive measure Cases Controls p

SDMT 37.540 ± 20.281 (9 - 71) 40.040 ± 18.913 (11 - 71) 0.5253

PASAT 40.18 ± 10.65 (11 – 54) 43.02 ± 8.46 (22 – 58) 0.1431

Stroop 136.588 ± 81.171 (68.10 - 512.20) 103.152 ± 25.029 (68.10 - 165.50) 0.0065

Gorilla detected 0.560 ± 0.501 (0 - 1) 0.760 ± 0.431 (0 - 1) 0.0348

Passes counted 0.500 ± 0.505 (0 - 1) 0.700 ± 0.463 (0 - 1) 0.0416

Digit forward 5.46 ± 1.16 (4 – 8) 5.68 ± 1.00 (4 – 8) 0.3130

Digit backward 3.44 ± 1.39 (1 – 7) 4.20 ± 0.93 (3 – 7) 0.0017

Trail making test A 34.234 ± 8.213 (24.3 – 59.2) 33.270 ± 6.404 (24.3 – 52) 0.5143

Trail making test B 119.304 ± 27.199 (78.1 – 182.1) 108.966 ± 17.528 (78.2 – 141.6) 0.0261

P300 latency 322.620 ± 5.555 (311.10 - 332.40) 313.506 ± 2.969 (310.10 - 322.40) <0.0001

Table 2: Performance Parameters on Various Cognitive Measures

Continuous variables expressed as mean ± standard deviation (range) for normally distributed variables.

Table 3. Number of Individuals With Subnormal Scores in Each of the Tests

Test Controls Cases p

SDMT <11.6705 1 2 0.5552

PASAT <30.33 5 8 0.3735

Stroop >140.6955 6 16 0.016

Gorilla 0 12 22 0.0349

Pass 0 15 25 0.0414

DF <4.18 4 12 0.0293

DB <2.805 0 13 0.0001

Trail A >42.876 3 7 0.1835

Trail B >135.258 5 12 0.0629

P300 >317.9595 6 39 <0.0001

Table 4: Number of Cases and Controls with Impairment (Score Below 1.5 Standard Deviations) On 1-9 Attentional Measures
Number impaired Controls Cases p

9 0 0 NS

≥8 0 2 0.1527

≥7 0 3 0.0784

≥6 0 4 0.0414

≥5 0 6 0.0114

≥4 1 12 0.0011

≥3 4 17 0.0014

≥2 14 28 0.0045

≥1 32 45 0.0020

NS – Not significant
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Table 5: Subject Demographic and Disease Characteristics – Normal Vs Impaired

Parameter Normal Impaired p

Age 32.42 ± 10.25 (13 - 60) 35.82 ± 11.16 (20 - 66) 0.2866

Females% 60.61% 88.24% 0.0434

Education in years 11 (0 - 16) 10 (0 - 18) 0.3066

Employed% 33.33% 17.65% 0.242

Duration in years 3.5 (0.5 - 12) 8.5 (0.5 - 50) 0.06

Progressive types% 9.09% 64.71% <0.0001

EDSS 3.92 ± 1.60 (1 - 7) 5.97 ± 1.86 (2 - 9) 0.0002

CESD 7 (0 - 22) 18 (0 - 31) <0.001

P300 latency 320.442 ± 4.709 (311.1 - 328.2) 326.847 ± 4.624 (314.1 - 332.4) <0.0001

Continuous Variables Expressed As Mean ± Standard Deviation (Range) For Normally Distributed Variables And Median (Range) For Variables That 
Were Not Normally Distributed.

Figure 1: Sensitivity and Specificity of Individual Tests of Attention in 
Detecting Attentional Impairment

Figure 2: Roc Curves for P300 Latency, Stroop Test, Trail Making Test 
A and B

* Area under curve 0.860 (95% confidence interval 0.734 – 0.986)
† Area under curve 0.645 (95% confidence interval 0.471 – 0.819)
‡ Area under curve 0.687 (95% confidence interval 0.513 – 0.861)
§ Area under curve 0.776 (95% confidence interval 0.638 – 0.914)

Figure 3:  Roc Curves for SDMT, PASAT, Forward Span and Backward 
Span

* Area under curve 0.825 (95% confidence interval 0.711 – 0.940)

† Area under curve 0.788 (95% confidence interval 0.648 – 0.928)

‡ Area under curve 0.761 (95% confidence interval 0.622 – 0.900)

§ Area under curve 0.831 (95% confidence interval 0.698 – 0.963)
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