
ORIGINAL ARTICLE

A simple measure of cognitive reserve is relevant for cognitive
performance in MS patients
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Abstract
Cognitive reserve (CR) contributes to preserve cognition despite brain damage. This theory has been applied to multiple sclerosis
(MS) to explain the partial relationship between cognition and MRI markers of brain pathology. Our aim was to determine the
relationship between two measures of CR and cognition in MS. One hundred and forty-seven MS patients were enrolled.
Cognition was assessed using the Rao’s Brief Repeatable Battery and the Stroop Test. CR was measured as the vocabulary
subtest of the WAIS-R score (VOC) and the number of years of formal education (EDU). Regression analysis included raw score
data on each neuropsychological (NP) test as dependent variables and demographic/clinical parameters, VOC, and EDU as
independent predictors. A binary logistic regression analysis including clinical/CR parameters as covariates and absence/
presence of cognitive deficits as dependent variables was performed too. VOC, but not EDU, was strongly correlated with
performances at all ten NP tests. EDU was correlated with executive performances. The binary logistic regression showed that
only the Expanded Disability Status Scale (EDSS) and VOC were independently correlated with the presence/absence of CD.
The lower the VOC and/or the higher the EDSS, the higher the frequency of CD. In conclusion, our study supports the relevance
of CR in subtending cognitive performances and the presence of CD in MS patients.
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Introduction

Cognitive deficits (CD) affect up to 70% of multiple sclero-
sis (MS) patients. Information processing speed and visual
and verbal memory are the most frequently involved cogni-
tive domains [1]. CD have a negative impact on daily living
activities, social functioning, and gaining and maintaining

employment [2]. They may start in the early stages of the
disease and generally worsen over time, but their relation-
ship with clinical variables [2] (e.g., disease duration, phys-
ical disability) and magnetic resonance imaging (MRI) mea-
sures of brain tissue damage is still debated. Indeed, MS
patients with a severe MRI disease burden (estimated by
T2-lesion load and brain atrophy) may show no CD [3].
An incomplete association between cognitive status and
structural findings (the so-called cognitive-radiologic disso-
ciation) has also been reported in elder age [4] and in some
other neurological diseases, such as Alzheimer’s disease
(AD) [4], traumatic brain injury [5], and stroke [6].

These observations led to the cognitive reserve (CR) theory
that try to explain the individual differences (in brain structure
and/or task processing) that may allow some people to cope
the same brain pathology degree without disease-related CD
than others who develop CD [7]. A growing body of research
extended the CR hypothesis also to MS showing that higher
CR softens the negative effect of the disease on cognitive
status [8–15].
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Stern defined two models of CR: (I) passive reserve (or
brain reserve) that is largely genetically determined and it
refers to quantitative/structural measures such as intracranial
volume, maximal lifetime brain growth, or neuronal count and
(II) active reserve (or cognitive reserve) that refers instead to
how effectively each individual can take advantage of the
available brain reserve, remaining preserved by CD [7].

In our study, we focused our attention on the active com-
ponent of CR (from now simply CR).

CR cannot be measured directly, so during the years, sev-
eral proxies have been used.

CR has been usually estimated from premorbid verbal in-
telligence [16], education [17], cognitive leisures [18], occu-
pational attainment [19], and/or vocabulary knowledge [8].
Some studies have used complex CR index resulting from
the combination of multiple proxies [15]. However no Bgold
standard^ is currently being identified. There have been de-
cades of research speculating what measures are good proxies
for CR, even in MS [20].

Within the range of all CR measures, we have focused our
attention on two variables: the vocabulary knowledge mea-
sured as vocabulary subtest score (VOC) of the Wechsler
Abbreviated Scale of Intelligence-Revised (WAIS-R) and the
number of years of formal/academic education (EDU). We
have chosen these two variables because they are easily re-
trievable in the course of a clinical visit.

VOC is an acceptedmethod of evaluating premorbid verbal
intelligence [21] and assesses the extent of acquired vocabu-
lary knowledge, which is greatly influenced by some
enriching life activities such as educational attainment, occu-
pational experiences, and frequent reading [22]. This test has
been previously used [8, 11, 23] and is considered a good
proxy of CR in MS, given its robustness and resistance to
age-related decline, independent of neurological damage [24].

EDU is considered an advantageous proxy of CR also giv-
en that MS onset is typically during the 20s and 30s, largely
after one’s schooling is complete [25].

The aim of the present study was to separately assess the
relationship of VOC and EDU with cognitive performances
after controlling for multiple clinical and demographic vari-
ables in a large group of MS patients.

Materials and methods

Study population

One hundred and fifty-six patients with MS (according to the
revised McDonald criteria) [26] were consecutively screened
for the present study at the MS Center of the University of
Campania BL. Vanvitelli^, Italy.

All patients were relapse and steroid therapy-free for at
least 3 months before the enrollment and had no history of

other neurological and psychiatric conditions, learning dis-
ability, and assumption of psychoactive drugs.

NineMS patients (six female, threemale) were not enrolled
in the study because they declined participation or did not
complete the neuropsychological assessment. The final study
sample included 147 MS patients.

The study was approved by the local Ethics Committee. A
written informed consent was obtained from all subjects prior
to participation.

Clinical and neuropsychological assessment

Age, gender, disease duration, and EDU were recorded for
each patient.

All patients underwent the following: (i) a complete neu-
rological examination, including the assessment of disability
by the Expanded Disability Status Scale (EDSS) [27]; (ii) a
neuropsychological (NP) evaluation assessing cognitive func-
tioning (see below for details); (iii) an assessment of depres-
sive symptoms by the Chicago Multiscale Depression
Inventory (CMDI) [28]; (iv) an evaluation of fatigue by the
Fatigue Severity Scale (FSS) [29].

Cognitive functioning was assessed using the version A of
the Rao’s brief repeatable battery (BRB) [30]. BRB includes
subtests which explore verbal memory and delayed recall
[Selective Reminding Test (SRT) and SRT-delayed recall
(D-SRT)], visuospatial memory and delayed recall [10/36
Spatial Recall Test (10/36-SPART) and 10/36 SPART-
delayed recall (10/36 SPART-D)], concentration, sustained at-
tention, and information processing speed [Paced Auditory
Serial Addition Test at 3 s (PASAT 3″) and at 2 s (PASAT
2″), Symbol Digit Modalities Test (SDMT)], and verbal flu-
ency on semantic stimulus [Word List Generation (WLG)].
Executive functions were also assessed with the Stroop
Color-Word Interference Test (SCWIT), which mainly inves-
tigates inhibitory control.

Raw scores of each subtest were converted to z-scores
based on published Italian normative data [31]. Failure at a
subtest was defined by a performance with a z-score 2 stan-
dard deviations (SD) below normal.

Patients who failed at two subtests or more were defined
cognitively impaired (CI). Those who failed none or only one
subtest were considered as cognitively preserved (CP) [32].

All NP examinations were performed by the same trained
neuropsychologist, blinded to clinical data.

CR assessment

CR was assessed by two measures: (I) the VOC of the Italian
version of the WAIS-R and (II) number of years of formal/
academic education (EDU).

VOC is obtained using 35 words (verbs, nouns, and adjec-
tives) of increasing difficulties (e.g., bed, ship, hide, wear out).
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Each answer is evaluated on a 3-point scale (0–2), depending
on the comprehensiveness of the response. Total score ranges
from 0 to 70: the higher the score, the greater the vocabulary
knowledge is. The test was administrated by a trained neuro-
psychologist, following precisely the instructions relating to
the scoring allocation for each item. The time necessary for the
administration is about 20 min.

Statistical analysis

The Shapiro-Wilk test and graphical methods were used to
assess the normal distribution of data. In case of normal dis-
tribution, data were presented as mean and SD; in case of
deviation from the normal distribution, data were presented
as median.

A linear multivariate regression analysis, including demo-
graphic (i.e., age and sex) and clinical parameters (i.e., disease
duration, EDSS, FSS, CMDI), two measures of CR (VOC and
EDU) as independent predictors, and raw scores on each cog-
nitive task as dependent variables was performed in order to
evaluate the predictive role of VOC and/or EDU on each
cognitive domain functioning (as raw score on each test).

A binary logistic regression analysis including disease du-
ration, EDSS, FSS, CMDI, and VOC score as covariates, and
absence (0) or presence (1) of CD as dependent variables was
performed in order to assess predictors of cognitive status of
MS patients.

Age, sex, and education were not included in the logistic
regression analysis because these were already considered,
when necessary, as correction factors for the z-score assign-
ment (used to define presence/absence of CD) [31]. All data
were analyzed using the SPSS version 20 software package
(SPSS Inc., Chicago, IL).

Results

Patients’ main demographic, clinical, and NP features are
summarized in Table 1.

One hundred and seven were women; the mean age was
37.76 ± 10.96, the mean EDU was 12.46 ± 3.75, and the dis-
ease duration was 10.06 ± 9.41 (Table 1).

According to their current disease phenotype, 128 patients
were classified as relapsing-remitting and 19 as secondary
progressive.

Depending on the NP performances, 35 patients were CI,
112 were CP. Table 2 includes the scores on each test for the
two MS subgroups (CI and CP) separately. There were no
significant differences in demographic and clinical character-
istics between the two subgroups of patients (Table 2).

In the linear regression analysis, only VOC resulted corre-
lated with (0.007 < p < 0.001) NP performances at all ten NP

tests (Table 3). An older age was significantly associated with
worse cognitive performances on verbal memory [SRT-LTS
(β – 0.312; p 0.003), SRT-CLTR (β – 0.307; p 0.005), D-SRT
(β – 0.305; p 0.004)], visuospatial memory [10/36-SPART-D
(β – 0.244; p 0.026)], and sustained attention [SDMT (β
– 0.201; p 0.022)] tests (Table 3).

Female gender significantly contributed to better perfor-
mance on verbal memory [SRT-LTS (β 0.183; p 0.022)], in-
formation processing speed and sustained attention [SDMT (β
– 0.328; p 0.001)], and verbal fluency [WLG (β 0.285; p
0.002)] tests (Table 3).

Higher EDSS score was significantly associated with
worse sustained attention [SDMT (β – 0.328; p 0.001), verbal
memory [D-SRT (β – 0.380; p 0.001)], and executive function
[SCWIT (β 0.468; p < 0.001)] performances (Table 3).

EDU was correlated with SCWIT performance (Table 3).
The binary logistic regression showed that only EDSS and

VOC were independently correlated with the presence/
absence of CD (Table 4). The lower the VOC and/or the
higher the EDSS, the higher the frequency of CD.

Discussion

CD are very common in MS [1], mostly affecting information
processing speed, visual, and verbal memory. Cognitive integ-
rity is fundamental for most daily activities as well as social
and work functioning; moreover, it is crucial for therapy ad-
herence [2]. As it occurs in other neurological diseases, there
is only a partial relationship between MRI measures of MS
brain pathology and cognitive functioning. The CR theory
might contribute to explain this incomplete association [3].

Our main purpose was to determine the relationship be-
tween two easily obtainable measures of CR, VOC and
EDU, and cognitive functioning in MS patients.

VOC estimates semantic knowledge acquired through
enriching activities actively carried out by the subject such
as education, occupational attainment, and frequent reading
[24]. It is generally resistant to CD related to aging and it
has the advantage to be a fast-running test (it takes about
20 min). Therefore, VOC might be retained a useful measure
of CR [20].

Low levels of EDU inMS patients (less than 12 years) have
been associated with low performances at NP tests compared
to MS patients with higher levels of EDU (who conversely
performed similarly to the matched controls) [33].

Most of previous studies on CR in MS have demonstrated
that CR is correlated with cognitive performances [8–15].
However, some of these studies have investigated only a few
cognitive domains or self-perception of wellness [9, 11, 14].
In the present study, we used BRB [30], a comprehensive,
standardized, and specifically approved study for MS research
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NP battery. We also added the SCWIT to better explore exec-
utive functions.

Therefore, we thoroughly evaluated the cognitive profile of
MS patients to gain more insight on the possible association of
CR with specific cognitive domain impairment affecting daily
living, working activities, and social functioning.

Our primary result was that, inMS, VOC is the sole clinical
variable independently associated with cognitive perfor-
mances in all the cognitive domains explored. Contrariwise,
EDU is not related to the performances at most of the tests: we
could speculate that EDU is more influenced than VOC by
factors not related to the individual life experiences, such as
socioeconomic status or parental education. EDU alone might
not sufficiently capture the complex construct of CR because
of cultural differences, as compulsory education requirements
vary across cultures, countries, and school [34, 35]. In our
opinion, the early onset of MS may limit the usefulness of
EDU and employment associated-CR measures in MS re-
search because patients may have delayed or prematurely
interrupted their schooling and, even more so, may have been
unable to achieve occupational employment [36]. Moreover,
the quality of EDU, which we have not measured, might con-
tribute to CR too.

In our study, EDU showed a significant correlation with
SCWIT performance.

Only a few previous studies have explored the association
between cognitive reserve and executive functions, demon-
strating a correlation with EDU (in only one study) and read-
ing activity [12, 37].

It has already been demonstrated that a higher cognitive
reserve (measured as the mean sample-based z-scores for
VOC and EDU) reduced the negative effect of MS on cogni-
tive efficiency assessed with the SDMTand PASAT [8]. Other
studies have shown that persons with MS with greater vocab-
ulary knowledge and/or greater early-life participation in cog-
nitive leisure activities are more capable to cope with MS
without CD [38]. Moreover, MS patients with higher CR,
assessed using measures of childhood cultural and educational
enrichment, occupational attainment, and leisure activities, are
more likely to report lower levels of perceived disability,
higher levels of functional health, and higher levels of well-
being (based entirely on patients’ self-perception) [14].

In order to overcome some limitations of previous studies
that have been carried out on relatively small samples [9,
11–14], we included a large single-center group of MS
patients.

We also found a significant negative association between
EDSS score and cognitive performance on subtests that ex-
plore verbal memory, sustained attention, and executive func-
tions. These results are in agreement with previous studies in

Table 1 Demographic, clinical,
and NP features of the MS sample
(n = 147)

Parameters Patients (n = 147) Mean, SD Minimum-maximum

Age 37.76 ± 10.96 18–68

Gender (M/F) 50/107

EDU (years) 12.46 ± 3.75 5–25

Disease duration (years) 10.06 ± 9.41 1–558

EDSS 2.75 ± 1.79 0–8

SRT-LTS 38.35 ± 15.40 4–68

SRT-CLTR 27.17 ± 15.67 0–64

10/36-SPART 17.46 ± 5.63 5–30

SDMT 35.32 ± 14.48 3–73

PASAT 3″ 34.83 ± 13.73 4–60

PASAT 2″ 27.35 ± 10.36 4–55

D-SRT 7.25 ± 2.58 1–12

10/36-SPART-D 5.83 ± 2.35 0–10

WLG 19.46 ± 4.91 9–33

Stroop 82.36 ± 49.78 26–476

VOC 39.43 ± 16.47 6–68

CMDI-ts 73.9 ± 25.2 0–189

FSS 32.40 ± 16.05 9–63

EDU education, EDSS Expanded Disability Status Scale, SRT Selective Reminding Test, D-SRT Selective
Reminding Test-delayed recall, LTS long-term storage, CLTR consistent long-term retrieval, 10/36-SPART 10/
36 Spatial Recall Test,D-10/36-SPART 10/36 Spatial Recall Test-delayed recall, SDMT Symbol Digit Modalities
Test, PASAT 3″ Paced Auditory Serial Addition Test at 3 s, PASAT 2″ Paced Auditory Serial Addition Test at 2 s,
WLG Word List Generation, Stroop the Stroop Color Word Interference Test, VOC vocabulary subtest of the
Wechsler Adult Intelligence Scale-Revised, CMDI-ts the Chicago Multiscale Depression Inventory total score,
FSS Fatigue Severity Score
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which the EDSS score was significantly associated with CD
[39] and with poor performance on memory tests and verbal
fluency [8].

Another important finding is that only EDSS and VOC,
among the clinical variables examined, are independently as-
sociated with the presence/absence of CD. This outcome con-
firms the results of a previous study conducted in a consecu-
tive sample of 144 MS patients, in which a marker of
premorbid verbal IQ and EDSS resulted highly independent
predictors of CD [39].

There are some limitations in our study. First, in our sam-
ple, only 22%were CI, a bit low based on current literature; so
this might be a limitation in generalizing to the broader MS
population. Moreover, we did not assess cognitive leisure ac-
tivities (e.g., reading books, magazines or newspapers, pro-
ducing art or non-fiction writing, playing a musical instru-
ment, playing structured games, participating in hobbies)
[18], due to the lack of an Italian version of specific
questionnaires.

Moreover, although the VOC is a subtest of the Italian
version of the WAIS-R, a cut-off score has not been provided
yet in the Italian population. Due to the lack of such cut-off
value, we could not dichotomize this variable entering in re-
gression analysis as proxy of CR; this issue might represent

another limitation of the present study. Thus, future studies
should be designed to validate VOC subtest in MS providing
a specific cut-off score useful to screen individuals with low or
high CR.

The availability of a tool to measure CR in MS patients
might allow us to identify the individual capacity to cope
with the disease before developing CD. Patients with low-
er CR could benefit from early cognitive rehabilitation
[40] as they could learn and apply cognitive strategies
into their life before clinical onset of CD. They also might
be encouraged to carry out intellectually enriching leisure
activities. Due to the lack of longitudinal studies demon-
strating the protective effects of a higher VOC alone on
CD in persons with MS, VOC cannot yet be considered a
gold standard proxy of CR.

Given the impact of CD on the quality of life of MS pa-
tients, it is desirable to identify a simple and reliable test cor-
related with cognitive status in the course of the disease. Two
small size sample longitudinal studies have shown that a
higher CR (also estimated as VOC) is associated with less
decline in cognitive efficiency over a follow-up period from
1.6 to 4.5 years, in MS patients [10, 15]. Future multi-center
studies with a longitudinal design and a longer follow-up pe-
riod might further assess the strength and utility of VOC as a

Table 2 Demographic, clinical,
and neuropsychological features
of the cognitively impaired (CI)
(n = 35) and the cognitively
preserved (CP) (n = 112) MS
sample

Parameters CI MS (n = 35)

Mean (SD)

CP MS (n = 112)

Mean (SD)

F p

Age (years) 38.54 (10.94) 37.53 (11.01) 0.231 0.632

EDU (years) 12.17 (4.00) 12.55 (3.69) 0.274 0.601

Disease duration (years) 10.20 (9.40) 10.04 (9.45) 0.009 0.924

EDSS 3.27 (2.11) 2.61 (1.68) 3.416 0.067

CMDI-ts 70.38 (18.38) 74.97 (26.77) 0.878 0.350

FSS 32.94 (15.06) 32.25 (16.38) 0.049 0.825

SRT-LTS 39.54 (16.62) 38.01 (15.10) 1.360 0.245

SRT-CLTR 29.89 (18.13) 26.39 (14.89) 0.377 0.540

10/36-SPART 17.11 (5.06) 17.78 (5.79) 0.904 0.343

SDMT 37.37 (14.58) 34.73 (14.47) 1.881 0.172

PASAT 3″ 37.63 (13.45) 34.02 (13.76) 1.538 0.217

PASAT 2″ 29.26 (9.79) 26.79 (10.50) 0.359 0.550

D-SRT 7.49 (2.74) 7.19 (2.54) 0.104 0.747

10/36-SPART-D 5.71 (2.31) 5.86 (2.38) 0.002 0.967

WLG 19.43 (4.74) 19.47 (4.98) 0.086 0.769

Stroop 84.54 (55.71) 81.72 (48.14) 0.436 0.510

VOC 41.06 (15.28) 38.97 (16.83) 0.049 0.825

EDU education, EDSS Expanded Disability Status Scale, CMDI-ts the Chicago Multiscale Depression Inventory
total score, FSS Fatigue Severity Scale, SRT Selective Reminding Test, D-SRT selective Reminding Test-delayed
recall, LTS long-term storage, CLTR consistent long-term retrieval, 10/36-SPART 10/36 Spatial Recall Test 10/36-
SPART-D 10/36 Spatial Recall Test-delayed recall, SDMT Symbol Digit Modalities Test, PASAT 3″ Paced
Auditory Serial Addition Test at 3 s, PASAT 2″ Paced Auditory Serial Addition Test at 2 s, WLG Word List
Generation, Stroop the Stroop Color Word Interference Test, VOC vocabulary subtest of the Wechsler Adult
Intelligence Scale-Revised
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clinically meaningful predictor of cognitive performance in
MS patients. It would be very fascinating to extend the inves-
tigation of CR in the pediatric MS population too [41].
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