Disability and Rehabilitation

ISSN: 0963-8288 (Print) 1464-5165 (Online) Journal homepage: www.tandfonline.com/journals/idre20

©

Taylor & Francis

Taylor & Francis Group

Integrative group-based cognitive rehabilitation
efficacy in multiple sclerosis: a randomized
clinical trial

Oiane Rilo, Javier Pefia, Natalia Ojeda, Alfredo Rodriguez-Antigtiedad,
Mar Mendibe-Bilbao, Ainara Gdmez-Gastiasoro, John DeLuca, Nancy
Chiaravalloti & Naroa Ibarretxe-Bilbao

To cite this article: Oiane Rilo, Javier Pefia, Natalia Ojeda, Alfredo Rodriguez-Antigtiedad,
Mar Mendibe-Bilbao, Ainara Gémez-Gastiasoro, John DeLuca, Nancy Chiaravalloti & Naroa
Ibarretxe-Bilbao (2018) Integrative group-based cognitive rehabilitation efficacy in multiple
sclerosis: a randomized clinical trial, Disability and Rehabilitation, 40:2, 208-216, DOI:
10.1080/09638288.2016.1250168

To link to this article: https://doi.org/10.1080/09638288.2016.1250168

8 © 2016 The Author(s). Published by Informa ﬁ Published online: 07 Dec 2016.
UK Limited, trading as Taylor & Francis

Group
\]
CJ/ Submit your article to this journal &' il Article views: 5719
A
& View related articles (' @ View Crossmark data &'

CrossMark

@ Citing articles: 5 View citing articles &'

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=idre20


https://www.tandfonline.com/journals/idre20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/09638288.2016.1250168
https://doi.org/10.1080/09638288.2016.1250168
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=idre20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/09638288.2016.1250168?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/09638288.2016.1250168?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/09638288.2016.1250168&domain=pdf&date_stamp=07%20Dec%202016
http://crossmark.crossref.org/dialog/?doi=10.1080/09638288.2016.1250168&domain=pdf&date_stamp=07%20Dec%202016
https://www.tandfonline.com/doi/citedby/10.1080/09638288.2016.1250168?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/09638288.2016.1250168?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=idre20

DISABILITY AND REHABILITATION, 2018
VOL. 40, NO. 2, 208-216
http://dx.doi.org/10.1080/09638288.2016.1250168

Taylor & Francis
Taylor &Francis Group

3 OPEN ACCESS

RESEARCH PAPER

Integrative group-based cognitive rehabilitation efficacy in multiple sclerosis:
a randomized clinical trial

Oiane Rilo?, Javier Pena?, Natalia Ojeda?, Alfredo Rodriguez-Antigiiedad®, Mar Mendibe-Bilbao*,
Ainara Gémez-Gastiasoro®, John DeLuca®®, Nancy Chiaravalloti®® and Naroa Ibarretxe-Bilbao®

Department of Methods and Experimental Psychology, University of Deusto, Bilbao, Spain; °Neurology Service, Basurto University Hospital,
Bilbao, Spain; “Neurology Service, Cruces University Hospital, Barakaldo, Spain; “Kessler Foundation, West Orange, NJ, USA; ®Department of
Physical Medicine and Rehabilitation, Rutgers New Jersey Medical School, Newark, NJ, USA

ABSTRACT

Purpose: This study aimed to determine the efficacy of the integrative group-based cognitive rehabilita-
tion programme, REHACOP, on improving cognitive functions in multiple sclerosis (MS).

Methods: Fourty-two MS patients were randomized to the treatment programme REHACOP (n=21) or
waiting list control condition (n=21). The REHACOP group received cognitive rehabilitation in group for-
mat for three months focused on attention, processing speed, learning and memory, language, executive
functioning, and social cognition. Patients completed a neuropsychological assessment at baseline and fol-
low-up, which included tests of attention, processing speed, working memory, verbal memory, verbal flu-
ency, and executive functioning. Repeated measures multivariate analysis of covariance (MANCOVA) was
used to determine the efficacy of the cognitive rehabilitation programme.

Results: Group x Time interactions revealed significant improvements in the REHACOP group as compared
with the control group for processmg speed (p=0.011, n =0.16), working memory (p=0.014, n =0.15),
verbal memory (p=0.025, n =0.13), and executive functlonlng (p=0.024, n =0.13), showing medlum——
large effect sizes.

Conclusions: Patients receiving REHACOP showed improvements in several cognitive domains. This pre-
liminary study thus provides evidence supporting the efficacy of this integrative group-based cognitive
rehabilitation intervention in MS. Future research should confirm these findings, examine the impact of
the treatment on everyday life functioning and explore the presence of brain changes associated with
cognitive rehabilitation.
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> IMPLICATIONS FOR REHABILITATION

e This study provides initial evidence for integrative group-based cognitive rehabilitation efficacy in MS
patients through the implementation of the REHACOP cognitive rehabilitation programme.

e Patients received cognitive rehabilitation for three months (3 one-hour-sessions per week) focused on
training attention, learning and memory, language, executive functioning, and social cognition.

e Patients attending REHACOP sessions showed medium to large and statistically significant improve-
ments in processing speed, working memory, verbal memory, and executive functioning.

Introduction regarding the effects of pharmacological treatments, coupled with
the wide range of daily life aspects negatively impacted by the
disorder, highlights the need for using a potentially more effective
approach for developing interventions that address cognitive
deficits in MS patients.

While there is some evidence to support cognitive rehabilita-

Multiple sclerosis (MS) is a chronic, autoimmune, and neurodege-
nerative disorder that is characterized by the inflammation and
progressive demyelination of the central nervous system. It is
well-known that MS often results in cognitive impairment, even at
early stages of the disease, with a prevalence ranging from 43%

to 70% of patients.[1] Patients’ neuropsychological profile involves
deficits in attention, working memory, processing speed, verbal
memory, verbal fluency, and executive functioning.[1]

The presence of cognitive impairment in MS has been associ-
ated with difficulties in daily life activities,[2,3] unemployment,[4]
declining engagement in social and leisure activities,[3,5] as well
as reduced quality of life,[6-8] and health perception.[9] Moreover,
pharmacological treatments have shown inconsistent findings
in improving cognitive deficits in MS.[10] This inconsistency

tion in persons with MS, this literature is marred by numerous
methodological limitations.[11-13] These include: the lack of an
objective cognitive status assessment at baseline, lack of appropri-
ate controls, using inappropriate randomization methods, incon-
sistency among cognitive rehabilitation targets, and outcome
measures, etc.[13] However, there are several well-designed stud-
ies that have yielded positive results. For instance, Chiaravalloti
et al[14,15] provided class | evidence showing that a
specific intervention can significantly improve neuropsychological
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Table 1. Socio-demographic and clinical characteristics of the sample at baseline.

REHACOP group (n=21)

Control group (n=21)

Mean (95% Cl) Mean (95% Cl) U
n (%) SD n (%) SD 7 p
Age (years) 43.90 (39.58-48.23) 9.51 43.67 (40.53-46.80) 6.89 <0.01 0.926
Education (years) 13.00 (11.62-14.38) 3.03 13.95 (12.53-15.37) 3.12 179.50 0.296
Gender 0.10 0.747

Females 13 (61.90) 14 (66.67)

Males 8 (38.10) 7 (33.33) 0.10 0.747
Disease duration (years) 9.95 (6.38-13.52) 7.84 10.67 (8.03-13.30) 5.79 0.1 0.739
MS subtype

RR 15 (71.43) 17 (80.95)

PP 1 (4.76) 0 (0.00) 1.24 0.539

SP 5 (23.81) 4 (19.05)

EDSS 3.52 (2.80-4.25) 1.59 2.50 (1.66-3.34) 1.85 3.69 0.062
TAP 22.95 (21.16-24.75) 3.94 24.33 (22.68-25.99) 3.64 1.39 0.245
CRQ 13.43 (12.33-14.53) 242 13.90 (11.89-15.92) 4.43 0.19 0.668
GDS 6.38 (4.87-7.89) 3.31 4.95 (3.45-6.46) 3.31 163.50 0.148
FSS 45.33 (37.44-53.22) 17.33 38.95 (30.64-47.22) 18.15 172.50 0.227
VAS 31.49 (18.85-44.13) 27.76 20.10 (9.08-31.11) 24.21 155.00 0.097

Cl: confidence interval; CRQ: Cognitive Reserve Questionnaire; EDSS: Expanded Disability Status Scale; F: ANOVA; FSS: Fatigue Severity Scale; GDS:
Geriatric Depression Scale (15 items); PP: primary progressive; RR: relapsing-remitting; SD: standard deviation; SP: secondary progressive; TAP: The
Accentuation Reading Test; U: Mann-Whitney U; VAS: mental fatigue Visual Analog Scale; y* chi-squared.

performance, everyday functional activity and result in increased
functional brain activation and connectivity.

Traditionally, cognitive interventions for persons with MS have
focused on a single or a few specific domains despite the diverse
cognitive functions that may be impacted by the disease.
However, recent studies have started to implement more integra-
tive approaches (interventions that aim to improve overall cogni-
tion) with promising results.[16-18] In addition, few studies have
implemented group cognitive rehabilitation in MS despite the fact
that the group format offers several clinical advantages over the
traditional 1-on-1 approach such as increased efficiency, decreased
cost, and social interaction among patients during therapy.[19-22]
Therefore, there is a need for rigorous studies that implement
integrative group-based cognitive interventions in MS.

The REHACOP is an integrative cognitive rehabilitation pro-
gramme,[23] that trains several cognitive functions including
attention, processing speed, learning and memory (working mem-
ory), language, and executive functioning. Its efficacy in group for-
mat has previously been demonstrated for schizophrenia,[24] and
Parkinson’s disease.[25] Schizophrenia, Parkinson’s disease, and MS
are very dissimilar neurological diseases characterized by particular
etiologies, illness courses as well as symptomatology.[26-28]
Cognitive impairment also differs among these pathologies in sev-
eral features (e.g., prevalence, progression, severity, etc.).[1,29,30]
Nevertheless, patients who are diagnosed with any of these disor-
ders may present cognitive decline in attention, processing speed,
working memory, episodic memory, verbal fluency, and executive
functioning.[1,29,30] Thus, it is expected that treatment with
REHACOP would result in improved cognitive performance in MS
as well.

The aim of the current study was to determine the efficacy of
the REHACOP integrative group-based cognitive rehabilitation pro-
gramme for improving cognitive functioning in MS. The primary
outcome measures were several Z scores assessing the impact of
the REHACOP on attention, processing speed, working memory,
verbal memory, verbal fluency, and executive functioning in MS
patients.

Methods
Participants

Forty-two outpatients with clinically definite MS were recruited
from Cruces and Basurto University Hospitals, in Biscay, Spain.

Patients were randomly assigned to the treatment programme
REHACOP (n=21) or waiting list control condition (n=21). Both
groups’ socio-demographic and clinical characteristics are pro-
vided in Table 1.

All patients met criteria for the diagnosis of MS according to
McDonald et al. [31] Additional study inclusion criteria were: (i)
patients aged between 20 and 60 years; (ii) with relapsing-remit-
ting, secondary progressive or primary progressive MS; and (iii)
with or without cognitive deficits. Exclusion criteria were as fol-
lows: (i) the presence of dementia as defined by a Mini Mental
State Examination Test [32] score lower than 24; (ii) having suf-
fered an exacerbation during the month prior to the cognitive
assessment; (iii) being treated with corticosteroids during study
participation; (iv) the presence of another relevant neurological
disorder; (v) history of stroke or traumatic brain injury resulting in
a loss of consciousness for more than 30 min; or (vi) the presence
of psychiatric disorders.

Procedure

This study was approved by the Ethics Committee at the Health
Department of the Basque Mental Health System in Spain. The
trial was registered in clinicaltrials.gov (NCT02287454). All patients
completed the written informed consent prior to their involve-
ment in the study. Individual numeric identifiers were assigned to
each patient to ensure confidentiality.

A priori power analysis was conducted to determine the sample
size based on a previous study [33] using the G*Power 3 soft-
ware.[34] A sample size of 42 subjects, 21 in each group, was suf-
ficient to attain an effect size of 0.88 to detect between-group
differences in each cognitive domain, with 80% power and a 0.5%
level of significance. The study design was a non-blinded parallel-
group randomized trial with equal randomization. Patients were
informed of the opportunity to participate in the study by their
neurologists. The recruitment and enrollment were conducted in
several periods from January to March 2013, from January to April
2014, and from May to September 2015. All patients underwent a
neurologic and neuropsychological assessment at baseline and
3 month follow-up. Patients were randomly assigned to each
study condition using an online computer-generated random
number at a ratio of 1:1. The REHACOP group received cognitive
rehabilitation for three months, which included three one-hour-
sessions per week (total number of sessions=39). Five patients
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from the experimental condition also participated in private cogni-
tive rehabilitation during their participation in the study, attending
a mean of 10 sessions (45 min each) mainly focused on short-term
memory. Post-treatment assessment (finished by July 2013, July
2014, and December 2015) was performed within the first week
after completing the intervention. The control group was assigned
to a waiting list, which provided an opportunity to participate in
the cognitive rehabilitation programme once they completed the
study.

Instruments

Patients completed an extensive neuropsychological battery both
prior to and within one week of completing the treatment phase.
This included tests of attention, processing speed, working mem-
ory, verbal memory, verbal fluency, and executive functioning.
Additionally, several clinical scales were administered to examine
the equality of both groups on other relevant variables at
baseline.

Attention. The Brief Test of Attention (BTA) was used to meas-
ure patients’ attentional abilities.[35] This test consists of two par-
allel forms, numbers and letters, in which the same 10 sequences
of random digits and characters were auditory presented at the
rate of one stimulus per second. Patients were instructed to count
how many digits or characters were read aloud in the numbers
and letters forms, respectively.

Processing speed. The Symbol Digit Modalities Test (SDMT),[36]
the Trail Making Test A (TMT-A),[37] and the Salthouse
Perceptual Comparison Test (PCT) [38] were utilized to quantify
information processing speed. In the SDMT several symbols are
presented in a sheet of paper, each of which is associated with
a specific number. Patients were asked to assign the corre-
sponding number to several symbols using the reference key.
The time limit for the completion of the test is 90s. The TMT-A
consists of 25 circles numbered from 1 to 25 and distributed
over a sheet of paper. Patients were instructed to draw lines to
connect the numbers in ascending order as fast as possible. The
time for completion of the test was registered. The PCT required
patients to compare pairs of three and six letter sequences to
one another and to write an “I” if both sequences were identical
or a “D" if they were different. The time limit for each form
is 30s.

Working memory. The Backward Digits subtest (BD) of the
Wechsler Adult Intelligence Scale Ill was employed to assess work-
ing memory.[39] The BD is composed by seven sequences of
numbers that the examiner reads aloud at the rate of one digit
per second. Patients were instructed to repeat aloud the sequen-
ces in reverse order.

Verbal learning and memory. This cognitive domain was
assessed with the Hopkins Verbal Learning Test-Revised (HVLT-R)
learning and long-term recall scores.[40] The HVLT-R consists of a
list of 12 nouns that the examiner read three times at a rate of
one word per second. Patients were required to recall them
immediately after each reading. In the delayed recall, completed
20 min later, patients were asked to freely recall the list of nouns.
Different alternate, equivalent forms of the HVLT-R were adminis-
tered at the baseline and follow-up assessment to avoid a learn-
ing effect.

Verbal fluency. Semantic and phonemic fluency was assessed
by the Calibrated Ideational Fluency Assessment (CIFA).[41] In the
category-cued task patients were asked to report words related to
animals and supermarket semantic categories for the period of
1min each. In the letter-cued task patients were instructed to

report as many words beginning with the letter "P" as they could
during 3 min.

Executive functioning. This cognitive domain was measured by
the Stroop Color-Word Test, color-word and interference
scores.[42] In the color-word response inhibition trial, a sheet with
color words printed in incongruent colors is presented to the
examinee. Patients were instructed to name the color ink in which
each word was presented. The time limit for this trial is 45s.

Disability status. The Expanded Disability Status Scale (EDSS)
was used to rate patients’ disability status.[43] Higher scores rep-
resent a higher degree of disability.

Premorbid 1Q and cognitive reserve. The premorbid 1Q was
tested by the Accentuation Reading Test (TAP),[44] the National
Adult Reading Test Spanish version. Cognitive reserve was esti-
mated with the Cognitive Reserve Questionnaire (CRQ),[45] a
15-item multiple-choice questionnaire that includes questions
about education/culture, working activity, leisure and hobbies, as
well as physical and social activities. Higher scores indicate a bet-
ter premorbid 1Q and greater cognitive reserve.

Depressive symptoms. The 15-item Geriatric Depression Scale
(GDS) assessed patients’ depressive symptoms.[46] Higher scores
represent a higher degree of depression.

Fatigue. The Fatigue Severity Scale (FSS) [47] and mental
fatigue Visual Analog Scale (VAS) were employed to explore phys-
ical and mental fatigue, respectively. In both scales higher scores
show a higher degree of fatigue.

Intervention

REHACOP is an integrative cognitive rehabilitation programme
based on the principles of restoration, compensation and opti-
mization. REHACOP uses a bottom-up approach and a final inte-
gration with top-down tasks as part of the activities of daily living
module. That is, treatment begins with remediation of basic cogni-
tive processes, gradually advancing to more complex cognitive
domains, and finishes with daily living complex tasks that inte-
grate the utilization of several more basic cognitive domains. This
cognitive rehabilitation programme allows for individual or group
format and is composed of up to 300 paper and pen tasks divided
into eight consecutive modules: attention, learning and memory,
language, executive functions, social cognition, social skills, activ-
ities of daily living, and psycho-education. Processing speed is
also trained in the first four modules, because several tasks are
timed. Tasks within each module are hierarchically arranged by
ability subtypes and difficulty levels to ensure an increasing level
of cognitive demand.[23]

MS patients in the REHACOP group attended cognitive rehabili-
tation at the Multiple Sclerosis Association of Biscay (ADEMBI).
Cognitive rehabilitation was implemented in group format. Four
groups, with between 5 and 8 patients each, were conducted.
Two neuropsychologists, trained in the administration of the
protocol, conducted the cognitive rehabilitation using the same
materials and instructions. Patients attended each session with the
remaining members of their group. The neuropsychologists pro-
vided instructions of each paper—pencil task to the whole group,
and subsequently, patients individually performed the task. The
correction processes were carried out with the collaboration of
the entire group. Once the correction process was finished,
patients could share with the remaining members of the group
the difficulties encountered and the strategies employed during
the task.

The cognitive rehabilitation schedule included: four weeks of
training in attention (sustained, selective, alternating, and divided
attention); three weeks focused on learning and memory (verbal



and visual memory stimulation was combined with learning and
compensatory strategies; training was also provided in working
memory); three weeks focused on language (verbal fluency, syn-
tax, grammar, vocabulary, and comprehension); three weeks exer-
cising executive functioning (objectives planning and attainment,
verbal reasoning, categorization, and conceptualisation); and one
week of training in social cognition (social reasoning, theory of
mind, and moral dilemmas). Additionally, patients also performed
tasks at home three times a week during the learning and mem-
ory module to promote the generalization of the use of learning
strategies to daily life activities. Tasks performed at home
included, for instance, writing a diary describing what they had
done two days before, doing shopping without using a list or
reading a piece of news to explain it in the next session.

Statistical analysis

Due to the use of multiple measures to assess the cognitive func-
tions, composite scores were calculated for processing speed, ver-
bal memory, verbal fluency, and executive functioning. Composite
scores were calculated after all raw cognitive scores were con-
verted into z-values based on the pooled MS group and the
TMT-A scores were recoded (higher scores indicated a better per-
formance). The Cronbach’s alpha coefficient was utilized to deter-
mine the internal consistency of each composite score. The
normal distribution of the data was verified by the Shapiro-Wilk
test. To examine the differences between the REHACOP and the
control group in socio-demographic and clinical variables at base-
line Chi-square test (x®) and multivariate analysis of variance
(MANOVA) or Mann-Whitney U-test were used for categorical and
quantitative variables, respectively.

A multivariate analysis of covariance (MANCOVA) was used to
analyze cognitive differences between groups at baseline while
controlling for the potential effects of physical and mental fatigue.
Finally, Group x Time interaction effects from a multivariate
repeated measures analysis of covariance (repeated measures
MANCOVA) determined cognitive rehabilitation efficacy. To ana-
lyze the influence of the presence of patients with and without
cognitive impairment, which could benefit differently from the
cognitive intervention, a dichotomous covariate indicating
patients$ cognitive status was introduced in the model (along with
physical and mental fatigue scores). Patients’ cognitive status was
established according to the SDMT performance.[48] SDMT raw
scores were converted into standardized scores based on forty
healthy controls matched for age, gender, and education with the
MS patients. Patients with a raw score below 1.5 SD regarding the
mean of the healthy control group were considered as cognitively
impaired, while those with a raw score above that threshold were
considered as cognitively preserved. The repeated measures
MANCOVA also controlled by default for between-group cognitive
differences at baseline.[49] The significance level was set at 0.05.
Partial eta squared was obtained as an indicator of the effect size.

Results

Forty-two patients completed their participation in the study. Only
two patients (one from each condition) did not complete the
study, resulting in an attrition rate of 3.85% (Figure 1). Regarding
the sociodemographic and clinical variables, differences between
the REHACOP and control group were not found at baseline
(Table 1).

All raw cognitive test scores are provided in Table 2. Good
internal consistency was obtained for processing speed (x=0.88),
verbal memory (¢ =0.86), verbal fluency (x=0.85), and executive
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functioning (¢ =0.77) composites scores. There were significant
differences between the REHACOP and control group at baseline
in attention, working memory, processing speed, and verbal mem-
ory, but not in verbal fluency or executive functioning (Table 3).
The REHACOP group showed greater cognitive impairment than
the control group in all assessed cognitive domains at baseline.

Repeated measures MANCOVA Group x Time interactions
revealed significant differences between the REHACOP and control
group for processing speed, working memory, verbal memory,
and executive functioning (Table 4). The REHACOP group signifi-
cantly improved on all mentioned cognitive domains compared
with the control group (Figure 2). Effect sizes were large for proc-
essing speed and working memory. The remaining cognitive
domains showed medium effect sizes. This pattern of improve-
ment was also observed in attention and verbal fluency (Figure 2),
but the results were not significant.

Furthermore, to rule out the possible bias toward a favorable
outcome for the experimental condition, an additional repeated
measures MANCOVA was performed excluding the five patients
who participated in private cognitive rehabilitation. Group x Time
interactions remained the same, indicating that patients receiving
only REHACOP exhibited processing speed (p =0.014; nf, =0.18),
working memory (p=0.019; nf, =0.16), verbal memory (p=0.017;
n2 =0.17), and executive functioning (p = 0.040; n} =0.13) improve-
ments even after excluding patients receiving private cognitive
rehabilitation.

Discussion

The purpose of this study was to examine the efficacy of an inte-
grative cognitive rehabilitation programme in group format and
look at individual outcomes. Significant cognitive improvements
were detected for the treatment group in processing speed, work-
ing memory, verbal memory, and executive functioning after
REHACOP implementation, with medium and large effect sizes.
The results show that cognitive rehabilitation using an integrative
approach, can be administered using a group format, significantly
improving cognitive functioning in persons with MS. This is one of
the first studies to demonstrate that group cognitive rehabilitation
can be effective in persons with MS. In fact, to our knowledge,
only one recent study has implemented group cognitive training
including a neuropsychological assessment to examine the inter-
vention effects.[20]

The largest effect size after cognitive rehabilitation intervention
was observed in processing speed. Three recent studies, have
demonstrated improvements in persons with MS after RehaCom
computerized cognitive rehabilitation programme implementation
across attention, information processing (processing speed and
working memory), and executive functioning domains.[16-18] In
another study, Fink et al. [50] indirectly provided processing speed
training and found enhanced processing speed in the treatment
group. The present study also showed improved processing speed
with treatment. Taken together, there is increasing evidence that
behavioral approaches can significantly improve processing speed
in persons with MS.

Several studies have examined the effects of cognitive rehabili-
tation on working memory. A clinical trial carried out by Vogt
et al.[51] specifically targeted to working memory cognitive train-
ing and reported a significant improvement in processing speed
and working memory. Another intervention that was focused on
verbal memory and working memory rehabilitation showed sig-
nificant improvements in both cognitive domains.[52] Moreover,
the three studies that implemented the RehaCom computer pro-
gramme reported an improvement in information
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Figure 1. Consort flow diagram.

Table 2. Raw cognitive performance scores for the REHACOP and control group at baseline and follow-up.

REHACOP group Control group
Mean (95% Cl) SD Mean (95% Cl) SD
BTA Pre 12.43 (10.82-14.04) 3.53 15.14 (13.30-16.99) 4.05
Post 12.81 (10.90-14.72) 4.20 15.10 (13.40-16.79) 371
BD Pre 5.14 (4.34-5.95) 1.77 6.10 (5.38-6.81) 1.58
Post 6.43 (5.63-7.22) 1.75 6.24 (5.45-7.03) 1.73
SDMT Pre 36.67 (32.47-40.87) 9.23 46.43 (40.30-52.55) 13.46
Post 42,62 (36.95-48.29) 12.46 47.52 (41.61-53.44) 13.00
PCT Pre 20.52 (18.08-22.97) 537 26.19 (22.14-30.25) 8.91
Post 25.38 (22.10-28.66) 7.21 27.38 (23.15-31.61) 9.29
TMT-A Pre 50.90 (40.38-61.43) 23.12 37.38 (30.74-44.02) 14.59
Post 45.24 (37.67-52.81) 16.63 40.43 (32.13-48.73) 18.23
HVLT-R learning Pre 20.95 (19.18-22.72) 3.89 24.86 (23.23-26.49) 3.58
Post 24.48 (22.37-26.58) 4.63 24.81 (22.80-26.82) 4.42
HVLT-R recall Pre 7.19 (5.95-8.43) 2.73 8.76 (7.81-9.72) 2.10
Post 8.71 (7.50-9.93) 2,67 9.48 (8.65-10.30) 1.81
CIFA animals Pre 18.81 (16.81-20.81) 439 21.81 (18.68-24.94) 6.88
Post 21.57 (18.71-24.43) 6.28 22.24 (19.15-25.33) 6.79
CIFA supermarket  Pre 16.00 (13.55-18.45) 5.38 19.00 (16.79-21.21) 4.86
Post 18.81 (15.26-22.36) 7.80 21.10 (18.45-23.75) 5.82
CIFA P words Pre 24.52 (20.93-28.11) 7.88 28.67 (23.10-34.24) 12.24
Post 27.62 (25.07-30.16) 5.59 30.57 (25.15-35.99) 11.91
Stroop Word-Color Pre 34.86 (31.34-38.37) 7.72 41.48 (36.23-46.72) 11.53
Post 42.57 (37.29-47.85) 11.60 43.62 (38.45-48.79) 11.36
Stroop interference Pre —0.26 (-3.73-3.22) 7.63 1.90 (-0.89-4.68) 6.12
Post 5.34 (1.46-9.22) 8.52 2.79 (0.30-5.29) 547

BTA: Brief Test of Attention; BD: Backward Digits (BD) subtest of the Wechsler Adult Intelligence Scale Ill; Cl: confidence inter-
val; CIFA: Calibrated Ideational Fluency Assessment; HVLT-R: Hopkins Verbal Learning Test-Revised; PCT: Salthouse Perceptual
Comparison Test; SD: standard deviation; SDMT: Symbol Digit Modalities Test; TMT-A: Trail Making Test A.
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Table 3. MANCOVA for cognitive performance in the REHACOP and control group at baseline.

REHACOP Group Control Group
Mean (95% Cl) SD Mean (95% Cl) SD F p
Attention —0.34 (—0.74 to 0.06) 0.88 0.34 (—0.12 to 0.80) 1.01 5.74 0.022
WM —0.28 (—0.74 to 0.19) 1.03 0.28 (—0.14 to 0.69) 0.92 453 0.040
PS —0.36 (—0.70 to —0.03) 0.74 0.36 (—0.05 to 0.78) 0.91 7.29 0.010
VM —0.38 (—0.80 to 0.03) 0.92 0.38 (0.02 to 0.75) 0.80 8.88 0.005
VF —0.25 (—0.55 to 0.06) 0.67 0.25 (—0.21 to 0.70) 1.00 3.31 0.077
EF —0.24 (—0.61 to 0.14) 0.84 0.24 (—0.18 to 0.66) 0.92 3.85 0.057

Cl: confidence interval; EF: executive functioning; F: MANCOVA; PS: processing speed; SD: standard deviation; VF: verbal fluency;
VM: verbal memory; WM: working memory.

Table 4. Repeated measures MANCOVA for cognitive performance in the REHACOP and control group at baseline and follow-up.

REHACOP group Control group
Mean (95% Cl) SD Mean (95% Cl) SD F p nf,

Attention Pre —0.34 (—0.74 to 0.06) 0.88 0.34 (—0.12 to 0.80) 1.01 0.13 0.722 <0.01
Post —0.28 (—0.75 to 0.19) 1.03 0.28 (—0.13 to 0.69) 0.91

WM Pre —0.28 (—0.74 t0 0.19) 1.03 0.28 (—0.14 to 0.69) 0.92 6.61 0.014 0.15
Post 0.06 (—0.41 to 0.52) 1.02 —0.06 (—0.51 to 0.40) 1.01

PS Pre —0.36 (—0.70 to —0.03) 0.74 0.36 (—0.05 to 0.78) 0.91 7.26 0.011 0.16
Post —0.15 (—0.52 t0 0.22) 0.82 0.15 (—0.29 to 0.59) 0.97

VM Pre —0.38 (—0.80 to 0.03) 0.92 0.38 (0.02 to 0.75) 0.80 5.48 0.025 0.13
Post —0.10 (—0.55 to 0.35) 0.99 0.10 (—0.29 to 0.49) 0.86

VF Pre —0.25 (—0.55 to 0.06) 0.67 0.25 (—0.21 to 0.70) 1.00 2.08 0.158 0.05
Post —0.13 (—0.48 t0 0.23) 0.78 0.13 (—0.29 to 0.54) 0.91

EF Pre —0.24 (—0.61 to 0.14) 0.84 0.24 (—0.18 to 0.66) 0.92 5.55 0.024 0.13
Post 0.07 (—0.41 to 0.54) 1.04 —0.07 (—0.43 to 0.30) 0.81

Cl: confidence interval; EF: executive functioning; F: repeated measures MANCOVA; nf,: partial eta squared (effect size); PS: processing speed;
SD: standard deviation; VF: verbal fluency; VM: verbal memory; WM: working memory.
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Figure 2. Cognitive performance (Z scores) in the REHACOP and control group at baseline and follow-up.
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processing.[16-18] Thus, the present study found consistent find-
ings with prior conclusions and showed that an integrated and
group format cognitive rehabilitation programme can significantly
improve working memory in persons with MS.

Verbal memory research has focused on the efficacy of mem-
ory training,[19,20,52] as well as the effect of mnemonic strat-
egies.[14,53,54] Stuifbergen et al. [19] implemented a cognitive
rehabilitation programme for attention, memory and problem
solving, and found significant improvements in learning and
delayed verbal memory as well as an increased use of mnemonic
strategies. Chiaravalloti et al. [14] provided class | evidence for a
learning and memory mnemonic strategy intervention. Moreover,
two recent reviews have indicated that cognitive rehabilitation
improves immediate and delayed verbal memory in MS.[13,55]
The present results extend this conclusion using a group format
for cognitive intervention.

Previous literature has shown conflicting results for the effect
of cognitive rehabilitation in improving executive functioning in
MS. The studies that implemented the RehaCom computer pro-
gramme reported significant improvement.[16-18] Other study
that focused on memory, working memory, and executive func-
tioning training, did not detect an improvement in inhibition or
flexibility.[20] In addition, Stuifbergen et al. [19] showed no signifi-
cant effects in any test of the Delis—-Kaplan Executive Function
System after cognitive rehabilitation. Differences across studies
may be explained by executive functioning varying conceptualisa-
tions, training, and assessment methods. One potentially import-
ant point is that studies that support the efficacy of executive
functioning rehabilitation also implemented integrative cognitive
rehabilitation programmes. Therefore, it appears that interventions
that use a bottom-up approach may be more effective in improv-
ing the targeted cognitive domain.

Improvements in attention or verbal fluency following treat-
ment were not statistically significant. Our findings in attention
were not consistent with previous research.[16-18] Amato et al.
[56] trained several attention subtypes and reported a significant
improvement in sustained attention. Another intervention study
targeted attention improvement, also noted enhanced attention
and executive functions.[33] One possible explanation for this dis-
crepancy may lie in the assessment tools. Previous studies have
mainly used the Paced Auditory Serial Addition Test (PASAT) or
the Stroop Color-Word Test, which also involve complex cognitive
functions. Nevertheless, the present study used the BTA, which
may have been influenced less by other cognitive domains.

As far as we know, no other study has specifically trained ver-
bal fluency. Accordingly, most studies did not find significant
enhancements in verbal fluency after cognitive rehabilita-
tion.[16,19,33,56] However, a few studies found an improvement
in phonological verbal fluency.[18,20] The lack of significant
results in our study could be attributed to insufficient training
using REHACOP because there were only two training sessions
allocated for verbal fluency.

In addition to the previous methodologically rigorous studies
that have demonstrated the efficacy of the REHACOP cognitive
rehabilitation programme in schizophrenia [24] and Parkinson'’s
disease,[25] the present study provides preliminary findings about
its efficacy in MS patients. These findings offer a new line of
research and the subsequent possibility to utilize a new tool for
the management of cognitive deficits in MS. Furthermore, the
REHACOP might turn out to be a useful intervention to improve
patients psychological adjustment to the illness, general well-
being and daily life activities, a focus for future research. It is
worth noting that this acquires special relevance in middle age
patients, as those included in this study, where social roles related

to family life, occupational and leisure activities can be highly
affected by cognitive impairment.

The findings of the present study should be interpreted in the
context of methodological limitations. The present study was not
blinded. A placebo control group was not employed, which might
restrict the differentiation of the social effects, caused by the
group treatment, from the cognitive rehabilitation effects. Another
limitation was the fact that subject selection did not require cur-
rent cognitive impairment. Although the inclusion of patients'
with different cognitive status was controlled in repeated meas-
ures MANCOVA, cognitive rehabilitation studies need to be
focused on those with impairment to truly examine any treatment
effects. Afterward the randomization of the sample, significant dif-
ferences in cognitive performance were found at baseline
between the REHACOP and the control group. Even though
repeated measures MANCOVA controls by default for these differ-
ences including a parameter of the between-groups mean differ-
ences at baseline in the model,[49] the use of comparable groups
at baseline would be desirable. A larger sample size is also import-
ant for future research in order to increase the representativeness
of MS population. Despite these limitations, the present study still
showed significant improvements in cognitive performance across
a wide domain of cognitive functions, which likely speaks to the
potential efficacy of the REHACOP intervention.

Further controlled research is required to confirm the results of
the present study. A complementary long-term follow-up study
will be performed to help establish the maintenance of the cogni-
tive improvement 12 and 18 months following the intervention.
The present study did not include an analysis of whether cogni-
tive improvement had any effect on improving everyday func-
tional activity. This is clearly needed in any future studies. Finally,
future research should include magnetic resonance imaging
to explore the presence of brain changes associated with
cognitive rehabilitation, as several studies have previously
revealed.[15,17,18,57]
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