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A B S T R A C T

Background

Cognitive deficits are a common manifestation in multiple sclerosis (MS) and have a wide effect on the patient’s quality of life. Alleviation

of the harmful effects caused by these deficits should be a major goal of MS research and practice.

Objectives

The aim of this review was to evaluate the effects of neuropsychological/cognitive rehabilitation in MS by conducting a systematic

review.

Search methods

A systematic literature search was carried out on reports drawn from Cochrane MS Group Specialised Register (To October 2010),

Evidence-based medicine (EBM) reviews (To September 2010), MEDLINE (January 1950 to September 2010), EMBASE (1974 to

September 2010), PsycINFO (January 1806 to September 2010), WEB OF SCIENCE (WOS) (January 1986 to September 2010),

CINAHL (1982 to September 2010), and identified from the references in these reports.

Selection criteria

Randomised Controlled Trials (RCTs) and quasi-randomised trials evaluating the effects of neuropsychological rehabilitation in MS

compared to other interventions or no intervention at all and employing neuropsychological rehabilitation methods and outcome

measures were included.

Data collection and analysis

Two review authors individually judged the relevance, risk of bias, and content of the included studies. Results were combined

quantitatively with meta-analyses according to the intervention type: 1) Cognitive training and 2) Cognitive training combined with

other neuropsychological rehabilitation methods. In addition, narrative presentation was used in reporting the results of those studies

which were inappropriate to be included in the meta-analysis.
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Main results

Fourteen studies (770 MS patients) fulfilled the inclusion criteria. On the basis of these studies, low level evidence was found that neu-

ropsychological rehabilitation reduces cognitive symptoms in MS. Cognitive training was found to improve memory span (standardised

mean difference 0.54 (95% confidence interval 0.2 to 0.88, P = 0.002)), working memory (standardised mean difference 0.33 (95%

confidence interval 0.09 to 0.57, P = 0.006)), and immediate visual memory (standardised mean difference 0.32 (95% confidence

interval 0.04 to 0.6, P = 0.02)). There was no evidence of an effect of cognitive training combined with other neuropsychological

rehabilitation methods on cognitive or emotional functions. The overall quality as well as the comparability of the included studies

were relatively low due to methodological limitations and heterogeneity of outcome measures. Although most of the pooled results

in the meta-analyses yielded no significant findings, twelve of the fourteen studies showed some evidence of positive effects when the

studies were individually analysed.

Authors’ conclusions

The review indicates low level evidence for the positive effects of neuropsychological rehabilitation in MS. Interventions included in

the review were heterogeneous. Consequently, clinical inferences can basically be drawn from single studies. Therefore, new trials may

change the strength and direction of the evidence. To further strengthen the evidence, well-designed high quality studies are needed.

In this systematic review, recommendations are given for improving the quality of future studies on the effects of neuropsychological

rehabilitation in MS.

P L A I N L A N G U A G E S U M M A R Y

Rehabilitation for cognitive dysfunctions in persons suffering of Multiple Sclerosis (MS)

Recently, new studies have challenged the historical view of MS merely as a demyelinating disease and made it evident that also

widespread lesions of the nerves (axonal damage) and grey matter changes are central features of MS. This has emphasized the role of

cognitive dysfunction as one of the core symptoms of the disease. Cognitive deficits are common in MS occurring in about 50-60%

of patients. Deficits can have a multidimensional impact on patients’ activities of daily living and should be taken into account in the

treatment and rehabilitation regimen. Neuropsychological rehabilitation aims at 1) reducing cognitive deficits; 2) reducing the harmful

effects of cognitive impairments; and 3) supporting patients’ awareness and ability to take cognitive impairments into account in daily

living.

The aim of this review was to evaluate the effects of cognitive (neuropsychological) rehabilitation in MS. This was done by considering the

effects of rehabilitation on cognitive test performance and everyday cognitive performance as well as on depression, fatigue, personality/

behaviour disturbances, anxiety, and quality of life.

Fourteen relevant studies comprising a total of 790 participants (770 MS patients and 20 healthy controls) were identified and included

in this review. Low evidence was found that neuropsychological rehabilitation reduces cognitive symptoms in MS, although, when

analysed individually, twelve of the fourteen studies showed some evidence of positive effects of neuropsychological rehabilitation.

Cognitive training was found to improve memory span, working memory, and immediate visual memory.

It is worth noting that the small sample sizes and some methodological weaknesses reduced the quality of the evidence. To further

strengthen the evidence, well-designed high quality studies are needed.

According to clinical experience, MS patient’s ablility to manage with disease-related cognitive symptoms can be promoted by individ-

ually planned neuropsychological rehabilitation.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Cognitive training for Multiple sclerosis

Patient or population: patients with Multiple sclerosis

Settings: Randomised studies

Intervention: Cognitive training

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Control Cognitive training

Attention The mean Attention in the

intervention groups was

0.06 standard deviations

higher

(0.12 lower to 0.24

higher)1

488

(4 studies)

⊕⊕©©

low2

SMD 0.06 (-0.12 to 0.24)

, P = 0.53

Information processing

speed

The mean Information

processing speed in the

intervention groups was

0.15 standard deviations

higher

(0.33 lower to 0.62

higher)

176

(4 studies)

⊕©©©

very low2,3,4

SMD 0.15 (-0.33 to 0.62)

, P = 0.55

Memory span The mean Memory span

in the intervention groups

was

0.54 standard deviations

higher

(0.2 to 0.88 higher)

150

(2 studies)

⊕⊕©©

low4,5

SMD 0.54 (0.2 to 0.88),

P = 0.002
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Working memory The mean Working mem-

ory in the intervention

groups was

0.33 standard deviations

higher

(0.09 to 0.57 higher)

288

(3 studies)

⊕©©©

very low2,4

SMD 0.33 (0.09 to 0.57)

, P = 0.006

Immediate visual mem-

ory

The mean Immediate vi-

sual memory in the inter-

vention groups was

0.32 standard deviations

higher

(0.04 to 0.6 higher)

217

(3 studies)

⊕⊕©©

low4,5

SMD 0.32 (0.04 to 0.6),

P = 0.02

Executive functions The mean Executive func-

tions in the intervention

groups was

0.35 standard deviations

higher

(0.03 lower to 0.73

higher)

112

(2 studies)

⊕©©©

very low2,4

SMD 0.35 (-0.03 to 0.73)

, P = 0.07

Depression The mean Depression in

the intervention groups

was

0.14 standard deviations

higher

(0.37 lower to 0.65

higher)

173

(4 studies)

⊕©©©

very low2,3,4

SMD 0.14 (-0.37 to 0.65)

, P = 0.60

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the

assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: Confidence interval;
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GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

1 Higher values indicate better performance in all outcomes.
2 Several crucial limitations in the implementation of the study.
3 High heterogeneity unexplained.
4 Low number of participants.
5 One crucial limitation in the implementation of the study.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
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B A C K G R O U N D

Description of the condition

Multiple sclerosis (MS) is a chronic inflammatory disease of the

central nervous system causing damage to both white and grey

matter. The average age at disease onset is 30 years. MS is the

most common disabling neurological disease in young and middle-

aged adults, and the economic effects of the disease are noticeable

(Barten 2010). MS is characterized by a marked variability in the

clinical symptoms and their course, while the unpredictable nature

of the disease trajectory increases the distress it causes the patients.

Cognitive deficits are a common manifestation in MS occurring

in about 50-60% of patients (Amato 2006). The neuropathologi-

cal background of the deficits is considered to relate to the variety

of white and grey matter damage (Filippi 2010). There is no di-

rect relationship between cognitive deficits and physical disability,

disease duration, or course of the disease (Amato 2008). On the

other hand, it has been found that high primary cognitive capac-

ity may protect cognitive functions by creating ’cognitive reserves’

and thus contributing to the development of functional reorgan-

isation processes (Bonnet 2006; Sumowski 2009).

MS-related cognitive dysfunction is heterogeneous and it’s evo-

lution is highly individual among patients. In longitudinal stud-

ies, both stable cognitive status (Jennekens-Schinkel 1990; Kujala

1997; Mariani 1991; Rosti 2007; Sperling 2001) and decline

(Amato 2001; Feinstein 1992; Kujala 1997; Zivadinov 2001) have

been reported. Memory and learning dysfunction and slowed in-

formation processing speed are regarded as the most common MS-

related cognitive deficits (Calabrese 2006; Rogers 2007). Slowed

information processing speed, in particular, is thought to under-

lie and be the core feature of cognitive problems observed in MS

(DeLuca 2004; Henry 2006), and can negatively affect on other

aspects of cognitive functions (Calabrese 2006; Feinstein 2007).

Common changes are also deficits in complex attention and exec-

utive functions. Deficits in visual perception and in verbal fluency,

as well as in naming can also occur (Fischer 2001). Furthermore,

cognitive fatigue has been reported to be a central feature of MS-

related cognitive decline (DeLuca 2005).

The functional consequences of MS-related cognitive impairment

can be striking. Cognitive deficits may have effects on phys-

ical independence, employment, social and recreational activi-

ties (Chiaravalloti 2008), driving skills (Kotterba 2003; Lincoln

2008), and on physical rehabilitation outcome (Langdon 1999), as

well as caregiver strain (Khan 2007). Therefore, cognitive deficits

can have a multidimensional impact on patients’ activities of daily

living and should be taken into account in the treatment and re-

habilitation regimen.

Description of the intervention

Neuropsychological rehabilitation is based on a comprehensive

neuropsychological assessment where patient’s individual cogni-

tive strenghts and weaknesses have been evaluated. If cognitive

problems have harmful effects on patient’s everyday life, neuropsy-

chological rehabiltation may reduce these effects by the means of

cognitive retraining, teaching compensatory strategies and use of

aids, supporting patient’s awareness and counselling patients and

their significant others how to better cope with cognitive prob-

lems. Neuropsychological rehabilitation differs from other psy-

chological interventions. Psychological interventions aim at treat-

ing mood disorders like depression and anxiety, reducing stress,

enhancing self efficacy and esteem, and improving psychological

coping skills. Psychological interventions do not aim at improving

cognitive skills or supporting patient’s awareness of one’s cognitive

strenghts and weaknesses because they require special training to

neuropsychology. Thus, neuropsychological rehabilitation is given

by a specialised clinical neuropsychologist.

How the intervention might work

Neuropsychological rehabilitation aims at 1) reducing cognitive

deficits; 2) reducing the harmful effects of cognitive impairments;

and 3) supporting patients’ awareness and ability to take cognitive

impairments into account in daily living.

Functional magnetic resonance imaging (fMRI) studies on cogni-

tive functions in MS have revealed that functional brain reorgan-

isation takes place spontaneously to compensate for tissue dam-

age (Penner 2007). Functional brain reorganisation mainly con-

sists of an increase in the extent of activation of the brain areas

used by healthy subjects, as well as the recruitment of additional

areas (Pantano 2006). This neuroplasticity may reduce the clini-

cal expression of cognitive symptoms. It has been speculated that

cognitive rehabilitation might be seen as a procedure to enhance

plasticity processes in the brain (Penner 2007).

Cognitive retraining has been shown to reduce cognitive deficits.

Attention and memory retraining has been shown to be effective

after traumatic brain injury and language and perception retrain-

ing for persons with stroke (Cicerone 2000). Furthermore, it has

been suggested that by providing the patients knowledge about

their neuropsychological strengths and weaknesses, it is possible to

increase patients’ awareness and abilities to find ways to cope with

existing cognitive problems (Wilson 2008). On the other hand,

teaching compensatory strategies may help patients to cope with

cognitive impairments (Wilson 2008). Furthermore, neuropsy-

chological support in individual and group rehabilitation settings

is thought to help patients to understand and accept their cognitive

problems and increase psychological well-being (Mateer 2005).

Why it is important to do this review
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The effects of neuropsychological rehabilitation in MS have not

been studied widely whereas for example in stroke patients, the ad-

vantages of neuropsychological rehabilitation have been more pro-

foundly evaluated (Bowen 2007; das Nair 2007; Lincoln 2000).

The heterogeneous and progressive nature of MS-related cognitive

deficits as well as information processing slowness as the main cog-

nitive impairment probably explain the reluctancy towards these

kind of studies. In the Cochrane review of Thomas et al. (Thomas

2006), the effectiveness of psychological interventions in MS was

evaluated based on the evidence of 16 randomised controlled tri-

als (RCTs). However, in this review only five of these trials fo-

cused on neuropsychological interventions. This is well under-

stood, because the review concentrated on evaluating whether psy-

chological interventions had an effect on quality of life, psychiatric

symptoms (e.g. depression and anxiety), psychological function-

ing (e.g. emotions, self-efficacy, self-esteem), neurological disabil-

ity and only as one component on cognitive functions. On the

contrary, our review concentrates on evaluating whether neuropsy-

chological rehabilitation has an effect on cognitive performances

and patients’ ability to cope with them. In addition to the Thomas

et al. (Thomas 2006) review, there is a published Cochrane proto-

col on memory rehabilitation in MS (das Nair 2010). This review

do not, however, cover other types of neuropsychological rehabili-

tation than memory training, only one narrow aspect of the whole

neuropsychological rehabilitation regimen.

In conclusion, it is important to do this review because 1) cogni-

tive deficits are common in MS; 2) cognitive deficits may have a

multidimensional impact on patients’ quality of life; 3) medica-

tion cannot prevent cognitive deficits or stop their progression; 4)

same benefits are not attained with psychological interventions; 5)

there are some studies evaluating the effects of neuropsychological

rehabilitation in MS in order to do the review; and 6) previous

reviews (psychological interventions and memory) do not evaluate

the effects of neuropsychological rehabilitation comprehensively.

There is a deficiency of a systematic review focusing on the ef-

fects of neuropsychological rehabilitation in MS. This systematic

review provides a cross-section of the published literature and it’s

quality on the subject.

O B J E C T I V E S

To assess the effects of neuropsychological/cognitive rehabilitation

on health-related factors, like cognitive performance and emo-

tional well-being in MS.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs) and quasi-randomised trials

with MS patients, in which neuropsychological/cognitive rehabil-

itation is compared with a control condition, were included. We

identified quasi-randomised allocation where procedures such as

date of admission, hospital numbers, alternation, date of birth,

or assignment to comparable groups with respect to clinical and

demographic factors were used. Quasi-randomised trials were in-

cluded because most available studies were quasi-randomised and

excluding them would discard most of the data. No criteria were

set for the intervention of the control group.

Types of participants

Patients should have had a clinically definite MS diagnosis accord-

ing to the known criteria, such as those of e.g. Poser et al. (Poser

1983) or McDonald et al. (McDonald 2001; Polman 2005). We

included studies in the review regardless of the clinical course of

the disease, severity of the disease or the length of time since di-

agnosis of MS. Studies concerning both MS patients and other

patient populations were also included when the results of MS

patients could be separated from other population.

Types of interventions

Interventions with neuropsychological/cognitive rehabilitation

were included. Studies with neuropsychological/cognitive rehabil-

itation as a part of multidisciplinary rehabilitation were also in-

cluded when the share of the neuropsychological rehabilitation in

the intervention was clearly reported. All different approaches of

neuropsychological rehabilitation were included, like cognitive re-

training, neuropsychological counselling, teaching compensatory

strategies and use of aids and neuropsychological support aimed

at reducing the harmful effects of cognitive/behavioural problems

(see section ’Description of the intervention’). The target of the

intervention had to be in reducing the problems caused by neu-

ropsychological deficits, like memory or attention disorders. On

the other hand, psychological interventions, e.g. treatment of de-

pression and drug studies were excluded.

Types of outcome measures

Primary outcomes

Primary outcomes were measures of cognitive test performance

and everyday cognitive performance. Outcome measures had

to be standardised objective research methods measuring cog-

nitive performance, such as the Wechsler Adult Intelligence

Scale (WAIS, Wechsler 1997a), the Wechsler Memory Scale

(WMS, Wechsler 1997b), the Paced Auditory Serial Addition

Test (PASAT, Gronwall 1977), the Symbol Digit Modalities Test
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(SDMT, Smith 1973) etc. For evaluating everyday cognitive per-

formance subjective self-reports and carer ratings measuring expe-

rienced harmful effects of cognitive problems and/or metacogni-

tion were used, such as the Memory Functioning Questionnaire

(MFQ, Gilewski 1990), the Everyday Memory Questionnaire

(EMQ, Sunderland 1983), the Dysexecutive Syndrome Question-

naire (DEX, Wilson 1996) etc.

Secondary outcomes

Secondary outcomes were measures of depression, such as the Beck

Depression Inventory (BDI, Beck 1961) etc; fatigue, such as the

Fatigue Scale for Motor and Cognitive Functions (FSMC, Penner

2005) etc; personality/behaviour disturbances, such as the NEO

Personality Inventory (NEO-PI, Hogan 1969) etc; anxiety, such

as the State-Trait Anxiety Inventory (STAI, Spielberger 1983) etc;

and quality of life, such as the SF-36 (Ware 1992) etc.

We also considered non-standardized measures, such as return to

work or activity level, as secondary outcome measures, if studies

had included these as measures of outcome.

Results were classified according to whether they were observed:

1) immediately post-treatment (within a month post-treatment);

or 2) after longer term follow-up (second measurement following

the immediate measurement).

Search methods for identification of studies

The search strategies were planned together with an experienced

information scientist and were run with the assistance of the Trials

Search Coordinator at the Cochrane Multiple Sclerosis Review

Group. No language restrictions were applied to the searches.

Electronic searches

Relevant studies were searched for from the following databases:

• Cochrane MS Group Specialised Register (To October

2010)

• Evidence-based medicine (EBM) reviews (To September

2010)

• MEDLINE (OVID) (January 1950 to September 2010)

• EMBASE (Embase.com) (1974 to September 2010)

• PsycINFO (OVID) (January 1806 to September 2010)

• WEB OF SCIENCE (WOS) (January 1986 to September

2010)

• CINAHL (Ebsco host) (1982 to September 2010)

The search was carried out by combining the subject headings

for: 1) MS disease; 2) cognitive functions; 3) rehabilitation; and 4)

research setting with free text keywords. Detailed search strategies

can be found in Appendix 1.

Information on the Cochrane Multiple Sclerosis Group’s Trials

Register and details of search strategies used to identify trials can

be found in the ’Specialised Register’ section within the Cochrane

Multiple Sclerosis Group’s module.

Searching other resources

In addition to electronic searches, the lists of references of included

studies and current reviews were examined. Also personal contact

with experts in the field were used to identify the studies.

Data collection and analysis

Selection of studies

Two review authors (ER & PH) independently assessed study rele-

vance and selection using predetermined inclusion criteria. In the

first phase, based on the abstracts one reviewer (ER) excluded ar-

ticles which obviously did not cover people with MS and/or neu-

ropsychological/cognitive interventions. Articles with any uncer-

tainty were selected for the next phase. In the second phase, based

on the abstracts, two independent reviewers (ER & PH) evalu-

ated whether PICO criteria were fulfilled and which articles were

searched for full text evaluation. If a consensus decision would not

have been reached, an advisory group consisting of three experi-

enced neuropsychologists would have been consulted. The advi-

sory group was not needed in any phase. In the third phase, the

full texts of the selected articles were evaluated by two indepen-

dent reviewers. Either of the reviewers was as an author or other-

wise involved in the articles evaluated. The journal title, names of

the authors and institutions, sources of funding, and results were

available for the reviewers in all phases of the review.

Data extraction and management

Two review authors (ER & PH) extracted the data for the final

content of the information. The other author (ER) tabulated the

data, which was checked out and completed by the other author

(PH). A consensus was discussed for every item (Characteristics of

included studies, Data and analyses) which were included in the

final tables.

The data concerning 1) participants (number, drop-outs, age, sex,

education years, MS disease course, severity and duration of the

disease, exclusion criteria, research setting); 2) interventions com-
pared (type, cognitive domain targeted, number, frequency, dura-

tion, and follow-up time); and 3) results (primary and secondary

outcome measures, timing of the measurements, main and other

results) were tabulated from the studies. The summary statistics

required for continuous data were the mean and standard devia-

tion (SD) at the post-intervention of each outcome variable and

the number of participants for each treatment group at each as-

sessment.
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Assessment of risk of bias in included studies

Two review authors (ER & PH) independently graded the selected

studies using a simple contingency form following the domain-

based evaluation described in the Cochrane Handbook for System-
atic Reviews of Interventions 5.1.0 (Higgins 2011). The authors

compared evaluations and discussed and resolved any disagree-

ments.

The authors assessed the following domains as ’Low risk of bias’,

’Unclear risk of bias or ’High risk of bias’:

1. random sequence generation

2. allocation concealment

3. blinding (of participant, personnel and outcome assessors)

4. incomplete outcome data

5. selective reporting

6. other bias

We reported the results of risk of bias analyses for each individual

study in the ’Risk of bias in included studies’ table and overall

quality of the findings in the ’Summary of findings for the main

comparison; Summary of findings 2’ tables. We used GRADE

software to provide an overall grading of the quality of the evidence

Measures of treatment effect

We analyzed the results of the studies using RevMan 5.1 (RevMan

2011). Cognitive performance was evaluated with many rating

scales evaluating different cognitive functions in the included stud-

ies. The cognitive tests employed in the included studies were

grouped into cognitive domains according to the functions they

are traditionally taken to measure (Lezak 2004) and the effects

of neuropsychological rehabilitation were separately evaluated on

those domains. For data in which a higher score denotes worse per-

formane (time-related and error variables in cognitive tests, out-

come measures of depression, fatique, and anxiety), the mean at

the postintervention was entered as a negative variable.

Treatment effects were analysed by mean differences (MD) for con-

tinuous outcome variables. We calculated the standardised mean

difference (SMD), when continuous outcome variables were mea-

sured with different scales. For all treatment effects, 95% confi-

dence intervals (CI) were provided.

Unit of analysis issues

We included studies with multiple intervention and control groups

and analysed them by pooling together the data on all the inter-

vention groups into a single intervention group and all the control

groups into a single control group. Control groups were pooled

for in three of the included studies (Fink 2010; Lincoln 2002;

Mendozzi 1998).

Dealing with missing data

Where data was not available or was unclear in the original study

reports, the authors of the studies in question were contacted for

more precise information. Further information regarding the ran-

domisation method was obtained for three studies (Benedict 2000;

Mattioli 2010; Tesar 2005). Statistical data for outcome mea-

sures was obtained for four studies (Chiaravalloti 2005; Lincoln

2002 (data for outcomes: metacognition and subjectively experi-

enced and carer’s reports of harmful effects of cognitive problems);

Mattioli 2010; Shatil 2010 (data for outcomes: depression and

fatigue). For one study (Jonsson 1993) the original data was not

anymore available.

Assessment of heterogeneity

The I2statistic was employed to statistically evaluate heterogeneity

of study variables. I2 values of 25%, 50%, and 75% corresponded

to low, medium, and high levels of heterogeneity. When the I
2 statistic was significant at ≥ 50% of study variables, estimates

for the treatment effects were calculated using a random-effects

model (providing broader confidence intervals than a fixed-effects

model). When heterogeneity was not found, a fixed-effects model

was adopted.

Assessment of reporting biases

There were less than ten studies which could be included in the

meta-analysis. Therefore funnel plots could not be conducted to

indicate possible publication bias. The funnel plots will be used

in an update of this review when more studies on the topic will be

identified.

Data synthesis

There was a wide variation in several variables of the studies in-

cluded in the present review. Differences were obvious in MS dis-

ease course, severity of disease, content, frequency, duration, set-

ting and aim of the intervention, outcome measures, and report-

ing results, as well as in the methodological quality of the studies.

Because of the observed heterogeneity, it was not possible to pool

the entire data quantitatively with a meta-analysis. Meta-analysis

was found to be appropriate in two subgroups: 1) those comparing

cognitive training versus any control (Mattioli 2010; Mendozzi

1998; Shatil 2010; Solari 2004; Vogt 2008); and 2) those com-

paring cognitive training combined with other neuropsychologi-

cal rehabilitation methods versus any control (Chiaravalloti 2005;

Fink 2010; Hildebrandt 2007; Lincoln 2002; Tesar 2005). In two

studies (Benedict 2000; Mendoza 2001) interventions were not

similar enough the results to be pooled. Thus, narrative presenta-

tion was used reporting those results by using an additional table.

Furthermore, results of one study (Jonsson 1993) were reported

in an addtional table, because data of the study was not available

in the format appropriate to meta-analyses.
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Subgroup analysis and investigation of heterogeneity

To provide a meaningful summary, two authors (ER & PH) con-

sidered whether the clinical and methodological characteristics of

the included studies were similar enough for meta-analysis. The

meta-analyses was carried out in two subgroups reported earlier.

Sensitivity analysis

Sensitivity analyses were carried out to assess the robustness of the

results by:

1. excluding studies with inadequate concealment of

allocation.

2. excluding studies in which outcome evaluation was not

blinded or blinding remained unclear.

3. excluding studies in which loss to follow-up remained

unclear or was greater than 20%.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded

studies; Characteristics of ongoing studies.

See Tables ’Characteristics of included studies’ and ’Characteristics

of excluded studies’.

Results of the search

The literature search process is described in Figure 1. Overall

5502 studies (including overlapping search results from different

databases) were retrieved. From these fourteen studies were in-

cluded.
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Figure 1. Flow diagram of the study selection process.
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Included studies

The 14 studies included were published between 1993 and 2010.

The studies were conducted in seven different countries: three in

the United States, three in Italy, two in Switzerland, and two in

Germany, and one in Denmark, Great Britain, Austria, and Israel.

One study was written in German and the others in English. All

studies were single center studies.

Participants

There were 790 participants, of whom 770 were MS patients and

20 healthy controls. Detailed information about the participants

is given in Table ’Characteristics of included studies’. The number

of participants in the studies varied from 15 to 240 (mean 59), and

the drop-out rates from 0 to 57% (mean 10%; drop-out rates were

not reported in one study (Hildebrandt 2007). The proportion of

women among the participants varied from 48 to 100% (mean

68%). The mean age of the participants varied from 38.9 to 60.0

years (mean 44.8) and mean years of education from 11.4 to 14.8

years (mean 12.1; education years were not reported in all studies).

Most of the patients had a relapsing-remitting course of disease (n
= 331; course was not reported in all studies). The mean Expanded

Disability Status Scale (EDSS) scores varied from 2.5 to 5.6 (mean

3.5) among patients, and the mean duration of the disease from

4.9 to 17.5 years (mean 11.1; EDSS scores and duration of disease

were not reported in all studies). In seven of the studies, cognitive

impairment, either self-reported and/or objectively demonstrated,

was required as an inclusion criterion.

Interventions

Detailed information about interventions is presented in Table

’Characteristics of included studies’. Cognitive training was in-

cluded in 86% of the studies (n = 12; Chiaravalloti 2005; Fink

2010; Hildebrandt 2007; Jonsson 1993; Lincoln 2002; Mattioli

2010; Mendozzi 1998; Shatil 2010; Solari 2004; Tesar 2005; Vogt

2008; Vogt 2009). In six out of twelve studies (Chiaravalloti 2005;

Fink 2010; Hildebrandt 2007; Jonsson 1993; Lincoln 2002; Tesar

2005), the intervention program consisted of learning compen-

satory strategies in addition to cognitive training. In nine studies,

cognitive training was computer-assisted, and in three studies per-

formed as paper-pencil tasks. Computer-assisted training was con-

ducted either at home (n = 5, 56%) or in a clinic (n = 4, 44%). The

computer-assisted programs were: Gripsgymnastik/Brain-Gym (n
= 1), Vilat-G 1.0 (n = 1), RehaCom (n = 5), and BrainStim (n =

2). Cognitive training was described for four cognitive domains;

memory, attention, visuospatial, and executive functions. Memory

training included: memorizing and recalling of word lists, pictures

and figures, routes, numbers as well as stories. Attentional train-

ing included: turned, inversed, and reflected texts, “two in one”

pictures, and labyrinths, as well as searching of figures and mon-

itoring distractors in tasks simulating train driving. Visuospatial

training included: mosaic games, and navigating tasks. Training

of executive functions included: organizing, planning and devel-

oping solution strategies employing realistic simulations of a set

of scheduled dates and duties.

Learning compensatory strategies were included in 57% of the

studies (n = 8; Benedict 2000; Chiaravalloti 2005; Fink 2010;

Hildebrandt 2007; Jonsson 1993; Lincoln 2002; Mendoza 2001;

Tesar 2005). Compensatory strategies were mostly used for mem-

ory functions. Both external (calendar, diaries, notebooks, and

lists) and internal (visualization, logical content like story building,

semantic categorization, and associations) memory strategies were

used. Calendars and notebooks were also used in a wider context

than just to compensate for memory disorders. Calendars were

used for planning everyday activities and notebooks for recording

the one’s current needs. Building routines into behavior and self-

control techniques were mentioned as compensatory strategies for

attentional deficits, and simplifying activities and visualization for

problem solving and planning deficits. Furthermore, cognitive-be-

havioral and neuropsychotherapeutic methods were used to pro-

cess cognitive and behavioral problems and to improve their man-

agement.

Two out of 14 interventions (14%) did not include cognitive train-

ing. The methods employed in these studies were a cognitive-

behavioral intervention to reduce behavioral problems (Benedict

2000) and the use of notebooks to intensify the observation of the

institutionalized patients’ needs (Mendoza 2001).

The target of the intervention was a single cognitive function in

50% of studies (n = 7). The target was most oftenly memory

functions, either alone or together with another function: working

memory, learning, and memory recall (n = 1), working memory

(n = 2), verbal learning and memory (n = 1), memory (n = 1), as

well as attention and memory (n = 1). Similarly, in 43% of studies

(n = 6) the target was several cognitive functions, mainly tailored

to the patient’s individual symptoms.

The reported number of intervention sessions in the studies varied

from 8 to 36 (mean 19.0) and the duration of each session from

25 minutes to 1.5 hour (mean 48 min; sessions and their duration

were not reported in all studies). The frequency of interventions

varied from five times a week to once per week (mean three times

per week; frequency was not reported in all studies). The duration

of the interventions varied from four weeks to four months (mean

8.2 weeks), and the entire follow-up time from immediate follow-

up to one year (mean 25.5 weeks).

Of the research settings 64% were comparative studies with two

groups (n = 9). In three studies (Lincoln 2002; Mendozzi 1998;
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Vogt 2009) there were three study groups and in one study (Vogt

2008) four (intervention and control groups of MS patients and

healthy controls). The control group received no intervention in

nine of the studies and unspecific cognitive training in four of the

studies. Other control interventions were: supportive psychother-

apy (n = 1), neuropsychological evaluation with feedback (n = 1),

an intervention program for healthy controls (n = 1), and low in-

tensity distributed training (n = 1).

Outcomes

Cognitive tests were used as baseline measurements in all 14 stud-

ies, in two (Benedict 2000; Lincoln 2002), however, only to doc-

ument the similarity of the compared groups with regard to cog-

nitive status at the beginning of the study. Detailed informa-

tion about outcome measures is given in Table ’Characteristics of

included studies’. The cognitive tests were also used as the out-

come measures in most of the studies (86%, n = 12). Cognitive test

results acted as the sole outcome measures only in one (Mendozzi

1998) study. Instead, it was more common that both cognitive tests

and self-rating questionnaires were used as outcome measures. In

most of the studies (86%) outcome was evaluated with self-rating

mood questionnaires (n = 12), of which the Beck Depression In-

ventory (BDI) (Beck 1961) was the most commonly (n = 6) used.

In addition, other self-report questionnaires were used, such as

quality of life (n = 6), fatigue (n = 4), metacognition/subjectively

experienced harmful effects of cognitive problems (n = 3), anxiety

(n = 2), personality (n = 1), as well as behaviour disturbances (n
= 1) questionnaires. In two studies, a caregiver evaluated the pa-

tient’s social behavior and personality, as well as everyday memory

and executive functions and caregiver’s own mood. The cognitive

tests and questionnaires used varied among the studies. The four

most commonly used outcome measures in the original studies are

specified in Table 1.

Only in two studies (Fink 2010; Solari 2004) were the primary

outcome measures determined beforehand and separated from the

secondary outcome measures.

In eight out of 14 studies (57%), the outcome was measured imme-

diately post-treatment (within a month post-treatment) without

longitudinal follow-up, while in the other six studies (Chiaravalloti

2005; Fink 2010; Jonsson 1993; Lincoln 2002; Solari 2004; Tesar

2005) longitudinal follow-ups were employed and varied from 11

weeks to one year post-treatment (mean 25.5 weeks).

Excluded studies

Based on the full text, 22 studies were excluded. Reasons for ex-

clusion were: 1) not neuropsychological/cognitive intervention (n
= 9); 2) case report (n = 4); 3) neuropsychological / cognitive re-

habilitation could not be separated from the intervention (n = 3);

4) not controlled trial (n = 3); 5) Controlled clinical trial (CCT)

(n = 1); 6) preliminary report of the study in progress at the time

of publication (n = 1); and 7) abstract (n = 1).

Risk of bias in included studies

See Figures ’Risk of bias (Figure 2)’ and ’Risk of bias summary

(Figure 3)’.

Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias item presented as

percentages across all included studies.
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Figure 3. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.
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Allocation

The randomisation was adequate and unpredictable only in 29%

of studies (n = 4; Benedict 2000; Jonsson 1993; Lincoln 2002;

Solari 2004). In these studies random number tables and sealed

opaque envelope system were used as randomisation methods. In

three of these studies (Jonsson 1993; Lincoln 2002; Solari 2004)

the personnel who performed the randomisation process was not

involved in the study itself. However, in most of the studies (71%),

the randomisation procedure was inadequate and predictable (n
= 10; Chiaravalloti 2005; Fink 2010; Hildebrandt 2007; Mattioli

2010; Mendoza 2001; Mendozzi 1998; Shatil 2010; Tesar 2005;

Vogt 2008; Vogt 2009). Non-random components like alterna-

tion, assignment to comparable groups with respect to clinical and

demographic factors, and date of admission, were used in the se-

quence generation processes in these studies.

Blinding

In most of the studies, the blinding of participants and personnel

had not been possible because of the characteristics of the inter-

ventions. In 79% of studies the blinding of the participant had not

been successful or it remained unclear whether it had succeeded in

practice (n = 11; Benedict 2000; Hildebrandt 2007; Jonsson 1993;

Lincoln 2002; Mattioli 2010; Mendoza 2001; Mendozzi 1998;

Shatil 2010; Tesar 2005; Vogt 2008; Vogt 2009). The blinding of

the personnel had not been successful or it was reported insuffi-

ciently in most of the studies (n = 10; Benedict 2000; Chiaravalloti

2005; Fink 2010; Jonsson 1993; Lincoln 2002; Mattioli 2010;

Mendoza 2001; Mendozzi 1998; Solari 2004; Tesar 2005). The

blinding of the personnel was evaluated to be succesful only in

those studies where training was carried out by participant him/

herself with computer-aided program (Hildebrandt 2007; Shatil

2010; Vogt 2008; Vogt 2009). The blinding of the outcome as-

sessors had succeeded slightly better, but remained unclear or in-

sufficient in 43% of the studies (n = 6; Jonsson 1993; Mendoza

2001; Shatil 2010; Tesar 2005; Vogt 2008; Vogt 2009). However,

only two studies (Jonsson 1993; Solari 2004) reported how the

blinding of the assessor had succeeded in practice.

Incomplete outcome data

In four studies (29%), there were no losses to follow-up (Benedict

2000; Mattioli 2010; Vogt 2008; Vogt 2009). In six studies (42%),

the percentage of drop-outs and withdrawals was less than 20%

(Chiaravalloti 2005; Lincoln 2002; Mendoza 2001; Mendozzi

1998; Solari 2004; Tesar 2005). In four studies (29%) the percent-

age of drop-outs and withdrawals exceeded 20% or was reported

insufficiently (Fink 2010; Hildebrandt 2007; Jonsson 1993; Shatil

2010).

Selective reporting

In most of the studies (71%) we did not find indications of se-

lective reporting: all intended outcome data was present for in-

tervention and control groups during intervention and follow-up

phases (n = 10; Benedict 2000; Chiaravalloti 2005; Hildebrandt

2007; Mattioli 2010; Mendozzi 1998; Shatil 2010; Solari 2004;

Tesar 2005; Vogt 2008; Vogt 2009). In 14% of studies, all results

of pre-specified outcome measures were not reported (n = 2; Fink

2010; Jonsson 1993). In one study study cognitive tests were not

included as outcome measures although intervention was cogni-

tive rehabilitation and target cognitive training. Consequently, we

evaluated that results for some key outcomes were not reported

(Lincoln 2002). Moreover, in one study data of all outcome mea-

sures (cognitive tests) was not reported (Mendoza 2001).

Other potential sources of bias

We did not find other sources of bias in 50% of the studies (n =

7; Benedict 2000; Jonsson 1993; Mattioli 2010; Mendozzi 1998;

Tesar 2005; Vogt 2008; Vogt 2009). However, in six studies (43%)

intervention and control groups were not similar at baseline or

their similarity remained unclear regarding the most important

prognostic indicators. Groups differed in demographic factors, like

age (Chiaravalloti 2005; Hildebrandt 2007; Mendoza 2001; Shatil

2010; Solari 2004) and gender (Hildebrandt 2007) or baseline

characteristics were not reported in sufficient detail (Fink 2010).

Furthermore, in one study compliance in the intervention was

weak, only 46% of participants in the intervention group partic-

ipated in the intervention as planned, and should be taken into

account as a potential bias (Lincoln 2002).

Effects of interventions

See: Summary of findings for the main comparison Cognitive

training for Multiple sclerosis; Summary of findings 2 Cognitive

training combined with other neuropsychological rehabilitation

methods for Multiple sclerosis

Cognitive training

Six original studies (Mattioli 2010; Mendozzi 1998; Shatil 2010;

Solari 2004; Vogt 2008; Vogt 2009) evaluated the effects of di-

rect cognitive training. The target of the intervention was mem-

ory (Mendozzi 1998), working memory (Vogt 2008; Vogt 2009),

memory and attention (Solari 2004), attention, information pro-

cessing and executive functions (Mattioli 2010) and several cog-

nitive functions based on the patient’s individual neuropsycholog-

ical symptoms (Shatil 2010).

In the quasirandomised study of Mattioli (n = 20), the computer-

aided attention, information processing, and executive functions
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training (RehaCom) group was compared to a control group of MS

patients without intervention. Intervention was carried out three

times per week (for 1h) during 12 weeks. MS patients with docu-

mented attention, information processing, and executive problems

were included in the study. The study employed no longitudinal

follow-up and the outcome measures were, in addition to cogni-

tive tests, self-rating questionnaires evaluating mood and quality

of life. Cognitive training resulted in a significant improvement in

tests measuring attention, information processing, and executive

functions, but there was no generalization to other neuropsycho-

logical functions. Furthermore, intervention group showed a sig-

nificant decrease in depression scores compared to control group.

In the quasirandomised study of Mendozzi (n = 60), the com-

puter-aided memory training (RehaCom) group was compared

to computer-aided general attention training group and a control

group without intervention. The intervention was carried out in

both groups twice per week (for 45 min) during eight weeks. MS

patients with documented problems in memory, attention, or re-

action time speed were included in the study. The study employed

no longitudinal follow-up and outcome measures were cognitive

tests. Those MS patients who had received cognitive rehabilitation

performed significantly better on memory tests compared to pa-

tients without intervention. Memory training was more effective

than general attention-based training by resulting improvement in

larger number of tests results. Furthermore, it was reported that a

few patients had benefited from the intervention also in concrete

everyday functions.

In the quasirandomised study of Shatil (n = 107) a personal-

ized, home-based computer-aided cognitive training (CogniFit

Personal Coach, CPC) group was compared to a control group of

MS patients without intervention. Intervention was carried out

three times per week (for 20-30 min) during 12 weeks. The study

employed immediate follow-up (12 weeks post-treatment) and

outcome measures were cognitive tests, as well as mood and fa-

tigue questionnaires and a measure of disability. Cognitive training

resulted in a significant improvement in general memory, visual

working memory and verbal working memory.

In the RCT study of Solari (n = 82), the computer-aided specific

memory and attention training (RehaCom) was compared to un-

specific computer-aided visuoconstructive and visuomotor train-

ing. Intervention was carried out in both groups twice per week

(for 45 min) during eight weeks. The study employed a short-

term follow-up (8 weeks post-treatment) and outcome measures

were cognitive tests, as well as mood and quality of life question-

naires. Regular cognitive stimulation, regardless of its specificity,

was found to have beneficial effects on memory and attention

functions. In both groups, self-reported quality of life also im-

proved immediately post-treatment. Specific memory and atten-

tion training was not more effective than unspecific training either

immediately or in short-term follow-up.

In the quasirandomised study of Vogt (n = 50), an MS group with

home-based computer-aided working memory training (Brain-

Stim) was compared to a control group of MS patients without

intervention. Moreover, the study included a training and a con-

trol group of healthy controls. Intervention was carried out four

times per week (for 45 min) during four weeks. The study em-

ployed no longitudinal follow-up and the outcome measures were,

in addition to cognitive tests, self-rating questionnaires evaluat-

ing fatigue, mood, and disability, as well as the computer log files

recorded during training. After cognitive training, the patients in

the intervention group improved significantly on tests of working

memory and information processing speed, as well as reported sig-

nificantly less fatigue compared to patients without intervention.

Additionally, in two of the three training modules, both patients

and controls were able to master increasing levels of task difficulty

as training proceeded. Since, as a result of the intervention, the

performance of healthy controls also improved, it was concluded

that cognitive training had general beneficial effects on brain func-

tioning.

The study of Vogt 2009 is the same study as Vogt 2008. The

only difference is that in the latter study, the two different train-

ing schedules, high intensity and distributed training, are com-

pared in MS patients. In the study of Vogt 2009 (n = 45), high

intensity home-based computer-aided working memory training

(BrainStim) group was compared to distributed training group

as well as to a control group of MS patients without interven-

tion. The intervention was carried out four times per week (for

45 min.) during four weeks in high intensity training group, and

twice per week (for 45 min.) during eight weeks in distributed

training group. Comparable improvements were observed in both

training groups. Training in both intervention groups led to sig-

nificant improvement in fatigue symptoms as well as in working

memory- and mental speed performances compared to a control

group. Additionally, log files recorded showed increase in levels of

difficulty as training progressed.

Comparison 1: Cognitive training versus any control

Immediate postintervention assessment

Primary outcomes

Analyses on the effects of cognitive training on cognitive perfor-

mance compared to any control (other intervention or no inter-

vention) rendered significant positive effects of cognitive training

on memory span (SMD fixed effects 0.54, 95% CI 0.20 to 0.88,

P = 0.002), working memory (SMD fixed effects 0.33, 95% CI

0.09 to 0.57, P = 0.006), and immediate visual memory (SMD

fixed effects 0.32, 95% CI 0.04 to 0.60, P = 0.02). See Analyses

Analysis 1.3, Analysis 1.4, and Analysis 1.6„ respectively. How-

ever, cognitive training did not result to significant effects on

attention (Analysis 1.1), information processing speed (Analysis

1.2), immediate verbal memory (Analysis 1.5), delayed memory
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(Analysis 1.7), executive functions (Analysis 1.8), or verbal func-

tions (Analysis 1.9). The other our primary outcome, everyday

cognitive performance, was not evaluated on the studies.

Secondary outcomes

Analyses on the effects of cognitive training compared to any con-

trol rendered no significant differences on depression (Analysis

1.10), quality of life (Analysis 1.11), or fatigue (Analysis 1.12).

The other our secondary outcomes, personality, behaviour distur-

bances and anxiety, were not evaluated on the studies.

Longitudinal assessment

Either of the above reported analyses at long-term follow-up (16

weeks) did not render to significant differences. See Analyses

Analysis 2.1, Analysis 2.2, Analysis 2.3, Analysis 2.4, Analysis 2.5,

Analysis 2.6, and Analysis 2.7.

Cognitive training combined with other

neuropsychological rehabilitation methods versus any

control

In six studies (Chiaravalloti 2005; Fink 2010; Hildebrandt 2007;

Jonsson 1993; Lincoln 2002; Tesar 2005) the effects of multi-

modal neuropsychological rehabilitation was evaluated. The inter-

ventions consisted of direct cognitive exercises and learning com-

pensatory strategies. In these studies, the targets of intervention

were working memory, verbal learning, memory, and several cog-

nitive functions.

In the quasirandomised study of Chiaravalloti (n = 29), MS pa-

tients who participated in the specific verbal learning and memory

rehabilitation program (Story Memory Technique, SMT) were

compared to a control group who practiced with similar mate-

rial as the intervention group, but without the SMT. The SMT

was based on the utilization of the visualization and logical con-

text (e.g. story) in the learning and acquisition of new material.

The study included MS patients with documented deficits in new

learning. Intervention was carried out in both groups twice per

week (for 45 min) during four weeks. The study included a short-

term follow-up (7 weeks post-treatment) and the outcome mea-

sures were a cognitive verbal learning test, as well as mood, anx-

iety, and metacognition questionnaires. Significant improvement

was observed in self-reported memory performance and a trend

(not statistically significant) toward improvement in the objective

list learning task in the intervention group when compared with

the control group. The improvement was more significant among

those patients in the intervention group who showed more re-

markable memory deficits.

In the quasirandomised study of Fink (n = 50), a group receiving

rehabilitation program for executive deficits was compared to a

placebo group (computer-aided reaction time training) and to a

control group of patients without intervention. Intervention con-

sisted of training of executive functions and regular meetings with

psychologist to receive feedback and to discuss the exercises. The

intervention was carried out four times per week (for 25-30 min)

during six weeks. The study comprised of immediate and a lon-

gitudinal (one year) follow-ups. Outcome measures were cogni-

tive tests, measures of disability, and MRI parameters. Executive

functioning and verbal learning improved significantly more in

the intervention group than in the other groups. The treatment

effect on verbal learning was still present at one-year follow-up.

Additionally, baseline brain atrophy was associated with treatment

effects for one aspect of executive functioning (response shifting).

In the quasirandomised study of Hildebrandt (n = 42), a group

of MS patients who received computer-aided working memory

and memory training (Vilat-G 1.0) at home were compared to a

control group of patients without intervention. The teaching of a

memory strategy was combined with a special feedback sentence

when the memorized words were typed in a sequence structured

by a common semantic category. The intervention was carried out

five times per week (for 30 min) during six weeks. The study did

not include a longitudinal follow-up and outcome measures were

cognitive tests, and measures of disability, as well as self-rating

questionnaires evaluating mood, fatigue, and quality of life, and

MRI parameters. The intervention group performed significantly

better on verbal learning, long-delay verbal memory, and working

memory tests compared to the control group. The training results

of the Paced Auditory Serial Addition Test (PASAT) requiring

attention and working memory, the California Verbal Learning

Test (CVLT) requiring verbal learning, and the Nine Hole Peg

Test (9HPT) requiring visuomotor skills did interact with Brain

Parenchymal Fraction and, consequently, showed that of brain

atrophy and rehabilitation outcome were related.

In the RCT study of Jonsson (n = 40), the intervention consisting

of direct cognitive training, learning of compensatory strategies

and neuropsychotherapy was compared to general mental stimu-

lation (conversation, games, videos). The target of the interven-

tion was several cognitive functions based on the patient’s individ-

ual neuropsychological symptoms. MS patients with documented

mild or moderate cognitive impairment were included in the study.

The intervention consisted of on average of 17.2 hours (for 1-1.5

h) of rehabilitation during about 6.5 weeks. The study included

short-term follow-up (6 months) and the outcome measures were

cognitive tests, as well as mood and anxiety questionnaires. The

patients in the intervention group reported significantly fewer de-

pressive symptoms than the control subjects both at immediate

and longitudinal follow-up. At longitudinal follow-up, the visu-

ospatial memory performance of the intervention group also im-

proved significantly compared to controls. Results of the study of

Jonsson are reported in Table 2.

In the RCT study of Lincoln (n = 240), the intervention group

which received neuropsychological rehabilitation including cog-

nitive training and learning compensatory strategies based on the
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individual symptoms of the patients was compared to an assess-

ment group which received only neuropsychological evaluation

with feedback, and with a control group without any intervention.

The intervention was reported to be non-intensive (exact inten-

sity was not reported) and lasted for four months. The study in-

cluded short-term (4 months) follow-up, and outcome measures

were mood, quality of life, everyday memory and executive func-

tions questionnaires, as well as measures of disability. Some ques-

tionnaires were filled in by caregiver as well as patients. Evaluation

of cognitive performance was not used as an outcome measure.

Cognitive assessment or intervention were not found to have an

effect on mood, quality of life, subjective cognitive impairment,

or independence in a cognitively heterogeneous group of MS pa-

tients. The patients in the control group evaluated their quality of

life as better than did the patients in the assessment group. How-

ever, the intervention group did not differ from the control group.

In the quasirandomised study of Tesar (n = 20), MS patients who

received computer-aided unspecific cognitive rehabilitation (Re-

haCom) were compared with a control group without interven-

tion. In addition to computer-aided training, the intervention

consisted of learning of compensatory strategies relevant to every-

day life. The study included MS patients with mild or moderate

cognitive impairment. Intervention was carried out three times

per week (for 1 hour) during four weeks. The study comprised

a short-term follow-up (3 months post-treatment) and outcome

measures were cognitive tests, mood and fatigue questionnaires as

well as a follow-up questionnaire about the benefits of the inter-

vention. The intervention group was found to show significant

improvements especially in executive and visuoconstructive as well

as spatial functions compared to the control group. Additionally,

the fatigue symptoms diminished significantly in the intervention

group compared to the control group during the follow-up. Pa-

tients felt that they had been able to integrate the learned com-

pensation strategies into their everyday lives.

Comparison 2: Cognitive training combined with

other neuropsychological rehabilitation methods

versus any control

Immediate postintervention assessment

Primary outcomes

Analyses on the effects of cognitive training combined with

other neuropsychological rehabilitation methods on cognitive per-

formance compared to any control (other intervention or no

intervention) rendered no significant differences on attention

(Analysis 3.1), information processing speed (Analysis 3.2), work-

ing memory (Analysis 3.3), immediate verbal memory (Analysis

3.4), immediate visual memory (Analysis 3.5), delayed memory

(Analysis 3.6), executive functions (Analysis 3.7), or visual func-

tions (Analysis 3.8).

Analyses on the effects of cognitive training combined with other

neuropsychological rehabilitation methods compared to any con-

trol rendered no significant differences on patient’s (Analysis 3.9)

or carer’s (Analysis 3.10) reported everyday cognitive performance.

Secondary outcomes

Analyses on the effects of cognitive training combined with other

neuropsychological rehabilitation methods compared to any con-

trol rendered no significant differences on depression (Analysis

3.11), quality of life (Analysis 3.12), fatigue (Analysis 3.13), or

anxiety (Analysis 3.14). The other our secondary outcomes, per-

sonality and behaviour disturbances, were not evaluated on these

studies.

Longitudinal assessment

Same analyses at long-term follow-up (mean 27.8, range 11-52

weeks) neither did render to significant differences. See Analyses

Analysis 4.1, Analysis 4.2, Analysis 4.3, Analysis 4.4, Analysis 4.5,

Analysis 4.6, Analysis 4.7, Analysis 4.10, Analysis 4.11, Analysis

4.12, Analysis 4.8, and Analysis 4.9.

Multimodal neuropsychological rehabilitation

Two studies (Benedict 2000; Mendoza 2001) evaluated the effects

of multimodal neuropsychological rehabilitation, in one of these

(Benedict 2000), the target of the intervention was behavioral

problems and in another (Mendoza 2001) the use of a notebook

was exploited in order to intensify the observation of the actual

needs of institutionalized patients.

In the RCT study of Benedict (n = 15), cognitive-behavioral inter-

vention was compared to supportive psychotherapy. The interven-

tion aimed at enhancing patients’ and caregivers’ understanding of

the patient’s neuropsychological symptoms (metacognition), im-

proving the patient’s capacity to appreciate the perspective of oth-

ers (social skills), and reducing the frequency of socially aggres-

sive behavior (behavior control). The study included MS patients

with marked cognitive and behavioral problems. Intervention was

carried out in both groups once per week (for 1 hour) during

12 weeks. The study did not include a longitudinal follow-up,

and outcome measures were a mood questionnaire and caregivers’

ratings of the patient’s personality and socially aggressive behav-

ior. Patients who underwent the intervention showed significantly

more positive response on measures of social behavior compared

to patients in the control group; based on the caregivers’ ratings

neuropsychological counseling reduced disinhibition and socially

aggressive behavior.

In the quasirandomised study of Mendoza (n = 20), intervention

group, in which memory notebooks were systematically exploited

to intensify the observation of institutionalized patients’ needs,
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were compared to the control group who did not receive any in-

tervention, only normal treatment routines. The study included

patients with documented decline in cognitive performances. The

nursing staff who participated in the intervention received train-

ing in MS-related cognitive deficits from a neuropsychologist, and

the rationale for using the memory notebooks, as well as the pa-

tient’s individual neurocognitive strengths and weaknesses. The

nursing staff wrote down the patient’s actual needs in the note-

book and reviewing the notebook was marked with entries to indi-

cate that the patient’s needs were recorded. When appropriate, the

staff offered special assistance, as indicated by the patient’s note-

book entries. Intervention lasted two months. The study did not

include a longitudinal follow-up, and the outcome measures were

cognitive tests, and a mood questionnaire, as well as assessment

of the patient’s activity level. Patients in the intervention group

reported significantly fewer depressive symptoms and participated

more often in the voluntary activities of the treatment facility (did

not reach statistical significance) than the patients in the control

group. Main results of the studies of Benedict 2000 and Mendoza

2001 are reported in Table 3.

Sensitivity analyses

Exclusion of studies in which concealment of allocation had been

inadequate resulted into exclusion of four studies (Mattioli 2010;

Mendozzi 1998; Shatil 2010; Vogt 2008) and thus only one study

(Solari 2004) was included into meta-analysis evaluating the ef-

fects of cognitive training. In studies evaluating the effects of cog-

nitive training combined with other neuropsychological rehabili-

tation methods also four studies (Chiaravalloti 2005; Fink 2010;

Hildebrandt 2007; Tesar 2005) were excluded and only one study

(Lincoln 2002) was included into meta-analysis. None of these

analyses rendered to significant effects.

Exclusion of studies in which outcome evaluation was not blinded

or blinding remained unclear resulted into exclusion of two studies

(Shatil 2010; Vogt 2008) and inclusion of three studies (Mattioli

2010; Mendozzi 1998; Solari 2004) into meta-analysis evaluat-

ing the effects of cognitive training. Analysis revealed significant

positive effects of cognitive training on memory span (SMD fixed

effects 0.63, 95% CI 0.24 to 1.02, P = 0.001). Other analyses

were not significant. In studies evaluating the effects of cognitive

training combined with other neuropsychological rehabilitation

methods one study (Tesar 2005) was excluded and four studies

(Chiaravalloti 2005; Fink 2010; Hildebrandt 2007; Lincoln 2002)

were included into meta-analysis. None of these analyses rendered

to significant effects.

Exclusion of studies in which loss to follow-up remained unclear or

was greater than 20% resulted into exclusion of one study (Shatil

2010) and inclusion of four studies (Mattioli 2010; Mendozzi

1998; Solari 2004; Vogt 2008) into meta-analysis evaluating the

effects of cognitive training. Analysis revealed significant positive

effects of cognitive training on executive functions (MD fixed ef-

fects 22.30, 95% CI 6.16 to 38.44, P = 0.007). Other analyses were

not significant. In studies evaluating the effects of cognitive train-

ing combined with other neuropsychological rehabilitation meth-

ods two studies (Fink 2010; Hildebrandt 2007) were excluded and

three studies (Chiaravalloti 2005; Lincoln 2002; Tesar 2005) were

included into meta-analysis. None of these analyses rendered to

significant effects.
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A D D I T I O N A L S U M M A R Y O F F I N D I N G S [Explanation]

Cognitive training combined with other neuropsychological rehabilitation methods for Multiple sclerosis

Patient or population: patients with Multiple sclerosis

Settings: Randomised studies

Intervention: Cognitive training combined with other neuropsychological rehabilitation methods

Outcomes Illustrative comparative risks* (95% CI) Relative effect

(95% CI)

No of Participants

(studies)

Quality of the evidence

(GRADE)

Comments

Assumed risk Corresponding risk

Control Cognitive training com-

bined with other neu-

ropsychological rehabil-

itation methods

Attention The mean Attention in the

intervention groups was

0.09 standard deviations

higher

(0.3 lower to 0.48 higher)
1

103

(2 studies)

⊕⊕©©

low2,3

SMD 0.09 (-0.3 to 0.48),

P = 0.65

Information processing

speed

The mean Information

processing speed in the

intervention groups was

0.05 standard deviations

higher

(0.27 lower to 0.36

higher)

181

(3 studies)

⊕©©©

very low3,4

SMD 0.05 (-0.27 to 0.36)

, P = 0.77

Immediate verbal mem-

ory

The mean Immediate ver-

bal memory in the inter-

vention groups was

0.32 standard deviations

higher

129

(4 studies)

⊕©©©

very low3,4

SMD 0.32 (-0.04 to 0.68)

, P = 0.08
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(0.04 lower to 0.68

higher)

Executive functions The mean Executive func-

tions in the intervention

groups was

0.06 standard deviations

lower

(0.5 lower to 0.37 higher)

99

(2 studies)

⊕©©©

very low3,4

SMD -0.06 (-0.5 to 0.37)

, P = 0.77

Everyday cognitive per-

formance / patient’s re-

port

The mean Everyday cog-

nitive performance / pa-

tient’s report in the inter-

vention groups was

0.05 standard deviations

lower

(0.2 lower to 0.11 higher)

693

(2 studies)

⊕⊕⊕©

moderate2

SMD -0.05 (-0.2 to 0.11)

, P = 0.57

Depression The mean Depression in

the intervention groups

was

0.25 higher

(2.12 lower to 2.62

higher)

89

(3 studies)

⊕⊕©©

low2,3

MD 0.25 (2.12 to 2.62),

P = 0.84

Fatigue The mean Fatigue in the

intervention groups was

0.19 standard deviations

lower

(0.7 lower to 0.32 higher)

61

(2 studies)

⊕⊕©©

low2,3

SMD -0.19 (-0.7 to 0.32)

, P = 0.47

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the

assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: Confidence interval;
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GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

1 Higher values indicate better performance in all outcomes.
2 One crucial limitation in the implementation of the study.
3 Low number of participants.
4 Several crucial limitations in the implementation of the study.
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D I S C U S S I O N

Summary of main results

This review evaluated the effects on neuropsychological rehabil-

itation in MS based on the RCTs and quasirandomised studies

published on the subject. Fourteen studies were identified in a

comprehensive and systematic literature search and analysis, the

sample consisting of altogether 770 MS patients.

The review indicates that cognitive training improves mem-

ory span, working memory, and immediate visual memory (See

Summary of findings for the main comparison). However, al-

though cognitive training rendered significant effects on subcat-

egories of cognitive performance, the majority of comparisons

yielded no significant results. There was no evidence of an effect

of cognitive training combined with other neuropsychological re-

habilitation methods on cognitive functions, everyday cognitive

functions, mood, fatigue, personality, anxiety or quality of life

(Summary of findings 2). However, although the pooled results

in the meta-analyses yielded no significant findings, twelve of the

fourteen studies showed evidence of the positive effects of neu-

ropsychological rehabilitation in MS when the results were indi-

vidually evaluated.

Overall completeness and applicability of
evidence

Population, interventions, and outcome measures of

the studies

Population

The disease course, severity and duration, as well as the cogni-

tive status of the MS patients in the original studies were hetero-

geneous. Half of the studies (50%, n = 7) included MS patients

despite their normal cognitive status. The primary aim of reha-

bilitation is to reduce the existing symptoms or to support the

management of them, so it is not meaningful to include patients

without any cognitive problems. When employing both patients

with and without cognitive impairments, the evaluation of the

outcomes regarding the effectiveness of the rehabilitation can be

distorted. However, half of the studies (50%, n = 7) included only

MS patients with either self-reported and/or documented cog-

nitive impairment. When relying only on self-reports, it should

be taken into account that self-reports of MS patients on their

cognitive performance can be unreliable, a fact that has been no-

ticed in many previous studies (e.g. Benedict 2003; Carone 2005;

Sherman 2007).

In the studies, MS patients were mainly handled as a single group

without dividing them into cognitively more homogeneous sub-

groups. This may also distort and flatten the results, because the

effects of the neuropsychological intervention are probably dif-

ferent in patients with different severity of cognitive impairment.

Consequently, different kinds of rehabilitation procedures may be

needed for. Only in one study (Chiaravalloti 2005), and even so

not until afterwards, were the results of the intervention inspected

separately in patients with mild and moderate/severe cognitive

impairment. The intervention was found to be especially effec-

tive when the memory deficits were moderate to severe. In further

studies it is imprtant to include an objective baseline assessment of

cognitive status of patients, and to evaluate the effects of the inter-

vention in a sufficiently large group of cognitively homogeneous

patients. Furthermore, the course and severity of the disease and

other relevant disease variables should be clearly reported in the

studies. This could offer important extra information about which

MS patients benefit most from the rehabilitation, and to which

patient populations the results may be generalized, thus helping

to focus limited resources especially to those who need and could

benefit from the interventions.

Interventions

The interventions differented from each other among all the stud-

ies included in the review. Moreover, the duration and frequency of

the interventions varied significantly. In addition to heterogeneity

between the studies, also within-study variation occurred. Jonsson,

Lincoln, and Tesar tailored the interventions according to each

patient’s individual symptoms. Therefore, standardization and di-

rect comparison of the interventions was not possible. However,

two subgroups of intervention types could be created - cognitive

training and cognitive training combined with other neuropsy-

chological rehabilitation methods. This variability also reflects the

everyday reality of clinical practice; due to the heterogeneity of MS

patients’ neuropsychological symptoms, the rehabilitation has to

be tailored individually to each patient’s needs. However, research

settings usually focus only on specific rehabilitation methods be-

cause specific methods can be precisely described. These kind of

settings are not necessarily able to take into account the patient’s

individual needs and not necessarily are based on the neuropsy-

chological examination. Therefore, both the research settings and

also the conducted meta-analyses may ignore the individual nature

of neuropsychological rehabilitation and thus flatten the results.

Additionally, in some studies (Benedict 2000; Chiaravalloti 2005;

Fink 2010; Jonsson 1993; Mendozzi 1998; Solari 2004) cognitive

training was compared to other active treatments (e.g. spesific ver-

sus unspesific cognitive training), thus masking potentially bene-

ficial effects. Cognitive tasks used as a control intervention, may

require some degree of the same cognitive processes which were

rehabilitated in the actual intervention. Although cognitive func-

tions are theoretically distinguishable, they are highly complex,

modular, and interactive systems.
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The number of intervention sessions varied from 8 to 36, duration

of rehabilitation intervention from four weeks to four months,

and frequency from one to five times per week. When analyzing

the results with regard to the number of sessions, duration, and

frequency, no definite conclusions can be drawn about the effect

of these factors on rehabilitation outcome.

Future studies should define a clear aim for the interventions be-

forehand. The interventions should be reported in detail to enable

more accurate evaluation and repetition.

Outcome measures

Careful selection of the outcome measures is essential because elic-

itation of the treatment effects is naturally possible only in the fac-

tors covered by the outcome measures. The effects not evaluated

by the measurements remain undocumented even if they have oc-

curred. Cognitive tests and various questionnaires were most often

used as outcome measures in the original studies. Outcome mea-

sures were mainly commonly known, validated methods. How-

ever, both the cognitive tests and the questionnaires used varied

considerably between studies. The most commonly used outcome

measure was the Beck Depression Inventory (BDI) which was used

in 43% of studies (n = 6), three of them showing a positive response

from rehabilitation. However, it should be taken into account that

the BDI was not originally designed to be used in showing the

effects of rehabilitation but in evaluating the severity of depressive

symptoms (Beck 1961).

Because of the variety in nature and aims of the neuropsycholog-

ical interventions, it is only natural that a diversity of outcome

measures was used. However, with multiple significance testing,

the risk of making a type one error increases, in other words, there

is a risk of incorrectly concluding that the intervention has had an

effect. The use of a Bonferroni adjusted critical significance level

can partly reduce this risk, but none of the studies adopted this

method. For later meta-analyses, it would be beneficial if greater

consensus could be achieved regarding the selection of standard-

ised measures for use in outcome evaluation. Furthermore, the re-

liability of the findings can be lost if similar methods are used as

training material and as outcome measures.

The outcome measures should be focused on the functions tar-

geted in the rehabilitation so that the effects of the intervention

program can be realistically evaluated. Only two studies (Fink

2010; Solari 2004) separately specified the primary outcome mea-

sure and other secondary measures. Prior definition of one or two

primary outcome measures could reduce the statistical problems

of multiple comparisons and make the primary findings of the

study more transparent. Realization of the fore-set aim of the in-

tervention should be measured with the primary outcome mea-

sure, which in specific cognitive training can be, e.g. a few central

cognitive variables targeted in the intervention. Instead, differ-

ent questionnaires (mood, fatigue, metacognition etc) can act as

a primary measure of a more multimodal cognitive rehabilitation

depending on the targets of the intervention. One method could

also be to define the individual aim and to measure it using a scale

such as, e.g. GAS (Goal Attainment Scaling). Furthermore, basic

statistical information with exact numeric information and assess-

ment timing should also be reported for all outcome measures.

When evaluating the effects of rehabilitation intervention, the aim

should be to use measures which reflect, in addition to the sever-

ity of a symptom, also its effects on everyday activities, and how

the patient copes with the symptom or problem. This is espe-

cially relevant in a progressive disease as the main aim of reha-

bilitation interventions may not be to reduce the severity of the

symptom but to alleviate the effects of the symptom on everyday

life, and to support the patient in coping with it. It is questionable

whether the change in the cognitive test performance also reflects

the real change in everyday functions when the rehabilitation is

based on individual aims relating to everyday functions (Wilson

2008). Even in studies in which the main aim of the intervention

is to teach compensatory strategies, the real benefits of the inter-

vention do not necessarily become evident in outcome measures

not reflecting the use of such strategies (Cicerone 2000). Ideally,

measures should reflect meaningful functional improvements such

as the use of compensatory strategies to fulfil real-life demands,

performance in everyday activities, changes in level of productiv-

ity, or measures of subjective well-being (Cicerone 2000). Future

studies should include measures to evaluate more extensive func-

tional capacity and, in this way, possibly uncover the generaliza-

tion effects on the patient’s everyday functions. In addition to gen-

eral measures, methods enabling us to measure the achievement

of individual aims relating to everyday functions are needed. Fur-

thermore, further studies should aim at performing longer follow-

ups to determine the longer-lasting effects of rehabilitation inter-

ventions.

Quality of the evidence

Quality of the evidence in most of the outcomes was low or very

low (See ’Summary of findings for the main comparison; Summary

of findings 2’). The strength of the findings of our review is limited

due to the small number of studies, as well as the small sample sizes

and methodological weaknesses occurring in most of the studies.

However, we did not exclude studies due to their low quality be-

cause the sample was already otherwise small. Instead, we evalu-

ated the risk of bias of each study and quality of the evidence which

helps to emphasize the available research findings by taking into

account their quality. This enables us to report also the limited

evidence based on the lower quality studies which, however, is the

best evidence available at the time.

Most studies with two groups employed inappropriate randomi-

sation method. In these situations, the possible difference between

the groups may be due to the biased selection of patients into the

groups. Moreover, in several studies, the fact that the methods

applied in them were not described in sufficient detail hampered

their risk of bias assessment.
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The blinding of therapists or subjects is usually not possible in

research settings evaluating the effectiveness of rehabilitation due

to the nature of the interventions. These deficiencies in blinding

were also the most usually occurring deficiencies in the evaluated

research settings. However, blinding of the assessor or the person

interpreting the results may be possible, and this can partly reduce

the possibility of bias. This was realized slightly better in the stud-

ies, although only single study reported how the blinding of the

assessor was actually succeeded. Best realized issues were incom-

plete outcome data addressing and selective reporting, with only

few studies failing to report them.

Comprehensive risk of bias (e.g. Cochrane Collaboration’s risk of
bias assessment tool/Higgins 2011) and quality assessment criteria

(e.g. Van Tulder 2003) can act as a guiding principle when con-

structing the research settings. When the criteria for a high quality

study are taken into account already in the planning of the study,

the basis for a successful and effective study is created. To fulfil all

criteria is almost impossible in neuropsychological interventions,

because the treatment is based on interaction between patients and

health care professionals, e.g. the blinding of patient and therapist

is rarely possible unlike in the studies on the effects of medications.

Although it may be problematic to apply the existing quality cri-

teria to the studies on rehabilitation effect, it is nonetheless better

to operate according to some consistent criteria than without any

guidelines.

Potential biases in the review process

We attempted to reduce bias in the review process by performing a

comprehensive search and ensuring that two independent authors

judged the relevance, risk of bias, and content of the included

studies. Although our search was comprehensive and we included

studies identified in languages other than English, we cannot rule

out the possibility that some studies have been missed. Publication

bias can also be increased by the fact that relevant studies with

unclear or negative results may have remain unpublished.

Agreements and disagreements with other
studies or reviews

There are two previous systematic reviews evaluating the effects of

neuropsychological rehabilitation in MS. In the review of Thomas

et al. (Thomas 2006), the effects of psychological interventions

in MS was evaluated based on the evidence of 16 randomised

controlled trials (RCTs). However, only five of these trials were

neuropsychological interventions and therefore the review did not

cover comprehensively the literature on neuropsychological reha-

bilitation. The review concluded that there is some, although un-

clear, evidence about the effects of cognitive rehabilitation in MS.

The large number of outcome measures and small sample sizes

were pointed out as hampering the interpretations.

In the review of O’Brien et al. (O’Brien 2008), the effects of cog-

nitive rehabilitation in MS was evaluated based on the evidence of

16 (four RCTs, five controlled clinical trials (CCTs), seven uncon-

trolled studies) trials. According to the conclusions of this review,

for MS patients’ verbal memory and learning, two rehabilitation

methods can be recommended: 1) story memory technique, and

2) self-generation (self-generating/modifying the memorised ma-

terial). According to the review, there is preliminary, but not suffi-

cient, evidence to make any recommendations about the effects of

the rehabilitation of attention and executive functions and general

cognitive rehabilitation. In all, according to the review, cognitive

rehabilitation in MS is in it’s infancy and more research is needed.

According to the present review there are preliminary positive find-

ings about the effects of neuropsychological rehabilitation in MS.

In line with the findings of the review of O’Brien et al. (O’Brien

2008) our review indicates that cognitive training can improve

especially memory functions, while for other cognitive functions

- attention, information processing speed, executive, verbal and

visual functions - no significant evidence of an effect was found.

It should, however, be noted that none of the studies specificially

aimed at improving those functions only. Furthermore, consistent

with previous reviews, the present review highlights the need for

high quality studies on the topic.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

The review indicates low level evidence for the positive effects of

neuropsychological rehabilitation in MS. Interventions included

in the review were heterogeneous; consequently, clinical inferences

can only be drawn from single studies. Therefore, new trials may

change the strength and direction of the evidence. The decisions

about MS patients neuropsychological rehabilitation have to be

based on theoretical and empirical knowledge in addition to re-

search evidence. According to clinical experience, MS patient’s

ablility to manage with disease-related cognitive symptoms can be

promoted by individually planned neuropsychological rehabilita-

tion.

Implications for research

The review raises concerns about the quality of the studies evalu-

ating the effects of neuropsychological rehabilitation in MS. On

the basis of the results of the current review the actions specified in

Table 4 are recommended to improve the quality of future studies.

It should be kept in mind that the currently more widely used risk

of bias, such as Cochrane Collaboration’s risk of bias assessment tool
(Higgins 2011) and quality assessment criteria, such as those of

Van Tulder et al. (Van Tulder 2003) are somewhat problematic

in the evaluation of psychological interventions, e.g. the blind-

ing of patients and therapists is rarely possible. In future, the aim
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should be to modify the criteria to better serve also different psy-

chological interventions. Regardless of the criteria used, unifying

the assessment and report practices concerning the effectiveness of

interventions can be regarded as a golden aim. It is impossible to

collect and analyse research evidence and conduct meta-analyses

if the recommendations for high quality studies are not followed.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Benedict 2000

Methods RCT. Single center trial. Country: USA.

Participants N = 15, Intervention: 8, Control: 7. Additionally, healthy controls: 15

Age: Intervention: 47.9 (6.6), Control: 41.4 (12.2), Healthy controls: 43.5 (9.4)

Gender (female/male): Intervention: 5/3, Control: 5/2, Healthy controls: 11/4

Education years: Intervention: 14.3 (2.1), Control: 13.4 (2.2), Healthy controls: 13.9

(1.8)

MS disease course: Intervention: 8 SP, Control: 6 SP, 1 PP

EDSS: Intervention: 4.9 (2.2), Control: 5.1 (2.6)

Duration of disease (years): Not reported

Exclusion criteria: History of neurological disease other than MS. Drug or alcohol de-

pendence. Psychiatric disease. Depressive disorder. Clinical MS relapse. Corticosterooid

treatment within 3 weeks prior to participation

Interventions Intervention: Neuropsychological Compensatory Training, NCT: Aim: To enhance

patient and caregiver understanding of MS-related deficits in cognitive functions, per-

sonality, and behavior, and improve adaptive function by psychoeducational and cogni-

tive-behavioral methods

Three main aims:

1) To teach the patient and caregiver to understand the neurological basis of cognitive

impairment, pathological affect, and abnormal social behavior (in other words, abnormal

behavior is due to neurological injury)

2) To improve the patient’s capacity to appreciate the perspective of others (social

skills training exercises, attentive listening, perspective taking, facilitative communica-

tion practiced by role-playing and audiotaping of spontaneous conversation)

3) To diminish the frequency of socially aggressive behavior (cognitive-behavioral strate-

gies taught to enhance patient self-control and behavior regulation)

Number of sessions: 12 x 1 h. Duration: 12 weeks. Frequency: Once per week

Control: Unspecific supportive psychotherapy, NSP: Aim: To foster personality

growth and behavior change through emotional support and clinician empathy, and to

help with stress modulation

Number of sessions, duration, and frequency: Same as in intervention group

Outcomes Primary and secondary outcomes:

Beck Depression Inventory (BDI)

Hogan Empathy Scale (HES) (caregiver reported)

NEO-Personality Inventory (NEO-PI)

Modified Social Aggression Scale (caregiver reported)

Assessment timing: Baseline and immediate follow-up (12 - 14 weeks)

Notes Domain targeted: Behaviour regulation.

Risk of bias
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Benedict 2000 (Continued)

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Assignment by random number table.

Allocation concealment (selection bias) High risk Author’s definition: ’Patients were assigned

in sequence by a randomized schedule but

not by a person independent of the eligibil-

ity determination and the allocation was not

concealed’

Blinding (performance bias and detection

bias)

Personnel

High risk

Blinding (performance bias and detection

bias)

Outcome assessor

Low risk

Incomplete outcome data (attrition bias)

All outcomes

Low risk Drop-outs: 0 (0%).

Selective reporting (reporting bias) Low risk

Other bias Low risk

Chiaravalloti 2005

Methods Quasi-randomised trial. Single center trial. Country: USA.

Participants N = 29, Intervention: 15 , Control: 14

Age: Intervention: 45.1 (13.8), Control: 46.0 (9.3)

Gender (female/male): Intervention: 64% female, Control: 57% female

Education years: Intervention: 14.6 (2.7), Control: 15.0 (2.8)

MS disease course: 17 RR, 4 PP, 7 SP

Ambulation index: Intervention: 3.2 (2.8), Control: 2.4 (2.6)

Duration of disease (years): Intervention: 14.0 (8.4), Control: 8.4 (5.0)

Exclusion criteria: Age over 69 years. History of neurological disorder other than MS.

Alcohol or drug abuse. Bipolar disorder. Psychotic disorder. Schizophrenia. Head injury

resulting in more than 30 minutes loss of consciousness. No MS relapse during one

month. No problems in new learning (the performance of MS patients should be at least

one standard deviation lower in BSR than the normative values). Impaired attention and

verbal comprehension

Interventions Intervention: Aim: To strengthen the acquisition of new information into long-term

memory by improving the quality of acquisition (context and imagery). This was aimed

at through learning the Story Memory Technique (SMT)

Patients were taught to:
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Chiaravalloti 2005 (Continued)

1) Use visualization (i.e. imagery) to facilitate new learning (sessions 1-4)

2) Utilize context to learn new information (e.g. story) even if information is seemingly

unrelated (sessions 5-8)

Number of sessions: 8 x 45 min. Duration: 4 weeks. Frequency: Twice per week

Control: Same tasks as in intervention group but without Story Memory Technique

(SMT)

Reading a story and recalling as much as possible, after which they were asked specific

questions about the story

Number of sessions, duration, and frequency: Same as in intervention group

Outcomes Primary and secondary outcomes:

Hopkins Verbal Learning Test-revised (HVLT-R)

Memory Functioning Questionnaire (MFQ)

Beck Depression Inventory (BDI)

State Trait Anxiety Inventory (STAI)

Assessment timing: Baseline, immediate follow-up (6 weeks), and longitudinal follow-

up (11 weeks)

Notes Cognitive domain targeted: Verbal learning and learning.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Assignment based on alternation (‘odd and

even numbers’).

Allocation concealment (selection bias) High risk Assignment based on alternation.

Blinding (performance bias and detection

bias)

Participant

Low risk

Blinding (performance bias and detection

bias)

Personnel

High risk

Blinding (performance bias and detection

bias)

Outcome assessor

Low risk

Incomplete outcome data (attrition bias)

All outcomes

Low risk Drop-outs: 1 (3%) (Intervention:1, Con-

trol:0).

Selective reporting (reporting bias) Low risk

Other bias High risk Significant difference between intervention

and control groups in duration of disease
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Fink 2010

Methods Quasi-randomised trial. Single center trial. Country: Germany.

Participants N = 50, Intervention: 14 , Placebo: 17, Control: 19

Age: 44.8 (8.2)

Gender (female/male): 41/9

Education years: Not reported

MS disease course: 50 RR

EDSS: Not reported

Duration of disease (years): 7.7 (7.7)

Exclusion criteria: Corticosteroid treatment during the last four weeks before enrolment.

EDSS > 7. Neuropsychiatric disorder. Dementia. Relapse during the study phase

Interventions Intervention: Aim: To ease executive deficits by self-training and receiving feedback and

discussing the exercises with a psychologist

Textbook exercises for executive functioning and meeting with a psychologist weekly for

1.5 hours to receive feedback and to discuss the exercises

Number of sessions: 24 x 25-30 min. Duration: 6 weeks. Frequency: Four times per

week.

Placebo control: Reaction capacity subtest of the computer-aided rehabilitation program

(RehaCom). Participants had to respond fast and accurately to visual stimuli. They had

to call the psychologist once a week to report the time having spent on training

Number of sessions: 30 x 40 min. Duration: 6 weeks. Frequency: Five times per week.

Control: No intervention

Outcomes Primary outcomes:

Preference shifting, response shifting, 2-back (computer-based)

Secondary outcomes:

California Verbal Learning Test (CVLT)

Wechsler Adult Intelligence Scale/short form (WIP)

Expanded Disability Status Scale (EDSS)

Multiple Sclerosis Functional Composite (MSFC)

Brain parenchymal fraction (BRF)

Assessment timing: Baseline, immediate follow-up (6 weeks), and longitudinal follow-

up (one year)

Notes Cognitive domain targeted: Executive functions.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Patients were appointed to one of three

groups. In title mentioned ‘pseudo-ran-

domised study’

Allocation concealment (selection bias) High risk Patients were appointed to one of three

groups. In title mentioned ‘pseudo-ran-

domised study’
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Fink 2010 (Continued)

Blinding (performance bias and detection

bias)

Participant

Low risk

Blinding (performance bias and detection

bias)

Personnel

High risk

Blinding (performance bias and detection

bias)

Outcome assessor

Low risk

Incomplete outcome data (attrition bias)

All outcomes

High risk Drop-outs: Post-treatment: 10 (20%) (In-

tervention: 3, Placebo: 3, Control: 4). One

year follow-up: 30 (60%) (Intervention: 8,

Placebo: 9, Control: 13)

Selective reporting (reporting bias) High risk Results of part of the outcome measures

(short form of the Wechsler Adult Intelli-

gence Scale and Multiple Sclerosis Func-

tional Composite) not reported

Other bias Unclear risk Exact baseline characteristics per groups

were not reported, it remained unclear

whether groups were similar e.g. with re-

gards to education

Hildebrandt 2007

Methods Quasi-randomised trial. Single center trial. Country: Germany.

Participants N = 42, Intervention: 17, Control: 25

Age: Intervention: 42.4, Control: 36.5

Gender (female/male): Intervention: 12/5, Control: 13/12

Education years: Intervention: 11.6, Control: 11.2

MS disease course: Intervention: 17 RR, Control: 25 RR

EDSS: Intervention: 2.9, Control: 2.7

Duration of disease (years): Intervention: 5.4, Control: 4.5

Exclusion criteria: EDSS over 7. Current or past medical illness or psychiatric disorder.

Substance abuse. At least 4 weeks from corticosteroid treatment

Interventions Intervention: Aim: To strengthen working memory by direct exercises and teaching

memory strategies. This was aimed at through computer-aided (VILAT-G 1.0) training

Patients received a compact disk (CD) for home-based training to learn a word list.

Subsequently, a series of calculation tasks were presented. The calculations relied heavily

on working memory, because three numbers had to be added or subtracted without

help of paper and pencil. Moreover, the result of the previous calculation had to be

remembered and compared with the actual task. After series of calculations (2-15) the
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Hildebrandt 2007 (Continued)

program asked the patient to recall the word list earlier learned. Typing the memorized

words in a sequence that was structured by a common semantic category was rewarded

by a special feedback sentence. The number of words and calculations were selfadapted

to the performance level

Number of sessions: 30 x 30 min. Duration: 6 weeks. Frequency: Five times per week

The intensity or frequency of home-based training was not controlled

Control: No intervention.

Outcomes Primary and secondary outcomes:

Expanded Disability Status Scale (EDSS)

Multiple Sclerosis Functional Composite (MSFC) including components: Nine-Hole

Peg Test (9HPT), Timed 25-Foot Walk (TWT), and Paced Auditory Serial Addition

Test (PASAT)

California Verbal Learning Test (CVLT)

Test battery of attention (TAP) / Object alternation & Alertness test

Beck Depression Inventory (BDI)

Fatigue Severity Scale (FSS)

SF-36 Health Questionnaire (short form)

MRI-parameters (brain atrophy)

Assessment timing: Baseline and immediate follow-up (8 weeks; 2 weeks post treatment)

Notes Cognitive domain targeted: Working memory, learning and memory recall

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Assignment based on alternation.

Allocation concealment (selection bias) High risk Assignment based on alternation.

Blinding (performance bias and detection

bias)

Participant

High risk There were no personnel in this study.

Training was carried out by participant

him/herself with computer-aided program

Blinding (performance bias and detection

bias)

Personnel

Low risk There were no personnel in this study.

Training was carried out by participant

him/herself with computer-aided program

Blinding (performance bias and detection

bias)

Outcome assessor

Low risk

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Drop-outs not reported.

Selective reporting (reporting bias) Low risk
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Hildebrandt 2007 (Continued)

Other bias High risk Significant difference between intervention

and control groups in age and gender

Jonsson 1993

Methods RCT. Single center trial. Country: Denmark.

Participants N = 40, Intervention: 20, Control: 20

Age: Intervention: 46.1 (7.3), Control: 43.0 (9.0)

Gender (female/male): Intervention: 9/11, Control: 10/10

Education years: Intervention: 10.9 (2.0), Control: 12.2 (2.9)

MS disease course: 6 RR, 25 SP, 9 PP

EDSS: Intervention: 5.6 (1.7), Control: 5.6 (1.8)

Duration of disease (years): Intervention: 15.0 (11.2), Control: 15.1 (8.5)

Exclusion criteria: Neurological disease other than MS. Psychiatric disease unrelated

to MS. Age over 60 years. Severe visual impairment. Severe motor dysfunction of arms

or hands. Very severe cognitive impairment. History of alcohol or drug abuse. Regular

use of psychopharmacia or analgesics. Foreigner. No cognitive impairment verified by

neuropsychological testing

Interventions Intervention: Aim: To alleviate the patient’s individual neuropsychological symptoms

through cognitive training and neuropsychotherapy.

The cognitive training employed the common principles in cognitive rehabilitation pro-

grams consisting of compensation, substitution, and cognitive training

Cognitive training of concentration was done with compiled, inverted, and mirror-

written text, “two-in-one” pictures, labyrinths etc.

Memory was trained both directly and by learning compensatory strategies (visualization

using pictures of increasing complexity, shopping lists and appointments, calendar). The

calendar was also used for planning daily activities. Stories were read aloud and the

patient was encouraged to visualize and then retell the stories in order to learn how to

structure a text

Patients with visuospatial difficulties were trained partly with mosaic games, being cor-

rected and urged to work slowly and systematically, and partly with practical exercises

such as walking or wheel-chair driving in and outside the hospital

Along with the cognitive training, the patients took part in neuropsychotherapy to realize

and accept their present cognitive and behavioral level of functioning, learning how to

best use their available resources.

Number of sessions: 1-1.5 h each session, in all mean 17.3 h. Duration: About 6.5 weeks.

Frequency: Three times per week

Control: Unspecific mental stimulation:

Watching and discussing different kinds of films. Reading and discussing newspaper

articles. Playing games. Discussing personal problems and problems concerning disease

acceptance

Number of sessions: 1-1.5 h each session, in all mean 17.1 h. Duration and frequency:

Same as in intervention group
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Jonsson 1993 (Continued)

Outcomes Primary and secondary outcomes:

Wechsler Adult Intelligence Scale-revised (WAIS-R) / Digit span

Sentence repetition

Associative learning

List learning

Visual gestalts, learning, and retention.

WAIS-R / Block Design

Trailmaking

Symbol Digit Modalities Test (SDMT)

Street

WAIS-R / Similarities

WAIS-R / Picture arrangement

Beck Depression Inventory (BDI)

State-Trait Anxiety Inventory (STAI)

Asessment timing: Baseline, immediate follow-up (on day 45.6 (mean) after the 1st

testing), and longitudinal follow-up (6 months)

Notes Cognitive domain targeted: Several cognitive functions.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Randomised assignment with sealed

opaque envelope system.

Allocation concealment (selection bias) Low risk Randomised assignment with sealed

opaque envelope system.

Blinding (performance bias and detection

bias)

Personnel

High risk

Blinding (performance bias and detection

bias)

Outcome assessor

High risk No patient was tested and treated by the

same neuropsychologist. However, authors

realized quite early that the intended blind

study was not possible, since just a few

words from the patient indicated which

treatment had been given

Incomplete outcome data (attrition bias)

All outcomes

High risk Drop-outs: 8 (20%) (Intervention: 4, Con-

trol: 4).

Selective reporting (reporting bias) High risk Pre-treatment evaluation was done with

neuropsychological test battery including

41 measures of cognitive performance.

However, post-treatment evaluation was

done only with 25 cognitive tests. “We se-

38Neuropsychological rehabilitation for multiple sclerosis (Review)

Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Jonsson 1993 (Continued)

lected 25 cognitive tests from the original

battery, excluding some tests with known

high practice effect”

Other bias Low risk

Lincoln 2002

Methods RCT. Single center trial. Country: Great Britain.

Participants N = 240, Intervention: 79, Assessment: 79, Control: 82

Age (median): Intervention: 43.0, Assessment: 43.0, Control: 40.5

Gender (female/male): Intervention: 48/26, Assessment: 56/16, Control: 52/25

Education years: Age left education (median): Intervention: 16.0, Assessment: 16.0,

Control: 16.0

MS disease course: 94 SP, 107 RR, 19 PP, 21 not known

Ambulation Index (median): Intervention: 4, Assessment: 4, Control: 3

Duration of disease (years): Not reported

Exclusion criteria: Live over 20 mile radius from the hospital. Unable to cooperate with

assessment at least 30 min at time. No consent to take part

Interventions Intervention: Aim: To alleviate the patient’s individual neuropsychological symptom

complex through cognitive training and using compensatory strategies

Patients received detailed neuropsychological assessment. The information obtained was

summarised for patients and, when the patients agreed, their relatives. Formal psycho-

logical reports were sent to the professionals involved in the patients’ care and to patients

and their relatives

Cognitive rehabilitation program based on individually identified problems. This in-

cluded learning both external (diaries, notebooks, calendars, lists) and internal (visualiza-

tion) memory strategies. More detailed information about intervention was not reported

Number of sessions: Not intensive, exact intensity or frequency, however, not reported.

Duration: 4 months

Assessment: Same way as in intervention group, patients received detailed neuropsy-

chological assessment lasting three hours with oral and written feedback

Control: No intervention, 30 min screening assessment without feedback

Outcomes Primary and secondary outcomes:

General Health Questionnaire (GHQ) (also caregiver ratings)

SF-36 and SF-54 Health Questionnaire

(Overall Quality of Life (OQoL), Q53 and Satisfaction with quality of Life (SQoL),

Q54)

Extended Activities of Daily Living Index (EADL)

Everyday memory questionnaire (EMQ) (also caregiver ratings)

Dysexecutive Syndrome Questionnaire (DEX) (also caregiver ratings)

Memory Aids Questionnaire (MAQ)

Guy’s Neurological Disability Scale (GNDS)

Assessment timing: Baseline, immediate follow-up (4 months), and longitudinal follow-

up (8 months)
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Lincoln 2002 (Continued)

Notes Cognitive domain targeted: Several cognitive functions.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Assignment with a computer generated

random number table.

Allocation concealment (selection bias) Low risk Participants were randomly allocated by an

assistant not involved in the study using a

computer generated allocation list

Blinding (performance bias and detection

bias)

Participant

High risk

Blinding (performance bias and detection

bias)

Personnel

High risk

Blinding (performance bias and detection

bias)

Outcome assessor

Low risk

Incomplete outcome data (attrition bias)

All outcomes

Low risk Drop-outs: 17 (7%) (Intervention: 5, As-

sessment: 7, Control: 5)

Selective reporting (reporting bias) High risk The study did not include cognitive tests as

outcome measures although intervention

was cognitive rehabilitation and target cog-

nitive training

Other bias High risk Compliance in the intervention was weak,

only 46% of participants in the interven-

tion group participated in the intervention

as planned. This information became evi-

dent in later publication (2003) of authors

Mattioli 2010

Methods Quasi-randomised trial. Single center trial. Country: Italy.

Participants N = 20, Intervention: 10 , Control: 10

Age (median): Intervention: 42, Control: 44

Gender (female/male): Intervention: 10/0, Control: 10/0

Education years (median): Intervention: 8.0, Control: 9.0

MS disease course: 20 RR
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Mattioli 2010 (Continued)

EDSS (median): Intervention: 2.5, Control: 1.5

Duration of disease (years) (median): Intervention: 16.5, Control: 18.5

Exclusion criteria: One or more clinical exacerbations in the previous year. Loss of

visual acuity. Ongoing major psychiatric disorder. Substance abuse. Mini mental State

Examination < 24. Intact performance in Paced Auditory Serial Addition Test 2” and 3”

and in Wisconsin Card Sorting Test

Interventions Intervention: Aim: To train attention, information processing, and executive functions

with a computer-aided program (RehaCom modules Plan a Day and Divided Attention)

Module “Plan a day”: Trains the patient’s ability to organize, plan and develop solution

strategies employing realistic simulations of a set of scheduled dates and duties to be

organized at specific places in a small city map

Module “Divided Attention”: The patient is required to simulate a train driver, carefully

observing the control panel of the train and the countryside. Several distractions, such

as crossing animals, and train speed must be taken into account with increasing levels of

difficulty

Number of sessions: 36 x 1h. Duration: 12 weeks. Frequency: Three times per week

Control: No intervention.

Outcomes Primary and secondary outcomes:

Brief Repeatable Battery of Neuropsychological Tests (BRBNT) including: Selective Re-

minding Test (SRT), 10/36 Spatial Recall Test, Symbol Digit Modalities Test (SDMT),

Paced Auditory Serial Addition Test 2’ and 3’ (PASAT), Controlled Oral Word Associ-

ation Test (COWAT)

Wisconsin Card Sorting Test (WCST)

Test of Everyday Attention (TEA)

Montgomery-Asberg Depression Rating Scale (MADRS)

Multiple Sclerosis Quality of Life Questionnaire (MSQoL)

Assessment timing: Baseline, immediate follow-up (12 weeks).

Notes Cognitive function targeted: Attention, information processing, and executive functions

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Assignment based on alternation.

Allocation concealment (selection bias) High risk Assignment based on alternation.

Blinding (performance bias and detection

bias)

Participant

High risk

Blinding (performance bias and detection

bias)

Personnel

High risk
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Blinding (performance bias and detection

bias)

Outcome assessor

Low risk

Incomplete outcome data (attrition bias)

All outcomes

Low risk Drop-outs: 0 (0%).

Selective reporting (reporting bias) Low risk

Other bias Low risk

Mendoza 2001

Methods Quasi-randomised trial. Single center trial. Country: USA.

Participants N = 20, Intervention: 10, Control: 10

Age: Intervention: 54.6, Control: 64.7

Gender (female/male): Intervention: 7/3, Control: 7/3

Education years: Not reported

MS disease course: Not reported

EDSS: Mentioned that groups did not differ, data however not reported

Duration of disease (years): Not reported. Had lived in the facility for mean 5 years

(intervention) and 4.8 years (control)

Exclusion criteria: Primary admitting diagnosis not MS. Unable to read test stimuli.

Diagnosed with a comorbid major mental disorder. Speed had deteriorated so that not

able to answer test questions at sufficient verbal level. Performance on K-SNAP in the

none impaired range. Unavailable at the time the protocol would be administered

Interventions Intervention: Nursing sfaff who cared the participants in the intervention group were

educated in neuroanatomy related to cognitive dysfunction in MS, details of the project,

rationale for using memory notebooks, and participant’s neurocognitive strengths and

weaknesses

Each participant received a large notebook that was attached to the wheelchair. Certified

nursing assistants were instructed to interview the participant to whom they had been

assigned and determine whether the participant had any comments or concerns to be

recorded. All this information was gathered during normal morning routine. The staff

was encouraged to read and write down information in the notebooks

Staff and researchers routinely reviewed the notebooks and marked the entries to indicate

to the participant that his/her notebook was being read. When appropriate, the staff

offered special assistance, as indicated by the participant’s notebook entries

Number of sessions: Neuropsychologist provided 4 x 1h counseling for nursing staff.

Intensity or frequency of other intervention not reported. Duration: 2 months.

Control: No intervention, normal treatment routines.

Outcomes Primary and secondary outcomes:

Kaufman Short Neuropsychological Assessment (K-SNAP)

Hopkins Verbal Learning Test (HVLT)

North American New Adult Reading Test (NANART)
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Stroop

Wechsler Memory Scale III (WMS-III) / Digit Span, Family pictures, Logical memory,

Letter-number sequencing

Boston Naming Test

Controlled Oral Word Association Test (COWAT)

Beck Depression Inventory (BDI)

Activity level (the number of unit events in which the participant took part)

Assessment timing: Baseline, immediate follow-up (2 months).

Notes Cognitive domain targeted: Several cognitive functions.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Randomly assigned to groups with the cri-

terion of equal numbers of men and women

in each condition

Allocation concealment (selection bias) High risk Randomly assigned to groups with the cri-

terion of equal numbers of men and women

in each condition

Blinding (performance bias and detection

bias)

Participant

High risk

Blinding (performance bias and detection

bias)

Personnel

High risk

Incomplete outcome data (attrition bias)

All outcomes

Low risk Drop-outs: 1 (5%) (Interevention: 0, Con-

trol: 1).

Selective reporting (reporting bias) High risk Data of cognitive tests not reported.

Other bias High risk Significant difference between intervention

and control groups in age

Mendozzi 1998

Methods Quasi-randomised trial. Single center trial. Country: Italy.

Participants N = 60, Intervention (spesific training): 20, Unspesific training: 20, Control: 20

Age: Intervention: 47.9 (9.4), Unspesific training: 45.9 (12.1), Control: 45.4 (6.8)

Gender (female/male): Intervention: 11/9, Unspesific training: 12/8, Control: 10/10

Education years: Intervention: 12.7 (4.8), Unspesific training: 13.0 (3.5), Control: 11.

7 (3.6)
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MS disease course: RR and SP (numbers not reported)

EDSS: Intervention: 3.7 (2.2), Unspesific training: 4.0 (2.1), Control: 3.3 (2.0)

Duration of disease (years): Intervention: 12.0 (7.7), Unspesific training: 10.7 (7.6),

Control: 10.2 (6.9)

Exclusion criteria: Unstable clinical condition during 2 months prior to the first re-

training session. Less than five years formal education. Insufficient visual function and

manual dexterity to perform the neuropsychological tests. History or current clinical

evidence of mental disorders. No subjective memory and attention deficits (verified also

as objective memory, attention and reaction speed problems in test performances)

Interventions Intervention: Specific Computer-assisted Memory Retraining Program, SCRP: Aim:

To train memory and attention with a computer-aided program (RehaCom)

Memory: Objects were displayed on the screen, the patient had to memorize the location

of objects. The objects were hidden. An object was displayed and the patient had to

indicate the location of the hidden object corresponding to that displayed

Attention: Similar to memory task, except that objects were not hidden. The task was

to locate the object exactly corresponding to the one displayed. At each response the

patient received positive or negative feedback

At the end of each session, patients were presented with a histogram summarizing their

performance. The psychologist briefly discussed the results with the patient and set the

goals for the next session

Number of sessions: 15 x 45 min. Duration: 8 weeks. Frequency: Twice per week

Unspesific training: Unspecific Computer-assisted Retraining Program, NCRP: Visual

tracking: The patient had to move a red dot into a blue circle by operating a joystick. As

soon as the two overlapped, the blue circle started moving and the patient had to keep

the red dot within the blue circle

Reaction time: The patient had to press a key as quickly as possible on presentation of a

target stimulus (go, no-go).

At the end of each session patients were presented with a histogram summarizing their

performance. The psychologist briefly discussed the results with the patient and set the

goals for the next session

Number of sessions, duration, and frequency: Same as in intervention group

Control: No intervention.

Outcomes Primary and secondary outcomes:

Wechsler Memory Scale (WMS) / Logical memory, Digit span, Visual reproduction,

Verbal paired associates

Corsi block’s test and recognition memory (computer-based)

Memory Scale of the Luria-Nebraska Neuropsychological Battery (LNNB)

Signal detection time (computer-based)

Raven’s progressive matrices (PM)

Assessment timing: Baseline, immediate follow-up (average of 40 days post-treatment

(14 weeks))

Notes Cognitive domain targeted: memory.

Risk of bias

Bias Authors’ judgement Support for judgement
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Random sequence generation (selection

bias)

High risk First 30 patients were randomly assigned

to groups, while succeeding 30 patients as-

signed to balance the groups as much as

possible for sex, age, and education

Allocation concealment (selection bias) High risk First 30 patients were randomly assigned

to groups, while succeeding 30 patients as-

signed to balance the groups as much as

possible for sex, age, and education

Blinding (performance bias and detection

bias)

Participant

High risk

Blinding (performance bias and detection

bias)

Outcome assessor

Low risk

Incomplete outcome data (attrition bias)

All outcomes

Low risk Drop-outs: 1 (2%) (Intervention: 1, Un-

spesific training: 0, Control: 0)

Selective reporting (reporting bias) Low risk

Other bias Low risk

Shatil 2010

Methods Quasirandomised trial. Single center trial. Country: Israel.

Participants N = 107, Intervention: 59, Control: 48

Baseline characteristics of study completers (N=46, Intervention: 22, Control: 24)

Age: Intervention: 49.9 (1.9), Control: 42.3 (10.7)

Gender (female/male): Intervention: 17/5, Control: 19/5

Education: Intervention: University 16, high school 6, Control: University 17, high

school 7

MS disease course: RR and RP (numbers not reported)

EDSS: Intervention: 2.6 (2.1), Control: 2.5 (1.7)

Duration of disease (years): Not reported

Exclusion criteria: Other MS disease course than RR or RP. Healthy dominant hand

not functioning. Did not speak Hebrew. Did not own and as not able to use a per-

sonal computer at home. Did not express an interest in taking part in the study. Other

neurological disease. Drug or alcohol abuse or dependence. Major depression. Known

condition which required the use of psychotropic medication

Interventions Intervention: Aim: To explore unprompted adherence to a personalized, home-based,

computer-aided cognitive training program (CogniFit Personal Coach, CPC) and to

examine the impact of training on cognitive performance

Patients received a CD containing the cognitive training program for home-based train-
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ing. The selection of training tasks was determined by individual performance on the

computer-based neuropsychological examination, hence no two people had the same

training regimen. For each individual, the CPC assigned scores to 17 cognitive abilities

that were subsequently trained by means of 21 different training tasks

The degree of difficulty of the tasks was modified automatically according to the partic-

ipant’s performance level

Number of sessions: 24 x 20-30 min. Duration: 12 weeks. Frequency: Three times per

week

Control: No intervention.

Outcomes Primary and secondary outcomes:

Neuropsychological Examination ? CogniFit Personal Coach (N-CPC) composing 15

tasks measuring a wide range of cognitive abilities such as memory, attention and eye-

hand coordination

Zung Depression Scale

Expanded Disability Scale (EDSS)

Fatigue Severity Scale (FSS)

Assessment timing: Baseline, immediate follow-up (12 weeks).

Notes Cognitive function targeted: Several cognitive functions.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk A sufficient numbers of participants were

first allocated for the intervention group.

Participants with no home internet connec-

tion and remaining participants were allo-

cated to the control group

Allocation concealment (selection bias) High risk A sufficient numbers of participants were

first allocated for the intervention group.

Participants with no home internet connec-

tion and remaining participants were allo-

cated to the control group

Blinding (performance bias and detection

bias)

Participant

High risk

Blinding (performance bias and detection

bias)

Personnel

Low risk There were no personnel in this study.

Training was carried out by participant

him/herself with computer-aided program

Incomplete outcome data (attrition bias)

All outcomes

High risk Drop-outs: 61 (57%) (Intervention: 37,

Control: 24). Only 37% of participants

completed entire training regimen
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Selective reporting (reporting bias) Low risk

Other bias High risk Significant difference between intervention

and control groups in age

Solari 2004

Methods RCT. Single center trial. Country: Italy.

Participants N = 82, Intervention: 42, Control: 40

Age: Intervention: 46.2 (9.2), Control: 41.2 (10.6)

Gender (female/male): Intervention: 26/14, Control: 23/14

Education: Intervention: Elementary school 19, high school 21, Control: Elementary

school 17, high school 20

MS disease course: 39 RR, 35 PR, 3 PP

EDSS: Intervention: 3.0, Control: 4.0

Duration of disease (years since first symptoms): Intervention: 15.2, Control: 13.5

Exclusion criteria: Age under 18 or over 65 years. MMSE < 24. Education less than 8

years. Ongoing major psychiatric disorder. One or more relapses in 3 months prior to

enrolment. Immunomodulant or immunosuppressant treatment initiated in 4 months

prior to enrolment. Cognitive rehabilitation in the 6 months prior to enrolment. No

subjective experience of poor attention or memory and confirmed by a score below the

80th percentile in at least two components of the BRBNT

Interventions Intervention: Aim: To train memory and attention with a computer-aided program

(RehaCom)

Patients were treated on an individual basis as outpatients with computer-aided retraining

program (RehaCom memory and attention retraining). The content of the intervention

was not reported precisely

Number of sessions: 16 x 45 min. Duration: 8 weeks. Frequency: Twice per week.

Control: Patients were treated on an individual basis as outpatients with computer-aided

retraining programme (RehaCom visuo-constructional and visuomotor coordination

retraining procedures). To minimize possible attentional and memory retraining, the

visuo-motor coordination procedure was simplified in that “puzzle” pieces were pre-

disposed in the correct orientation and a black and white representation of the picture

to be constructed was visible as an aid to puzzle completion

Number of sessions, duration, and frequency: Same as in intervention group

Outcomes Primary outcomes:

Brief Repeatable Battery of Neuropsychological Tests (BRBNT) including: Paced Au-

ditory Serial Addition Test (PASAT), Symbol Digit Modalities Test (SDMT), Selective

Reminding, 10/36 Spatial Recall and Word List Generation

Increase of 20% or more in at least two BRBNT test scores provided that there was no

worsening by 20% or more in two or more of the remaining tests

Secondary outcomes:

Chicago Mood Depression Inventory (CMDI)

54-item MS Quality of Life Questionnaire (MSQOL-54)

Assessment timing: Baseline, immediate follow-up (8 weeks), and longitudinal follow-
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up (16 weeks)

Notes Cognitive function targeted: attention and memory.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Assignment with computer-generated ran-

dom number table.

Allocation concealment (selection bias) Low risk

Blinding (performance bias and detection

bias)

Participant

Low risk

Blinding (performance bias and detection

bias)

Outcome assessor

Low risk

Incomplete outcome data (attrition bias)

All outcomes

Low risk Drop-outs: 5 (6%) (Intervention: 2, Control:

3).

Selective reporting (reporting bias) Low risk

Other bias High risk Significant difference between intervention

and control groups in age

Tesar 2005

Methods Quasi-randomised trial. Single center trial. Country: Austria.

Participants N = 20, Intervention: 10, Control: 10

Age: Intervention: 45.3 (9.2), Control: 46.9 (11.2)

Gender (female/male): Intervention: 7/3, Control: 5/4

Education: Not reported

MS disease course: 13 RR, 6 SP

EDSS: Intervention: 4.5 (1.7), Control: 4.4 (1.9)

Duration of disease (years): Intervention: 8.0 (4.2), Control: 10.4 (7.1)

Exclusion criteria: Previous psychiatric history. Past drug or alcohol abuse. Other medi-

cal diagnosis than MS. Relapse during the past 30 days. Corticosteroid therapy. IQ below

85. Age over 60 years. Insufficient visual acuity. BDI > 11 scores. No mild or moderate

cognitive impairments (cognitive impairment was not defined more precisely)

Interventions Intervention: Aim: To train the two cognitive areas most severely affected with a com-

puter-aided program (RehaCom) and to teach compensatory strategies relevant to every-

day life. The content of the intervention concerning computer-aided training was not
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more specifically reported

Compensation strategies:

Memory and learning: Internal and external memory supports, association mechanisms

Attention: Techniques for building up routines for behavior and self-control

Problem-solving and planning: Simplifying and visualization.

Number of sessions: 12 x 1 h. Duration: 4 weeks. Frequency: Three times per week

Control: No intervention.

Outcomes Primary and secondary outcomes:

Verbal learning test (VLT)

Non-verbal learning test (NVLT)

Sustained attention test (DAUF)

Computer-aided card-sorting procedure (CKV)

Mosaic test from the Hamburg Wechsler Intelligence Test-revised (HAWIE-R)

Beck Depression Inventory (BDI)

Modified Fatigue Impact Scale (MFIS)

Follow-up questionnaire

Assessment timing: Baseline, immediate follow-up (4 weeks), and longitudinal follow-

up (3 months)

Notes Cognitive function targeted: Several cognitive functions.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Assignment to comparable groups with re-

spect to clinical and demographic factors.

Independent person determined which

group acted as intervention and control

group

Allocation concealment (selection bias) High risk Assignment to comparable groups with re-

spect to clinical and demographic factors.

Independent person determined which

group acted as intervention and control

group

Blinding (performance bias and detection

bias)

Participant

High risk

Blinding (performance bias and detection

bias)

Personnel

High risk

Incomplete outcome data (attrition bias)

All outcomes

Low risk Drop-outs: 1 (5%) (Intervention: 0, Con-

trol: 1).
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Selective reporting (reporting bias) Low risk

Other bias Low risk

Vogt 2008

Methods Quasi-randomised trial. Single center trial. Country:Switzerland.

Participants N = 50, Intervention (MS): 15, Control (MS): 15, Intervention (healthy controls): 10,

Control (healthy controls): 10

Age: Intervention (MS): 43.2 (8.8), Control (MS): 46.3 (10.5), Intervention (healthy

controls): 39.5 (11.6), Control (healthy controls): 43.4 (12.5)

Gender (female/male): Intervention (MS): 11/4, Control (MS): 10/5, Intervention

(healthy controls): 7/3, Control (healthy controls): 6/4

Education (0=Secondary school, 1=College, 2=University): Intervention (MS): 1.6 (0.

5), Control (MS): 1.5 (0.5), Intervention (healthy controls): 1.7 (0.7), Control (healthy

controls): 1.6 (0.5)

MS disease course: 22 RR, 7 SP, 1 PP

EDSS: Intervention (MS): 3.2 (1.8), Control (MS): 3.2 (1.6)

Duration of disease (years): Intervention (MS): 9.1 (5.4), Control (MS): 12.1 (9.0)

Exclusion criteria: Unstable symptomatic medication during previous months. Relapse

or unstable disease phase within previous 3 months. Corticosteroid treatment within

previous month. Other neurological or psychiatric disease. Healthy controls: Neurolog-

ical or psychiatric disease

Interventions Intervention: Aim: To train working memory with a computer-aided program (Brain-

Stim) as home training

Spatial orientation (Module “City Map”): Trains spatial orientation by either visual or

verbal instructions to be remembered and finding the path using given arrows along

virtual city map

Visual object memory and the updating functions of working memory (Module “Find

Pairs”): The aim is to remember the location of cards that have been turned over and

back again and find pairs of cards with the same image

Verbal numeric working memory (Module “Memorize Numbers”): Numbers that are

presented for a short time have to be remembered meanwhile performing an arithmetic

distraction task

The degree of difficulty of the tasks was modified automatically according to the partic-

ipant’s performance level

Intervention in question for both MS patients (n = 15) and healthy controls (n = 10).

Number of sessions: 16 x 45 min. (each of the three modules 15 min.). Duration: 4

weeks. Frequency: Four times per week

Control: No intervention

Outcomes Primary outcomes:

Wechsler Memory Scale (WMS-R) / Digit Span backwards, Corsi Block forwards

Test battery of attention (TAP) / 2-back Task (modified)

Paced Auditory Serial Addition Test (PASAT) from Brief Repeatable Battery of Neu-

ropsychological Tests (BRB-N)
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Faces Symbol Test (FST)

Symbol Digit Modalities Test (SDMT/from BRB-N)

Fatigue Scale for Motor and Cognitive Fatigue (FSMC)

Modified Fatigue Impact Scale (MFIS)

Allgemeinen Depressionsskala (ADS)

Functional Assessment of MS (FAMS)

Secondary outcomes:

Log files recorded during training (Modules: City Map, Find Pairs & Memorize Num-

bers)

Assessment timing: Baseline (twice within two weeks), immediate follow-up (4 weeks)

Notes Cognitive function targeted: Working memory.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Assignment to comparable groups in re-

gard to demographic factors (age, sex, edu-

cation)

Allocation concealment (selection bias) High risk Assignment to comparable groups in re-

gard to demographic factors (age, sex, edu-

cation)

Blinding (performance bias and detection

bias)

Participant

High risk

Blinding (performance bias and detection

bias)

Personnel

Low risk There were no personnel in this study.

Training was carried out by participant

him/herself with computer-aided program

Incomplete outcome data (attrition bias)

All outcomes

Low risk Drop-outs: 0 (0%).

Selective reporting (reporting bias) Low risk

Other bias Low risk

Vogt 2009

Methods Same study as Vogt 2008.

Participants N = 45, Intervention (high intensity training): 15, Intervention (distributed training):

15, Control: 15

Age: Intervention (high intensity training): 43.2 (8.8), Intervention (distributed train-

ing): 43.4 (12.3), Control: 46.3 (10.5)
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Gender (female/male): Intervention (high intensity training): 11/4, Intervention (dis-

tributed training): 9/6, Control: 10/5

Education (0=Secondary school, 1=College, 2=University): Intervention (high intensity

training): 1.6 (0.5), Intervention (distributed training): 1.5 (0.5), Control: 1.5 (0.5)

MS disease course: 36 RR, 8 SP, 1 PP

EDSS: Intervention (high intensity training): 3.2 (1.8), Intervention (distributed train-

ing): 2.3 (1.1), Control: 3.2 (1.6)

Duration of disease (years): Intervention (high intensity training): 9.1 (5.4), Interven-

tion (distributed training): 8.1 (6.3), Control: 12.1 (9.0)

Exclusion criteria: Relapse. Change in symptomatic medication within previous 3

months. Treatment with steroids within previous month. Other neurological or psychi-

atric disease

Interventions Intervention: Aim: To evaluate two different training schedules of a computer-aided

(BrainStim) working memory training

Same intervention methods as in the study of Vogt 2008. In this study computer-aided

training either with high intensity or with distributed training were compared

Number of sessions: 16 x 45 min. (both training groups). Duration: 4 weeks (high

intensity training) and 8 weeks (distributed training). Frequency: Four times per week

(high intensity training) and twice per week (distributed training)

Control: No intervention.

Outcomes Same outcome methods as in the study of Vogt 2008.

Assessment timing: Baseline (twice within two weeks), immediate follow-up (for the

high intensity training group and control group 4 weeks, for the distributed training

group 8 weeks)

Notes Cognitive domain targeted: working memory. This paper is based on the same study as

Vogt 2008

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

High risk Assignment to comparable groups in regard to demo-

graphic factors (age, sex, education)

Allocation concealment (selection bias) High risk Assignment to comparable groups in regard to demo-

graphic factors (age, sex, education)

Blinding (performance bias and detection

bias)

Participant

High risk

Blinding (performance bias and detection

bias)

Personnel

Low risk There were no personnel in this study. Training was carried

out by participant him/herself with computer-aided pro-

gram
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Incomplete outcome data (attrition bias)

All outcomes

Low risk Drop-outs: 0 (0%).

Selective reporting (reporting bias) Low risk

Other bias Low risk

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Allen 1995 Case report.

Allen 1998 Not controlled trial.

Basso 2006 Not neuropsychological/cognitive intervention.

Basso 2007 Not neuropsychological/cognitive intervention.

Birnboim 2004 Case report.

Bombardier 2008 Not neuropsychological/cognitive intervention.

Brenk 2008 Controlled clinical trial (CCT).

Chiaravalloti 2002 Not neuropsychological/cognitive intervention.

Chiaravalloti 2003 Not neuropsychological/cognitive intervention.

Foley 1994 Case report.

Gordon 1997 Not neuropsychological/cognitive intervention.

Goverover 2008 Not neuropsychological/cognitive intervention.

Lincoln 2003 Case report.

Pierfederici 2007 Abstract.

Plohmann 1994 Preliminary report of the study in progress at time of publication

Plohmann 1998 Not controlled trial.

Rigby 2008 Not neuropsychological/cognitive intervention.
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Rodgers 1996 Neuropsychological/cognitive rehabilitation could not be separated from the intervention

Schwartz 1999 Neuropsychological/cognitive rehabilitation could not be separated from the intervention

Shevil 2009 Not controlled trial.

Tesar 2003 Not neuropsychological/cognitive intervention.

Wassem 2003 Neuropsychological/cognitive rehabilitation could not be separated from the intervention

Characteristics of ongoing studies [ordered by study ID]

Brochet

Trial name or title Randomised controlled clinical trial of cognitive rehabilitation in multiple sclerosis

Methods

Participants 50 RRMS (age 20-49, disease duration >6 months and ≤15 years), 25 healthy controls

Exclusion criteria:

Other neurological or psychiatric disorder

Visual, oculomotor, auditory or motor impairments precluding ability to perform cumputerized tasks and

the driving simulator tasks

History of addictive behaviour

MS attack in the 2 months preceding the screening

Severe cognitive deficits or dementia (MMSE<27)

Moderate to severe visuospatial incapacity (type IV or V at the Rey figure score <28)

Moderate to severe depression (BDI >27)

Intact performance at the Symbol Digit Modalities Test and all tests included in the IPS

Interventions Intervention: Specific cognitive rehabilitation

Rehabilitation will be focused on attention, executive functions, and working memory based on the patient’s

individual neuropsychological symptoms. Sessions will include varied exercised according to complexity and

presentation modality, using computerized and “paper-and-pencil” tasks and metacognitive training

Number of sessions: 42 x 1h; Duration: 4 months; Frequency: Three times per week

Control: Non specific cognitive rehabilitation

Group session without specific cognitive rehabilitation

Number of sessions, duration, frequency: Same as in intervention group

Control: Healthy participants

No intervention. Same evaluation procedures than patients.

Outcomes Primary outcomes: The z cognitive global executive z score (after 4 months)

Secondary outcomes: Brain activation, the z score of the Symbol Digit Modalities Test, the daily-life cognitive

questionnaire, clinical global impression of patients (after 4 and 8 months), the z cognitive global executive

z score (after 8 months)

Starting date September 2010
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Contact information Bruno Brochet: bruno.brochet@chu-bordeaux.fr

Mathilde Deloire: mathilde.grassin@bb-luni.u-bordeaux2.fr

Notes
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D A T A A N D A N A L Y S E S

Comparison 1. Cognitive training versus any control

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Attention 4 488 Std. Mean Difference (IV, Fixed, 95% CI) 0.06 [-0.12, 0.24]

1.1 Paced Auditory Serial

Addition Test 2’

2 97 Std. Mean Difference (IV, Fixed, 95% CI) 0.03 [-0.38, 0.44]

1.2 Paced Auditory Serial

Addition Test 3’

2 50 Std. Mean Difference (IV, Fixed, 95% CI) 0.52 [-0.05, 1.09]

1.3 Symbol Digit Modalities

Test

3 127 Std. Mean Difference (IV, Fixed, 95% CI) -0.00 [-0.35, 0.34]

1.4 Divided attention 1 46 Std. Mean Difference (IV, Fixed, 95% CI) -0.05 [-0.63, 0.53]

1.5 Avoiding distractions 1 46 Std. Mean Difference (IV, Fixed, 95% CI) -0.05 [-0.63, 0.53]

1.6 Inhibition 1 46 Std. Mean Difference (IV, Fixed, 95% CI) 0.23 [-0.35, 0.81]

1.7 Shifting attention 1 46 Std. Mean Difference (IV, Fixed, 95% CI) -0.14 [-0.72, 0.44]

1.8 Faces Symbol Test 1 30 Std. Mean Difference (IV, Fixed, 95% CI) 0.06 [-0.66, 0.77]

2 Information processing speed 4 176 Std. Mean Difference (IV, Random, 95% CI) 0.15 [-0.33, 0.62]

2.1 Signal detection time /

reaction time (s)

1 60 Std. Mean Difference (IV, Random, 95% CI) 0.80 [0.24, 1.36]

2.2 Response time 1 46 Std. Mean Difference (IV, Random, 95% CI) 0.17 [-0.41, 0.75]

2.3 2-back (reaction time) 1 30 Std. Mean Difference (IV, Random, 95% CI) -0.02 [-0.74, 0.69]

2.4 Test of Everyday Attention

(median for auditory stimulus)

1 20 Std. Mean Difference (IV, Random, 95% CI) -0.77 [-1.68, 0.15]

2.5 Test of Everyday Attention

(median for visual stimulus)

1 20 Std. Mean Difference (IV, Random, 95% CI) 0.21 [-0.67, 1.09]

3 Memory span 2 150 Std. Mean Difference (IV, Fixed, 95% CI) 0.54 [0.20, 0.88]

3.1 Corsi blocks forward 2 90 Std. Mean Difference (IV, Fixed, 95% CI) 0.55 [0.11, 0.99]

3.2 Digit span forward 1 60 Std. Mean Difference (IV, Fixed, 95% CI) 0.52 [-0.02, 1.07]

4 Working memory 3 288 Std. Mean Difference (IV, Fixed, 95% CI) 0.33 [0.09, 0.57]

4.1 2-back (numbers correct) 1 30 Std. Mean Difference (IV, Fixed, 95% CI) -0.05 [-0.76, 0.67]

4.2 Digit span backward 2 90 Std. Mean Difference (IV, Fixed, 95% CI) 0.34 [-0.09, 0.78]

4.3 Corsi blocks backward 1 30 Std. Mean Difference (IV, Fixed, 95% CI) 0.38 [-0.34, 1.10]

4.4 Verbal auditory working

memory

1 46 Std. Mean Difference (IV, Fixed, 95% CI) 0.59 [0.00, 1.19]

4.5 Visual working memory 1 46 Std. Mean Difference (IV, Fixed, 95% CI) 0.52 [-0.07, 1.11]

4.6 Auditory working

memory

1 46 Std. Mean Difference (IV, Fixed, 95% CI) 0.08 [-0.50, 0.66]

5 Immediate verbal memory 3 337 Std. Mean Difference (IV, Fixed, 95% CI) 0.16 [-0.07, 0.38]

5.1 Buschke Selective

Reminding Test (consistent

long-term retrieval)

2 97 Std. Mean Difference (IV, Fixed, 95% CI) 0.15 [-0.25, 0.55]

5.2 Wechsler Memory Scale /

Logical memory

1 60 Std. Mean Difference (IV, Fixed, 95% CI) -0.08 [-0.62, 0.46]

5.3 Wechsler Memory Scale

/ Verbal paired associations

(easy)

1 60 Std. Mean Difference (IV, Fixed, 95% CI) 0.29 [-0.25, 0.83]
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5.4 Wechsler Memory Scale

/ Verbal paired associations

(hard)

1 60 Std. Mean Difference (IV, Fixed, 95% CI) 0.31 [-0.23, 0.85]

5.5 Memory Scale

of the Luria-Nebraska

Neuropsychological Battery

1 60 Std. Mean Difference (IV, Fixed, 95% CI) 0.11 [-0.43, 0.65]

6 Immediate visual memory 3 217 Std. Mean Difference (IV, Fixed, 95% CI) 0.32 [0.04, 0.60]

6.1 Recognition memory

(Corsi)

1 60 Std. Mean Difference (IV, Fixed, 95% CI) 0.36 [-0.18, 0.91]

6.2 Wechsler Memory Scale /

Visual reproduction

1 60 Std. Mean Difference (IV, Fixed, 95% CI) 0.79 [0.23, 1.34]

6.3 10/36 Spatial Recall Test

(immediate recall)

2 97 Std. Mean Difference (IV, Fixed, 95% CI) 0.05 [-0.35, 0.45]

7 Delayed memory 2 194 Std. Mean Difference (IV, Fixed, 95% CI) -0.15 [-0.43, 0.13]

7.1 Buschke Selective

Reminding Test (delayed recall)

2 97 Std. Mean Difference (IV, Fixed, 95% CI) -0.16 [-0.56, 0.24]

7.2 10/36 Spatial Recall Test

(delayed recall)

2 97 Std. Mean Difference (IV, Fixed, 95% CI) -0.14 [-0.54, 0.26]

8 Executive functions 2 112 Std. Mean Difference (IV, Fixed, 95% CI) 0.35 [-0.03, 0.73]

8.1 Wisconsin Card Sorting

Test (total errors)

1 20 Std. Mean Difference (IV, Fixed, 95% CI) 1.16 [0.20, 2.12]

8.2 Planning 1 46 Std. Mean Difference (IV, Fixed, 95% CI) 0.08 [-0.50, 0.66]

8.3 Time estimation 1 46 Std. Mean Difference (IV, Fixed, 95% CI) 0.33 [-0.25, 0.91]

9 Verbal functions 3 163 Std. Mean Difference (IV, Fixed, 95% CI) 0.23 [-0.08, 0.54]

9.1 Naming 1 46 Std. Mean Difference (IV, Fixed, 95% CI) 0.19 [-0.39, 0.77]

9.2 Controlled Oral Word

Association Test (phonemic)

2 97 Std. Mean Difference (IV, Fixed, 95% CI) 0.21 [-0.19, 0.61]

9.3 Controlled Oral Word

Association Test (semantic)

1 20 Std. Mean Difference (IV, Fixed, 95% CI) 0.39 [-0.49, 1.28]

10 Depression 4 173 Std. Mean Difference (IV, Random, 95% CI) 0.14 [-0.37, 0.65]

10.1 Montgomery-Asber

Depression Rating Scale

1 20 Std. Mean Difference (IV, Random, 95% CI) 1.27 [0.29, 2.24]

10.2 Chigago Mood

Depression Inventory

1 77 Std. Mean Difference (IV, Random, 95% CI) 0.0 [-0.45, 0.45]

10.3 Allgemeine

Depressionskala

1 30 Std. Mean Difference (IV, Random, 95% CI) 0.05 [-0.66, 0.77]

10.4 Zung Depression Scale 1 46 Std. Mean Difference (IV, Random, 95% CI) -0.31 [-0.89, 0.27]

11 Quality of life 3 127 Std. Mean Difference (IV, Fixed, 95% CI) 0.26 [-0.09, 0.61]

11.1 Multiple Sclerosis

Quality of Life

1 20 Std. Mean Difference (IV, Fixed, 95% CI) 0.47 [-0.42, 1.36]

11.2 Functional Assessment

of MS

1 30 Std. Mean Difference (IV, Fixed, 95% CI) -0.13 [-0.84, 0.59]

11.3 54-item MS Quality of

Life Questionnaire / Mental

health composite

1 77 Std. Mean Difference (IV, Fixed, 95% CI) 0.36 [-0.09, 0.81]

12 Fatigue 2 106 Std. Mean Difference (IV, Fixed, 95% CI) -0.00 [-0.39, 0.38]

12.1 Fatigue Scale for Motor

and Cognitive functions

1 30 Std. Mean Difference (IV, Fixed, 95% CI) 0.18 [-0.54, 0.90]

12.2 Modified Fatigue Impact

Scale

1 30 Std. Mean Difference (IV, Fixed, 95% CI) 0.19 [-0.53, 0.91]

12.3 Fatigue Severity Scale 1 46 Std. Mean Difference (IV, Fixed, 95% CI) -0.25 [-0.83, 0.33]
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Comparison 2. Cognitive training versus any control (longitudinal follow-up)

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Attention 1 154 Std. Mean Difference (IV, Fixed, 95% CI) -0.22 [-0.54, 0.10]

1.1 Paced Auditory Serial

Addition Test 2’

1 77 Std. Mean Difference (IV, Fixed, 95% CI) -0.38 [-0.83, 0.07]

1.2 Symbol Digit Modalities

Test

1 77 Std. Mean Difference (IV, Fixed, 95% CI) -0.06 [-0.51, 0.39]

2 Immediate verbal memory 1 77 Mean Difference (IV, Fixed, 95% CI) -0.30 [-17.77, 17.

17]

2.1 Buschke Selective

Reminding Test / Consistent

long-term retrieval

1 77 Mean Difference (IV, Fixed, 95% CI) -0.30 [-17.77, 17.

17]

3 Immediate visual memory 1 77 Mean Difference (IV, Fixed, 95% CI) -1.20 [-4.86, 2.46]

3.1 10/36 Spatial Recall Test /

Immediate recall

1 77 Mean Difference (IV, Fixed, 95% CI) -1.20 [-4.86, 2.46]

4 Delayed memory 1 154 Std. Mean Difference (IV, Fixed, 95% CI) -0.30 [-0.62, 0.02]

4.1 Buschke Selective

Reminding Test / Delayed

recall

1 77 Std. Mean Difference (IV, Fixed, 95% CI) -0.30 [-0.75, 0.15]

4.2 10/36 Spatial Recall Test /

Delayed recall

1 77 Std. Mean Difference (IV, Fixed, 95% CI) -0.30 [-0.75, 0.15]

5 Verbal functions 1 77 Mean Difference (IV, Fixed, 95% CI) 2.10 [-1.87, 6.07]

5.1 Controlled Oral Word

Association Test (phonemic)

1 77 Mean Difference (IV, Fixed, 95% CI) 2.10 [-1.87, 6.07]

6 Depression 1 77 Mean Difference (IV, Fixed, 95% CI) -0.40 [-5.16, 4.36]

6.1 Chigago Mood Depression

Inventory

1 77 Mean Difference (IV, Fixed, 95% CI) -0.40 [-5.16, 4.36]

7 Quality of life 1 77 Mean Difference (IV, Fixed, 95% CI) -9.40 [-28.38, 9.58]

7.1 54-item MS Quality of

Life Questionnaire / Mental

health composite

1 77 Mean Difference (IV, Fixed, 95% CI) -9.40 [-28.38, 9.58]

Comparison 3. Cognitive training combined with other neuropsychological rehabilitation methods versus any

control

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Attention 2 103 Std. Mean Difference (IV, Fixed, 95% CI) 0.09 [-0.30, 0.48]

1.1 Sustained attention test /

correct answers

1 19 Std. Mean Difference (IV, Fixed, 95% CI) -0.02 [-0.92, 0.88]

1.2 Paced Auditory Serial

Addition Test 3’

1 42 Std. Mean Difference (IV, Fixed, 95% CI) 0.01 [-0.61, 0.62]

1.3 Test Battery of Attention /

alertness without cueing

1 42 Std. Mean Difference (IV, Fixed, 95% CI) 0.23 [-0.39, 0.85]
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2 Information processing speed 3 181 Std. Mean Difference (IV, Fixed, 95% CI) 0.05 [-0.27, 0.36]

2.1 Sustained Attention Test /

variation reaction time

1 19 Std. Mean Difference (IV, Fixed, 95% CI) 0.0 [-0.90, 0.90]

2.2 2-back / reaction time 1 40 Std. Mean Difference (IV, Fixed, 95% CI) 0.25 [-0.44, 0.95]

2.3 Preference shifting /

reaction time

1 40 Std. Mean Difference (IV, Fixed, 95% CI) 0.07 [-0.62, 0.77]

2.4 Response shifting /

reaction time

1 40 Std. Mean Difference (IV, Fixed, 95% CI) 0.25 [-0.45, 0.94]

2.5 Test Battery of Attention /

Object alternation

1 42 Std. Mean Difference (IV, Fixed, 95% CI) -0.27 [-0.89, 0.35]

3 Working memory 1 40 Mean Difference (IV, Fixed, 95% CI) 1.20 [-2.93, 5.33]

3.1 2-back / commissions 1 40 Mean Difference (IV, Fixed, 95% CI) 1.20 [-2.93, 5.33]

4 Immediate verbal memory 4 129 Mean Difference (IV, Fixed, 95% CI) 0.77 [-0.10, 1.64]

4.1 Verbal-learning Test 1 19 Mean Difference (IV, Fixed, 95% CI) 3.80 [-6.15, 13.75]

4.2 California Verbal Learning

Test / learning trials

2 82 Mean Difference (IV, Fixed, 95% CI) 0.81 [-0.12, 1.75]

4.3 Hopkins Verbal Learning

Test-revised

1 28 Mean Difference (IV, Fixed, 95% CI) 0.28 [-2.18, 2.74]

5 Immediate visual memory 1 19 Mean Difference (IV, Fixed, 95% CI) 3.80 [-6.15, 13.75]

5.1 Non-Verbal Learning Test 1 19 Mean Difference (IV, Fixed, 95% CI) 3.80 [-6.15, 13.75]

6 Delayed memory 1 42 Mean Difference (IV, Fixed, 95% CI) 1.08 [-0.95, 3.11]

6.1 California Verbal Learning

Test / long delay free recall

1 42 Mean Difference (IV, Fixed, 95% CI) 1.08 [-0.95, 3.11]

7 Executive functions 2 99 Std. Mean Difference (IV, Fixed, 95% CI) -0.06 [-0.50, 0.37]

7.1 Computer-aided

Card-Sorting Procedure /

correct answers

1 19 Std. Mean Difference (IV, Fixed, 95% CI) -0.02 [-0.92, 0.88]

7.2 Preference Shifting / trials

to criterion

1 40 Std. Mean Difference (IV, Fixed, 95% CI) -0.33 [-1.03, 0.37]

7.3 Response Shifting / trials

to criterion

1 40 Std. Mean Difference (IV, Fixed, 95% CI) 0.18 [-0.52, 0.87]

8 Visual functions 1 19 Mean Difference (IV, Fixed, 95% CI) 2.20 [-0.19, 4.59]

8.1 Intelligence Test-revised

(HAWIE-R)

1 19 Mean Difference (IV, Fixed, 95% CI) 2.20 [-0.19, 4.59]

9 Everyday cognitive performance

/ patient’s report

2 693 Std. Mean Difference (IV, Fixed, 95% CI) -0.05 [-0.20, 0.11]

9.1 Memory Aids

Questionnaire

1 225 Std. Mean Difference (IV, Fixed, 95% CI) -0.08 [-0.36, 0.20]

9.2 Memory Functioning

Questionnaire / overall rating

1 28 Std. Mean Difference (IV, Fixed, 95% CI) -0.40 [-1.15, 0.35]

9.3 Everyday Memory

Questionnaire / patient’s report

1 217 Std. Mean Difference (IV, Fixed, 95% CI) -0.02 [-0.31, 0.26]

9.4 Dysexecutive Memory

Questionnaire / patient’s report

1 223 Std. Mean Difference (IV, Fixed, 95% CI) 0.01 [-0.27, 0.30]

10 Everyday cognitive performance

/ carer’s report

1 356 Std. Mean Difference (IV, Fixed, 95% CI) 0.01 [-0.21, 0.24]

10.1 Everyday Memory

Questionnaire / carer’s report

1 177 Std. Mean Difference (IV, Fixed, 95% CI) 0.04 [-0.28, 0.36]

10.2 Dysexecutive Syndrome

Questionnaire / carer’s report

1 179 Std. Mean Difference (IV, Fixed, 95% CI) -0.01 [-0.33, 0.31]

11 Depression 3 89 Mean Difference (IV, Fixed, 95% CI) 0.25 [-2.12, 2.62]

59Neuropsychological rehabilitation for multiple sclerosis (Review)

Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



11.1 Beck Depression

Inventory

3 89 Mean Difference (IV, Fixed, 95% CI) 0.25 [-2.12, 2.62]

12 Quality of life 1 42 Mean Difference (IV, Fixed, 95% CI) 0.70 [-6.68, 8.08]

12.1 SF-36 Health

Questionnaire (short form) /

Mental score

1 42 Mean Difference (IV, Fixed, 95% CI) 0.70 [-6.68, 8.08]

13 Fatigue 2 61 Std. Mean Difference (IV, Fixed, 95% CI) -0.19 [-0.70, 0.32]

13.1 Modified Fatigue Impact

Scale

1 19 Std. Mean Difference (IV, Fixed, 95% CI) -0.51 [-1.43, 0.41]

13.2 Fatigue Severity Scale 1 42 Std. Mean Difference (IV, Fixed, 95% CI) -0.05 [-0.66, 0.57]

14 Anxiety 1 28 Mean Difference (IV, Fixed, 95% CI) 2.36 [-4.81, 9.53]

14.1 State-Trait Anxiety

Inventory / state

1 28 Mean Difference (IV, Fixed, 95% CI) 2.36 [-4.81, 9.53]

Comparison 4. Cognitive training combined with other neuropsychological rehabilitation methods versus any

control (longitudinal follow-up)

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Attention 1 19 Mean Difference (IV, Fixed, 95% CI) -11.80 [-27.87, 4.

27]

1.1 Sustained attention test /

correct answers

1 19 Mean Difference (IV, Fixed, 95% CI) -11.80 [-27.87, 4.

27]

2 Information processing speed 2 79 Std. Mean Difference (IV, Fixed, 95% CI) 0.05 [-0.43, 0.53]

2.1 Sustained attention test /

variation reaction time

1 19 Std. Mean Difference (IV, Fixed, 95% CI) 0.56 [-0.36, 1.49]

2.2 2-back / reaction time 1 20 Std. Mean Difference (IV, Fixed, 95% CI) -0.51 [-1.49, 0.46]

2.3 Preference shifting /

reaction time

1 20 Std. Mean Difference (IV, Fixed, 95% CI) -0.04 [1.00, 0.91]

2.4 Response shifting /

reaction time

1 20 Std. Mean Difference (IV, Fixed, 95% CI) 0.14 [-0.82, 1.09]

3 Working memory 1 20 Mean Difference (IV, Fixed, 95% CI) 1.1 [-3.22, 5.42]

3.1 2-back / commissions 1 20 Mean Difference (IV, Fixed, 95% CI) 1.1 [-3.22, 5.42]

4 Immediate verbal memory 3 67 Std. Mean Difference (IV, Fixed, 95% CI) 0.19 [-0.31, 0.68]

4.1 Verbal-learning Test 1 19 Std. Mean Difference (IV, Fixed, 95% CI) 0.47 [-0.45, 1.38]

4.2 Hopkins Verbal Learning

Test-revised

1 28 Std. Mean Difference (IV, Fixed, 95% CI) -0.12 [-0.87, 0.62]

4.3 California Verbal Learning

Test / learning trials

1 20 Std. Mean Difference (IV, Fixed, 95% CI) 0.41 [-0.55, 1.38]

5 Immediate visual memory 1 19 Mean Difference (IV, Fixed, 95% CI) 0.70 [-11.50, 12.90]

5.1 Non-verbal Learning Test 1 19 Mean Difference (IV, Fixed, 95% CI) 0.70 [-11.50, 12.90]

6 Executive functions 2 59 Std. Mean Difference (IV, Random, 95% CI) -0.10 [-0.93, 0.72]

6.1 Computer-aided

Card-Sorting Procedure /

correct answers

1 19 Std. Mean Difference (IV, Random, 95% CI) -0.65 [-1.58, 0.28]

6.2 Preference shifting / trials

to criterion

1 20 Std. Mean Difference (IV, Random, 95% CI) 0.75 [-0.24, 1.74]
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6.3 Response shifting / trials

to criterion

1 20 Std. Mean Difference (IV, Random, 95% CI) -0.37 [-1.34, 0.59]

7 Visual functions 1 19 Mean Difference (IV, Fixed, 95% CI) 0.20 [-2.06, 2.46]

7.1 Intelligence Test-revised

(HAWIE-R)

1 19 Mean Difference (IV, Fixed, 95% CI) 0.20 [-2.06, 2.46]

8 Everyday cognitive performance

/ patient’s report

2 660 Std. Mean Difference (IV, Fixed, 95% CI) -0.05 [-0.21, 0.11]

8.1 Memory Aids

Questionnaire

1 209 Std. Mean Difference (IV, Fixed, 95% CI) -0.09 [-0.38, 0.20]

8.2 Memory Functioning

Questionnaire / overall

memory

1 28 Std. Mean Difference (IV, Fixed, 95% CI) -0.43 [-1.18, 0.32]

8.3 Everyday Memory

Questionnaire / patient’s report

1 208 Std. Mean Difference (IV, Fixed, 95% CI) 0.01 [-0.28, 0.31]

8.4 Dysexecutive Syndrome

Questionnaire / patient’s report

1 215 Std. Mean Difference (IV, Fixed, 95% CI) -0.01 [-0.30, 0.27]

9 Everyday cognitive performance

/ carer’s report

1 329 Std. Mean Difference (IV, Fixed, 95% CI) 5.77 [-0.23, 0.23]

9.1 Everyday Memory

Questionnaire / carer’s report

1 163 Std. Mean Difference (IV, Fixed, 95% CI) 0.04 [-0.29, 0.36]

9.2 Dysexecutive Syndrome

Questionnaire / carer’s report

1 166 Std. Mean Difference (IV, Fixed, 95% CI) -0.03 [-0.36, 0.29]

10 Depression 2 47 Mean Difference (IV, Fixed, 95% CI) 0.18 [-3.18, 3.55]

10.1 Beck Depression

Inventory

2 47 Mean Difference (IV, Fixed, 95% CI) 0.18 [-3.18, 3.55]

11 Fatigue 1 19 Mean Difference (IV, Fixed, 95% CI) -10.10 [-25.69, 5.

49]

11.1 Fatigue Impact Scale 1 19 Mean Difference (IV, Fixed, 95% CI) -10.10 [-25.69, 5.

49]

12 Anxiety 1 28 Mean Difference (IV, Fixed, 95% CI) 6.08 [-1.57, 13.73]

12.1 State Trait Anxiety

Inventory / state

1 28 Mean Difference (IV, Fixed, 95% CI) 6.08 [-1.57, 13.73]
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Analysis 1.1. Comparison 1 Cognitive training versus any control, Outcome 1 Attention.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 1 Cognitive training versus any control

Outcome: 1 Attention

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Paced Auditory Serial Addition Test 2’

Mattioli 2010 10 23.4 (13.7) 10 6.5 (9.9) 3.3 % 1.35 [ 0.36, 2.35 ]

Solari 2004 40 22.6 (10.1) 37 25.9 (16.4) 16.0 % -0.24 [ -0.69, 0.21 ]

Subtotal (95% CI) 50 47 19.2 % 0.03 [ -0.38, 0.44 ]

Heterogeneity: Chi2 = 8.23, df = 1 (P = 0.004); I2 =88%

Test for overall effect: Z = 0.14 (P = 0.89)

2 Paced Auditory Serial Addition Test 3’

Mattioli 2010 10 34.7 (14.8) 10 15.4 (18.4) 3.5 % 1.11 [ 0.15, 2.06 ]

Vogt 2008 15 50.4 (7.91) 15 48.53 (11.1) 6.2 % 0.19 [ -0.53, 0.91 ]

Subtotal (95% CI) 25 25 9.8 % 0.52 [ -0.05, 1.09 ]

Heterogeneity: Chi2 = 2.27, df = 1 (P = 0.13); I2 =56%

Test for overall effect: Z = 1.77 (P = 0.076)

3 Symbol Digit Modalities Test

Mattioli 2010 10 36.3 (9.9) 10 37.9 (17.7) 4.2 % -0.11 [ -0.98, 0.77 ]

Solari 2004 40 30 (6.5) 37 29.1 (7.6) 16.0 % 0.13 [ -0.32, 0.57 ]

Vogt 2008 15 53.87 (14.78) 15 58.67 (19.19) 6.2 % -0.27 [ -0.99, 0.45 ]

Subtotal (95% CI) 65 62 26.4 % 0.00 [ -0.35, 0.34 ]

Heterogeneity: Chi2 = 0.91, df = 2 (P = 0.63); I2 =0.0%

Test for overall effect: Z = 0.02 (P = 0.98)

4 Divided attention

Shatil 2010 22 2.37 (0.78) 24 2.41 (0.72) 9.6 % -0.05 [ -0.63, 0.53 ]

Subtotal (95% CI) 22 24 9.6 % -0.05 [ -0.63, 0.53 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.18 (P = 0.86)

5 Avoiding distractions

Shatil 2010 22 -0.7 (0.47) 24 -0.67 (0.69) 9.6 % -0.05 [ -0.63, 0.53 ]

Subtotal (95% CI) 22 24 9.6 % -0.05 [ -0.63, 0.53 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.17 (P = 0.87)

6 Inhibition

Shatil 2010 22 -0.16 (0.62) 24 -0.3 (0.59) 9.5 % 0.23 [ -0.35, 0.81 ]

-1 -0.5 0 0.5 1

Favours control Favours intervention

(Continued . . . )
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(. . . Continued)

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Subtotal (95% CI) 22 24 9.5 % 0.23 [ -0.35, 0.81 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.77 (P = 0.44)

7 Shifting attention

Shatil 2010 22 0.37 (0.91) 24 0.48 (0.62) 9.6 % -0.14 [ -0.72, 0.44 ]

Subtotal (95% CI) 22 24 9.6 % -0.14 [ -0.72, 0.44 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.47 (P = 0.64)

8 Faces Symbol Test

Vogt 2008 15 2.54 (0.73) 15 2.49 (0.91) 6.3 % 0.06 [ -0.66, 0.77 ]

Subtotal (95% CI) 15 15 6.3 % 0.06 [ -0.66, 0.77 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.16 (P = 0.87)

Total (95% CI) 243 245 100.0 % 0.06 [ -0.12, 0.24 ]

Heterogeneity: Chi2 = 15.09, df = 11 (P = 0.18); I2 =27%

Test for overall effect: Z = 0.63 (P = 0.53)

Test for subgroup differences: Chi2 = 3.67, df = 7 (P = 0.82), I2 =0.0%
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Analysis 1.2. Comparison 1 Cognitive training versus any control, Outcome 2 Information processing speed.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 1 Cognitive training versus any control

Outcome: 2 Information processing speed

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 Signal detection time / reaction time (s)

Mendozzi 1998 20 -1.2 (0.3) 40 -1.5 (0.4) 24.4 % 0.80 [ 0.24, 1.36 ]

Subtotal (95% CI) 20 40 24.4 % 0.80 [ 0.24, 1.36 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.82 (P = 0.0049)

2 Response time

Shatil 2010 22 -0.39 (0.74) 24 -0.51 (0.67) 23.7 % 0.17 [ -0.41, 0.75 ]

Subtotal (95% CI) 22 24 23.7 % 0.17 [ -0.41, 0.75 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.57 (P = 0.57)

3 2-back (reaction time)

Vogt 2008 15 -767.77 (272.31) 15 -762.07 (257.49) 20.0 % -0.02 [ -0.74, 0.69 ]

Subtotal (95% CI) 15 15 20.0 % -0.02 [ -0.74, 0.69 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.06 (P = 0.95)

4 Test of Everyday Attention (median for auditory stimulus)

Mattioli 2010 10 -711.8 (160.6) 10 -605.5 (96.5) 15.6 % -0.77 [ -1.68, 0.15 ]

Subtotal (95% CI) 10 10 15.6 % -0.77 [ -1.68, 0.15 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.64 (P = 0.10)

5 Test of Everyday Attention (median for visual stimulus)

Mattioli 2010 10 -961.2 (195.2) 10 -1003.5 (191.2) 16.3 % 0.21 [ -0.67, 1.09 ]

Subtotal (95% CI) 10 10 16.3 % 0.21 [ -0.67, 1.09 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.47 (P = 0.64)

Total (95% CI) 77 99 100.0 % 0.15 [ -0.33, 0.62 ]

Heterogeneity: Tau2 = 0.16; Chi2 = 9.11, df = 4 (P = 0.06); I2 =56%

Test for overall effect: Z = 0.60 (P = 0.55)

Test for subgroup differences: Chi2 = 9.11, df = 4 (P = 0.06), I2 =56%

-1 -0.5 0 0.5 1

Favours control Favours intervention

64Neuropsychological rehabilitation for multiple sclerosis (Review)

Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.3. Comparison 1 Cognitive training versus any control, Outcome 3 Memory span.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 1 Cognitive training versus any control

Outcome: 3 Memory span

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Corsi blocks forward

Mendozzi 1998 20 5 (0.8) 40 4.4 (0.8) 38.1 % 0.74 [ 0.19, 1.29 ]

Vogt 2008 15 9.2 (1.93) 15 8.8 (1.52) 22.6 % 0.22 [ -0.49, 0.94 ]

Subtotal (95% CI) 35 55 60.7 % 0.55 [ 0.11, 0.99 ]

Heterogeneity: Chi2 = 1.24, df = 1 (P = 0.26); I2 =20%

Test for overall effect: Z = 2.45 (P = 0.014)

2 Digit span forward

Mendozzi 1998 20 6.1 (1.2) 40 5.5 (1.1) 39.3 % 0.52 [ -0.02, 1.07 ]

Subtotal (95% CI) 20 40 39.3 % 0.52 [ -0.02, 1.07 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.88 (P = 0.060)

Total (95% CI) 55 95 100.0 % 0.54 [ 0.20, 0.88 ]

Heterogeneity: Chi2 = 1.25, df = 2 (P = 0.54); I2 =0.0%

Test for overall effect: Z = 3.08 (P = 0.0020)

Test for subgroup differences: Chi2 = 0.01, df = 1 (P = 0.94), I2 =0.0%
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Analysis 1.4. Comparison 1 Cognitive training versus any control, Outcome 4 Working memory.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 1 Cognitive training versus any control

Outcome: 4 Working memory

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 2-back (numbers correct)

Vogt 2008 15 55.07 (4.02) 15 55.27 (3.92) 10.9 % -0.05 [ -0.76, 0.67 ]

Subtotal (95% CI) 15 15 10.9 % -0.05 [ -0.76, 0.67 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.13 (P = 0.89)

2 Digit span backward

Mendozzi 1998 20 4 (1.3) 40 3.8 (1) 19.3 % 0.18 [ -0.36, 0.72 ]

Vogt 2008 15 7.87 (2.38) 15 6.4 (1.99) 10.3 % 0.65 [ -0.09, 1.39 ]

Subtotal (95% CI) 35 55 29.6 % 0.34 [ -0.09, 0.78 ]

Heterogeneity: Chi2 = 1.04, df = 1 (P = 0.31); I2 =3%

Test for overall effect: Z = 1.55 (P = 0.12)

3 Corsi blocks backward

Vogt 2008 15 8.87 (2.03) 15 8.13 (1.76) 10.7 % 0.38 [ -0.34, 1.10 ]

Subtotal (95% CI) 15 15 10.7 % 0.38 [ -0.34, 1.10 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.03 (P = 0.30)

4 Verbal auditory working memory

Shatil 2010 22 1.09 (0.81) 24 0.53 (1.02) 15.9 % 0.59 [ 0.00, 1.19 ]

Subtotal (95% CI) 22 24 15.9 % 0.59 [ 0.00, 1.19 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.97 (P = 0.049)

5 Visual working memory

Shatil 2010 22 1.15 (0.84) 24 0.65 (1.03) 16.1 % 0.52 [ -0.07, 1.11 ]

Subtotal (95% CI) 22 24 16.1 % 0.52 [ -0.07, 1.11 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.73 (P = 0.083)

6 Auditory working memory

Shatil 2010 22 0.69 (0.78) 24 0.62 (0.87) 16.7 % 0.08 [ -0.50, 0.66 ]

Subtotal (95% CI) 22 24 16.7 % 0.08 [ -0.50, 0.66 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.28 (P = 0.78)

Total (95% CI) 131 157 100.0 % 0.33 [ 0.09, 0.57 ]
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(. . . Continued)

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

Heterogeneity: Chi2 = 4.00, df = 6 (P = 0.68); I2 =0.0%

Test for overall effect: Z = 2.73 (P = 0.0063)

Test for subgroup differences: Chi2 = 2.97, df = 5 (P = 0.71), I2 =0.0%
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Analysis 1.5. Comparison 1 Cognitive training versus any control, Outcome 5 Immediate verbal memory.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 1 Cognitive training versus any control

Outcome: 5 Immediate verbal memory

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Buschke Selective Reminding Test (consistent long-term retrieval)

Mattioli 2010 10 22 (15.5) 10 17.6 (12.4) 6.4 % 0.30 [ -0.58, 1.18 ]

Solari 2004 40 30 (38.7) 37 26.1 (29.3) 24.9 % 0.11 [ -0.34, 0.56 ]

Subtotal (95% CI) 50 47 31.3 % 0.15 [ -0.25, 0.55 ]

Heterogeneity: Chi2 = 0.14, df = 1 (P = 0.71); I2 =0.0%

Test for overall effect: Z = 0.74 (P = 0.46)

2 Wechsler Memory Scale / Logical memory

Mendozzi 1998 20 14 (6.8) 40 14.5 (5.9) 17.3 % -0.08 [ -0.62, 0.46 ]

Subtotal (95% CI) 20 40 17.3 % -0.08 [ -0.62, 0.46 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.29 (P = 0.77)

3 Wechsler Memory Scale / Verbal paired associations (easy)

Mendozzi 1998 20 15.9 (2.2) 40 15.3 (2) 17.1 % 0.29 [ -0.25, 0.83 ]

Subtotal (95% CI) 20 40 17.1 % 0.29 [ -0.25, 0.83 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.04 (P = 0.30)
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(. . . Continued)

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

4 Wechsler Memory Scale / Verbal paired associations (hard)

Mendozzi 1998 20 5.3 (3.4) 40 4.3 (3) 17.1 % 0.31 [ -0.23, 0.85 ]

Subtotal (95% CI) 20 40 17.1 % 0.31 [ -0.23, 0.85 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.14 (P = 0.25)

5 Memory Scale of the Luria-Nebraska Neuropsychological Battery

Mendozzi 1998 20 -57.7 (5.8) 40 -58.4 (6.4) 17.3 % 0.11 [ -0.43, 0.65 ]

Subtotal (95% CI) 20 40 17.3 % 0.11 [ -0.43, 0.65 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.41 (P = 0.68)

Total (95% CI) 130 207 100.0 % 0.16 [ -0.07, 0.38 ]

Heterogeneity: Chi2 = 1.46, df = 5 (P = 0.92); I2 =0.0%

Test for overall effect: Z = 1.36 (P = 0.17)

Test for subgroup differences: Chi2 = 1.32, df = 4 (P = 0.86), I2 =0.0%
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Analysis 1.6. Comparison 1 Cognitive training versus any control, Outcome 6 Immediate visual memory.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 1 Cognitive training versus any control

Outcome: 6 Immediate visual memory

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Recognition memory (Corsi)

Mendozzi 1998 20 76.5 (10.2) 40 71.9 (13.4) 26.5 % 0.36 [ -0.18, 0.91 ]

Subtotal (95% CI) 20 40 26.5 % 0.36 [ -0.18, 0.91 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.32 (P = 0.19)

2 Wechsler Memory Scale / Visual reproduction

Mendozzi 1998 20 8.2 (3.3) 40 5.3 (3.8) 25.0 % 0.79 [ 0.23, 1.34 ]

Subtotal (95% CI) 20 40 25.0 % 0.79 [ 0.23, 1.34 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.77 (P = 0.0056)

3 10/36 Spatial Recall Test (immediate recall)

Mattioli 2010 10 16.9 (4.6) 10 14.7 (4.5) 9.8 % 0.46 [ -0.43, 1.35 ]

Solari 2004 40 16.7 (6.3) 37 17.1 (9.1) 38.7 % -0.05 [ -0.50, 0.40 ]

Subtotal (95% CI) 50 47 48.5 % 0.05 [ -0.35, 0.45 ]

Heterogeneity: Chi2 = 1.02, df = 1 (P = 0.31); I2 =2%

Test for overall effect: Z = 0.26 (P = 0.80)

Total (95% CI) 90 127 100.0 % 0.32 [ 0.04, 0.60 ]

Heterogeneity: Chi2 = 5.46, df = 3 (P = 0.14); I2 =45%

Test for overall effect: Z = 2.24 (P = 0.025)

Test for subgroup differences: Chi2 = 4.44, df = 2 (P = 0.11), I2 =55%
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Analysis 1.7. Comparison 1 Cognitive training versus any control, Outcome 7 Delayed memory.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 1 Cognitive training versus any control

Outcome: 7 Delayed memory

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Buschke Selective Reminding Test (delayed recall)

Mattioli 2010 10 6.6 (2.7) 10 6 (2.5) 10.3 % 0.22 [ -0.66, 1.10 ]

Solari 2004 40 5.9 (2.3) 37 7 (5.6) 39.7 % -0.26 [ -0.71, 0.19 ]

Subtotal (95% CI) 50 47 50.0 % -0.16 [ -0.56, 0.24 ]

Heterogeneity: Chi2 = 0.90, df = 1 (P = 0.34); I2 =0.0%

Test for overall effect: Z = 0.78 (P = 0.44)

2 10/36 Spatial Recall Test (delayed recall)

Mattioli 2010 10 5.7 (2.6) 10 4.9 (2.4) 10.3 % 0.31 [ -0.58, 1.19 ]

Solari 2004 40 5.9 (2.3) 37 7 (5.6) 39.7 % -0.26 [ -0.71, 0.19 ]

Subtotal (95% CI) 50 47 50.0 % -0.14 [ -0.54, 0.26 ]

Heterogeneity: Chi2 = 1.25, df = 1 (P = 0.26); I2 =20%

Test for overall effect: Z = 0.70 (P = 0.49)

Total (95% CI) 100 94 100.0 % -0.15 [ -0.43, 0.13 ]

Heterogeneity: Chi2 = 2.15, df = 3 (P = 0.54); I2 =0.0%

Test for overall effect: Z = 1.04 (P = 0.30)

Test for subgroup differences: Chi2 = 0.00, df = 1 (P = 0.95), I2 =0.0%
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Analysis 1.8. Comparison 1 Cognitive training versus any control, Outcome 8 Executive functions.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 1 Cognitive training versus any control

Outcome: 8 Executive functions

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Wisconsin Card Sorting Test (total errors)

Mattioli 2010 10 -21.2 (9.1) 10 -43.5 (24.4) 15.4 % 1.16 [ 0.20, 2.12 ]

Subtotal (95% CI) 10 10 15.4 % 1.16 [ 0.20, 2.12 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.36 (P = 0.018)

2 Planning

Shatil 2010 22 0.07 (0.77) 24 0 (0.9) 42.6 % 0.08 [ -0.50, 0.66 ]

Subtotal (95% CI) 22 24 42.6 % 0.08 [ -0.50, 0.66 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.28 (P = 0.78)

3 Time estimation

Shatil 2010 22 0.62 (0.61) 24 0.34 (1) 42.0 % 0.33 [ -0.25, 0.91 ]

Subtotal (95% CI) 22 24 42.0 % 0.33 [ -0.25, 0.91 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.11 (P = 0.27)

Total (95% CI) 54 58 100.0 % 0.35 [ -0.03, 0.73 ]

Heterogeneity: Chi2 = 3.54, df = 2 (P = 0.17); I2 =44%

Test for overall effect: Z = 1.82 (P = 0.068)

Test for subgroup differences: Chi2 = 3.54, df = 2 (P = 0.17), I2 =44%
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Analysis 1.9. Comparison 1 Cognitive training versus any control, Outcome 9 Verbal functions.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 1 Cognitive training versus any control

Outcome: 9 Verbal functions

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Naming

Shatil 2010 22 0.68 (0.56) 24 0.54 (0.85) 28.4 % 0.19 [ -0.39, 0.77 ]

Subtotal (95% CI) 22 24 28.4 % 0.19 [ -0.39, 0.77 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.64 (P = 0.52)

2 Controlled Oral Word Association Test (phonemic)

Mattioli 2010 10 35.8 (10.3) 10 29.3 (12.6) 11.9 % 0.54 [ -0.36, 1.44 ]

Solari 2004 40 22.9 (9.6) 37 21.8 (7) 47.6 % 0.13 [ -0.32, 0.58 ]

Subtotal (95% CI) 50 47 59.5 % 0.21 [ -0.19, 0.61 ]

Heterogeneity: Chi2 = 0.65, df = 1 (P = 0.42); I2 =0.0%

Test for overall effect: Z = 1.03 (P = 0.30)

3 Controlled Oral Word Association Test (semantic)

Mattioli 2010 10 39.6 (12.6) 10 35.2 (8.3) 12.1 % 0.39 [ -0.49, 1.28 ]

Subtotal (95% CI) 10 10 12.1 % 0.39 [ -0.49, 1.28 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.87 (P = 0.38)

Total (95% CI) 82 81 100.0 % 0.23 [ -0.08, 0.54 ]

Heterogeneity: Chi2 = 0.81, df = 3 (P = 0.85); I2 =0.0%

Test for overall effect: Z = 1.44 (P = 0.15)

Test for subgroup differences: Chi2 = 0.16, df = 2 (P = 0.92), I2 =0.0%
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Analysis 1.10. Comparison 1 Cognitive training versus any control, Outcome 10 Depression.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 1 Cognitive training versus any control

Outcome: 10 Depression

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 Montgomery-Asber Depression Rating Scale

Mattioli 2010 10 -6 (5.1) 10 -15.5 (8.8) 16.6 % 1.27 [ 0.29, 2.24 ]

Subtotal (95% CI) 10 10 16.6 % 1.27 [ 0.29, 2.24 ]

Heterogeneity: not applicable

Test for overall effect: Z = 2.53 (P = 0.011)

2 Chigago Mood Depression Inventory

Solari 2004 40 -28.4 (11.1) 37 -28.4 (10.3) 32.5 % 0.0 [ -0.45, 0.45 ]

Subtotal (95% CI) 40 37 32.5 % 0.0 [ -0.45, 0.45 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.0 (P = 1.0)

3 Allgemeine Depressionskala

Vogt 2008 15 -12.21 (12.2) 15 -12.86 (10.98) 23.3 % 0.05 [ -0.66, 0.77 ]

Subtotal (95% CI) 15 15 23.3 % 0.05 [ -0.66, 0.77 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.15 (P = 0.88)

4 Zung Depression Scale

Shatil 2010 22 -61.36 (6.76) 24 -59.27 (6.49) 27.6 % -0.31 [ -0.89, 0.27 ]

Subtotal (95% CI) 22 24 27.6 % -0.31 [ -0.89, 0.27 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.04 (P = 0.30)

Total (95% CI) 87 86 100.0 % 0.14 [ -0.37, 0.65 ]

Heterogeneity: Tau2 = 0.16; Chi2 = 7.43, df = 3 (P = 0.06); I2 =60%

Test for overall effect: Z = 0.53 (P = 0.60)

Test for subgroup differences: Chi2 = 7.43, df = 3 (P = 0.06), I2 =60%
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Analysis 1.11. Comparison 1 Cognitive training versus any control, Outcome 11 Quality of life.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 1 Cognitive training versus any control

Outcome: 11 Quality of life

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Multiple Sclerosis Quality of Life

Mattioli 2010 10 185.2 (36.8) 10 167.3 (36.7) 15.5 % 0.47 [ -0.42, 1.36 ]

Subtotal (95% CI) 10 10 15.5 % 0.47 [ -0.42, 1.36 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.03 (P = 0.30)

2 Functional Assessment of MS

Vogt 2008 15 118.6 (34.08) 15 122.93 (32.77) 24.0 % -0.13 [ -0.84, 0.59 ]

Subtotal (95% CI) 15 15 24.0 % -0.13 [ -0.84, 0.59 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.34 (P = 0.73)

3 54-item MS Quality of Life Questionnaire / Mental health composite

Solari 2004 40 72.1 (50.9) 37 56.8 (29.8) 60.5 % 0.36 [ -0.09, 0.81 ]

Subtotal (95% CI) 40 37 60.5 % 0.36 [ -0.09, 0.81 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.56 (P = 0.12)

Total (95% CI) 65 62 100.0 % 0.26 [ -0.09, 0.61 ]

Heterogeneity: Chi2 = 1.51, df = 2 (P = 0.47); I2 =0.0%

Test for overall effect: Z = 1.45 (P = 0.15)

Test for subgroup differences: Chi2 = 1.51, df = 2 (P = 0.47), I2 =0.0%
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Analysis 1.12. Comparison 1 Cognitive training versus any control, Outcome 12 Fatigue.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 1 Cognitive training versus any control

Outcome: 12 Fatigue

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Fatigue Scale for Motor and Cognitive functions

Vogt 2008 15 -61.73 (19.08) 15 -65.06 (16.68) 28.4 % 0.18 [ -0.54, 0.90 ]

Subtotal (95% CI) 15 15 28.4 % 0.18 [ -0.54, 0.90 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.49 (P = 0.62)

2 Modified Fatigue Impact Scale

Vogt 2008 15 -34.13 (17.34) 15 -37.53 (17.29) 28.4 % 0.19 [ -0.53, 0.91 ]

Subtotal (95% CI) 15 15 28.4 % 0.19 [ -0.53, 0.91 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.52 (P = 0.60)

3 Fatigue Severity Scale

Shatil 2010 22 -44 (14.51) 24 -39.83 (17.85) 43.3 % -0.25 [ -0.83, 0.33 ]

Subtotal (95% CI) 22 24 43.3 % -0.25 [ -0.83, 0.33 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.85 (P = 0.40)

Total (95% CI) 52 54 100.0 % 0.00 [ -0.39, 0.38 ]

Heterogeneity: Chi2 = 1.23, df = 2 (P = 0.54); I2 =0.0%

Test for overall effect: Z = 0.02 (P = 0.99)

Test for subgroup differences: Chi2 = 1.23, df = 2 (P = 0.54), I2 =0.0%
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Analysis 2.1. Comparison 2 Cognitive training versus any control (longitudinal follow-up), Outcome 1

Attention.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 2 Cognitive training versus any control (longitudinal follow-up)

Outcome: 1 Attention

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Paced Auditory Serial Addition Test 2’

Solari 2004 40 21.2 (9) 37 27 (19.7) 49.5 % -0.38 [ -0.83, 0.07 ]

Subtotal (95% CI) 40 37 49.5 % -0.38 [ -0.83, 0.07 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.65 (P = 0.099)

2 Symbol Digit Modalities Test

Solari 2004 40 30.6 (7.1) 37 31.1 (9.6) 50.5 % -0.06 [ -0.51, 0.39 ]

Subtotal (95% CI) 40 37 50.5 % -0.06 [ -0.51, 0.39 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.26 (P = 0.80)

Total (95% CI) 80 74 100.0 % -0.22 [ -0.54, 0.10 ]

Heterogeneity: Chi2 = 0.98, df = 1 (P = 0.32); I2 =0.0%

Test for overall effect: Z = 1.35 (P = 0.18)

Test for subgroup differences: Chi2 = 0.98, df = 1 (P = 0.32), I2 =0.0%
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Analysis 2.2. Comparison 2 Cognitive training versus any control (longitudinal follow-up), Outcome 2

Immediate verbal memory.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 2 Cognitive training versus any control (longitudinal follow-up)

Outcome: 2 Immediate verbal memory

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Buschke Selective Reminding Test / Consistent long-term retrieval

Solari 2004 40 32.8 (39.6) 37 33.1 (38.6) 100.0 % -0.30 [ -17.77, 17.17 ]

Total (95% CI) 40 37 100.0 % -0.30 [ -17.77, 17.17 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.03 (P = 0.97)

Test for subgroup differences: Not applicable
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Analysis 2.3. Comparison 2 Cognitive training versus any control (longitudinal follow-up), Outcome 3

Immediate visual memory.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 2 Cognitive training versus any control (longitudinal follow-up)

Outcome: 3 Immediate visual memory

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 10/36 Spatial Recall Test / Immediate recall

Solari 2004 40 15.8 (7.2) 37 17 (9) 100.0 % -1.20 [ -4.86, 2.46 ]

Total (95% CI) 40 37 100.0 % -1.20 [ -4.86, 2.46 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.64 (P = 0.52)

Test for subgroup differences: Not applicable
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Analysis 2.4. Comparison 2 Cognitive training versus any control (longitudinal follow-up), Outcome 4

Delayed memory.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 2 Cognitive training versus any control (longitudinal follow-up)

Outcome: 4 Delayed memory

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Buschke Selective Reminding Test / Delayed recall

Solari 2004 40 6.3 (2.3) 37 7.5 (5.1) 50.0 % -0.30 [ -0.75, 0.15 ]

Subtotal (95% CI) 40 37 50.0 % -0.30 [ -0.75, 0.15 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.33 (P = 0.18)

2 10/36 Spatial Recall Test / Delayed recall

Solari 2004 40 5.5 (3.1) 37 6.9 (5.8) 50.0 % -0.30 [ -0.75, 0.15 ]

Subtotal (95% CI) 40 37 50.0 % -0.30 [ -0.75, 0.15 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.31 (P = 0.19)

Total (95% CI) 80 74 100.0 % -0.30 [ -0.62, 0.02 ]

Heterogeneity: Chi2 = 0.00, df = 1 (P = 0.99); I2 =0.0%

Test for overall effect: Z = 1.87 (P = 0.062)

Test for subgroup differences: Chi2 = 0.00, df = 1 (P = 0.99), I2 =0.0%
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Analysis 2.5. Comparison 2 Cognitive training versus any control (longitudinal follow-up), Outcome 5

Verbal functions.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 2 Cognitive training versus any control (longitudinal follow-up)

Outcome: 5 Verbal functions

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Controlled Oral Word Association Test (phonemic)

Solari 2004 40 28.4 (10) 37 26.3 (7.7) 100.0 % 2.10 [ -1.87, 6.07 ]

Total (95% CI) 40 37 100.0 % 2.10 [ -1.87, 6.07 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.04 (P = 0.30)

Test for subgroup differences: Not applicable
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Analysis 2.6. Comparison 2 Cognitive training versus any control (longitudinal follow-up), Outcome 6

Depression.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 2 Cognitive training versus any control (longitudinal follow-up)

Outcome: 6 Depression

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Chigago Mood Depression Inventory

Solari 2004 40 -27.3 (11.1) 37 -26.9 (10.2) 100.0 % -0.40 [ -5.16, 4.36 ]

Total (95% CI) 40 37 100.0 % -0.40 [ -5.16, 4.36 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.16 (P = 0.87)

Test for subgroup differences: Not applicable
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Analysis 2.7. Comparison 2 Cognitive training versus any control (longitudinal follow-up), Outcome 7

Quality of life.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 2 Cognitive training versus any control (longitudinal follow-up)

Outcome: 7 Quality of life

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 54-item MS Quality of Life Questionnaire / Mental health composite

Solari 2004 40 60.8 (32.4) 37 70.2 (50) 100.0 % -9.40 [ -28.38, 9.58 ]

Total (95% CI) 40 37 100.0 % -9.40 [ -28.38, 9.58 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.97 (P = 0.33)

Test for subgroup differences: Not applicable

-100 -50 0 50 100

Favours control Favours intervention

80Neuropsychological rehabilitation for multiple sclerosis (Review)

Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 3.1. Comparison 3 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control, Outcome 1 Attention.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 3 Cognitive training combined with other neuropsychological rehabilitation methods versus any control

Outcome: 1 Attention

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Sustained attention test / correct answers

Tesar 2005 10 47.1 (19.9) 9 47.5 (18.6) 19.0 % -0.02 [ -0.92, 0.88 ]

Subtotal (95% CI) 10 9 19.0 % -0.02 [ -0.92, 0.88 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.04 (P = 0.97)

2 Paced Auditory Serial Addition Test 3’

Hildebrandt 2007 17 0.017 (0.83) 25 0.01 (1.09) 40.6 % 0.01 [ -0.61, 0.62 ]

Subtotal (95% CI) 17 25 40.6 % 0.01 [ -0.61, 0.62 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.02 (P = 0.98)

3 Test Battery of Attention / alertness without cueing

Hildebrandt 2007 17 248 (85) 25 233 (45) 40.3 % 0.23 [ -0.39, 0.85 ]

Subtotal (95% CI) 17 25 40.3 % 0.23 [ -0.39, 0.85 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.73 (P = 0.47)

Total (95% CI) 44 59 100.0 % 0.09 [ -0.30, 0.48 ]

Heterogeneity: Chi2 = 0.32, df = 2 (P = 0.85); I2 =0.0%

Test for overall effect: Z = 0.46 (P = 0.65)

Test for subgroup differences: Chi2 = 0.32, df = 2 (P = 0.85), I2 =0.0%
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Analysis 3.2. Comparison 3 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control, Outcome 2 Information processing speed.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 3 Cognitive training combined with other neuropsychological rehabilitation methods versus any control

Outcome: 2 Information processing speed

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Sustained Attention Test / variation reaction time

Tesar 2005 10 -44.4 (10.6) 9 -44.4 (10.6) 12.3 % 0.0 [ -0.90, 0.90 ]

Subtotal (95% CI) 10 9 12.3 % 0.0 [ -0.90, 0.90 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.0 (P = 1.0)

2 2-back / reaction time

Fink 2010 11 -589 (146) 29 -640.7 (215.2) 20.5 % 0.25 [ -0.44, 0.95 ]

Subtotal (95% CI) 11 29 20.5 % 0.25 [ -0.44, 0.95 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.72 (P = 0.47)

3 Preference shifting / reaction time

Fink 2010 11 -638 (185) 29 -649.2 (141.6) 20.7 % 0.07 [ -0.62, 0.77 ]

Subtotal (95% CI) 11 29 20.7 % 0.07 [ -0.62, 0.77 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.20 (P = 0.84)

4 Response shifting / reaction time

Fink 2010 11 -656 (219) 29 -702.4 (170.5) 20.5 % 0.25 [ -0.45, 0.94 ]

Subtotal (95% CI) 11 29 20.5 % 0.25 [ -0.45, 0.94 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.69 (P = 0.49)

5 Test Battery of Attention / Object alternation

Hildebrandt 2007 17 -820 (323) 25 -744 (233) 26.0 % -0.27 [ -0.89, 0.35 ]

Subtotal (95% CI) 17 25 26.0 % -0.27 [ -0.89, 0.35 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.87 (P = 0.39)

Total (95% CI) 60 121 100.0 % 0.05 [ -0.27, 0.36 ]

Heterogeneity: Chi2 = 1.70, df = 4 (P = 0.79); I2 =0.0%

Test for overall effect: Z = 0.29 (P = 0.77)

Test for subgroup differences: Chi2 = 1.70, df = 4 (P = 0.79), I2 =0.0%
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Analysis 3.3. Comparison 3 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control, Outcome 3 Working memory.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 3 Cognitive training combined with other neuropsychological rehabilitation methods versus any control

Outcome: 3 Working memory

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 2-back / commissions

Fink 2010 11 4.2 (6.5) 29 3 (4.2) 100.0 % 1.20 [ -2.93, 5.33 ]

Total (95% CI) 11 29 100.0 % 1.20 [ -2.93, 5.33 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.57 (P = 0.57)

Test for subgroup differences: Not applicable
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Analysis 3.4. Comparison 3 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control, Outcome 4 Immediate verbal memory.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 3 Cognitive training combined with other neuropsychological rehabilitation methods versus any control

Outcome: 4 Immediate verbal memory

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Verbal-learning Test

Tesar 2005 10 52 (8.2) 9 48.2 (13.1) 0.8 % 3.80 [ -6.15, 13.75 ]

Subtotal (95% CI) 10 9 0.8 % 3.80 [ -6.15, 13.75 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.75 (P = 0.45)

2 California Verbal Learning Test / learning trials

Fink 2010 11 12.1 (2.1) 29 11.5 (1.7) 39.3 % 0.60 [ -0.79, 1.99 ]

Hildebrandt 2007 17 12.29 (2.12) 25 11.3 (1.94) 47.4 % 0.99 [ -0.27, 2.25 ]

Subtotal (95% CI) 28 54 86.7 % 0.81 [ -0.12, 1.75 ]

Heterogeneity: Chi2 = 0.17, df = 1 (P = 0.68); I2 =0.0%

Test for overall effect: Z = 1.71 (P = 0.088)

3 Hopkins Verbal Learning Test-revised

Chiaravalloti 2005 14 26.57 (3.69) 14 26.29 (2.89) 12.5 % 0.28 [ -2.18, 2.74 ]

Subtotal (95% CI) 14 14 12.5 % 0.28 [ -2.18, 2.74 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.22 (P = 0.82)

Total (95% CI) 52 77 100.0 % 0.77 [ -0.10, 1.64 ]

Heterogeneity: Chi2 = 0.68, df = 3 (P = 0.88); I2 =0.0%

Test for overall effect: Z = 1.73 (P = 0.083)

Test for subgroup differences: Chi2 = 0.52, df = 2 (P = 0.77), I2 =0.0%
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Analysis 3.5. Comparison 3 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control, Outcome 5 Immediate visual memory.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 3 Cognitive training combined with other neuropsychological rehabilitation methods versus any control

Outcome: 5 Immediate visual memory

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Non-Verbal Learning Test

Tesar 2005 10 52 (8.2) 9 48.2 (13.1) 100.0 % 3.80 [ -6.15, 13.75 ]

Total (95% CI) 10 9 100.0 % 3.80 [ -6.15, 13.75 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.75 (P = 0.45)

Test for subgroup differences: Not applicable
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Analysis 3.6. Comparison 3 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control, Outcome 6 Delayed memory.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 3 Cognitive training combined with other neuropsychological rehabilitation methods versus any control

Outcome: 6 Delayed memory

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 California Verbal Learning Test / long delay free recall

Hildebrandt 2007 17 13.24 (3.35) 25 12.16 (3.22) 100.0 % 1.08 [ -0.95, 3.11 ]

Total (95% CI) 17 25 100.0 % 1.08 [ -0.95, 3.11 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.04 (P = 0.30)

Test for subgroup differences: Not applicable
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Analysis 3.7. Comparison 3 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control, Outcome 7 Executive functions.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 3 Cognitive training combined with other neuropsychological rehabilitation methods versus any control

Outcome: 7 Executive functions

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Computer-aided Card-Sorting Procedure / correct answers

Tesar 2005 10 47.1 (19.9) 9 47.5 (18.6) 23.0 % -0.02 [ -0.92, 0.88 ]

Subtotal (95% CI) 10 9 23.0 % -0.02 [ -0.92, 0.88 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.04 (P = 0.97)

2 Preference Shifting / trials to criterion

Fink 2010 11 33 (19) 29 39.8 (20.5) 38.3 % -0.33 [ -1.03, 0.37 ]

Subtotal (95% CI) 11 29 38.3 % -0.33 [ -1.03, 0.37 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.93 (P = 0.35)

3 Response Shifting / trials to criterion

Fink 2010 11 49.3 (23.7) 29 44.7 (26.1) 38.6 % 0.18 [ -0.52, 0.87 ]

Subtotal (95% CI) 11 29 38.6 % 0.18 [ -0.52, 0.87 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.50 (P = 0.62)

Total (95% CI) 32 67 100.0 % -0.06 [ -0.50, 0.37 ]

Heterogeneity: Chi2 = 1.03, df = 2 (P = 0.60); I2 =0.0%

Test for overall effect: Z = 0.29 (P = 0.77)

Test for subgroup differences: Chi2 = 1.03, df = 2 (P = 0.60), I2 =0.0%
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Analysis 3.8. Comparison 3 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control, Outcome 8 Visual functions.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 3 Cognitive training combined with other neuropsychological rehabilitation methods versus any control

Outcome: 8 Visual functions

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Intelligence Test-revised (HAWIE-R)

Tesar 2005 10 11.2 (2.9) 9 9 (2.4) 100.0 % 2.20 [ -0.19, 4.59 ]

Total (95% CI) 10 9 100.0 % 2.20 [ -0.19, 4.59 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.81 (P = 0.071)

Test for subgroup differences: Not applicable
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Analysis 3.9. Comparison 3 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control, Outcome 9 Everyday cognitive performance / patient’s report.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 3 Cognitive training combined with other neuropsychological rehabilitation methods versus any control

Outcome: 9 Everyday cognitive performance / patient’s report

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Memory Aids Questionnaire

Lincoln 2002 72 10.3 (6.6) 153 10.8 (6.4) 32.2 % -0.08 [ -0.36, 0.20 ]

Subtotal (95% CI) 72 153 32.2 % -0.08 [ -0.36, 0.20 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.54 (P = 0.59)

2 Memory Functioning Questionnaire / overall rating

Chiaravalloti 2005 14 3.46 (1.56) 14 4.14 (1.75) 4.5 % -0.40 [ -1.15, 0.35 ]

Subtotal (95% CI) 14 14 4.5 % -0.40 [ -1.15, 0.35 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.04 (P = 0.30)

3 Everyday Memory Questionnaire / patient’s report

Lincoln 2002 71 23.3 (20.3) 146 23.8 (21.4) 31.4 % -0.02 [ -0.31, 0.26 ]

Subtotal (95% CI) 71 146 31.4 % -0.02 [ -0.31, 0.26 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.16 (P = 0.87)

4 Dysexecutive Memory Questionnaire / patient’s report

Lincoln 2002 71 20.4 (13) 152 20.2 (14.4) 31.9 % 0.01 [ -0.27, 0.30 ]

Subtotal (95% CI) 71 152 31.9 % 0.01 [ -0.27, 0.30 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.10 (P = 0.92)

Total (95% CI) 228 465 100.0 % -0.05 [ -0.20, 0.11 ]

Heterogeneity: Chi2 = 1.10, df = 3 (P = 0.78); I2 =0.0%

Test for overall effect: Z = 0.56 (P = 0.57)

Test for subgroup differences: Chi2 = 1.10, df = 3 (P = 0.78), I2 =0.0%
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Analysis 3.10. Comparison 3 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control, Outcome 10 Everyday cognitive performance / carer’s report.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 3 Cognitive training combined with other neuropsychological rehabilitation methods versus any control

Outcome: 10 Everyday cognitive performance / carer’s report

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Everyday Memory Questionnaire / carer’s report

Lincoln 2002 55 21.4 (21.4) 122 20.5 (22.6) 50.1 % 0.04 [ -0.28, 0.36 ]

Subtotal (95% CI) 55 122 50.1 % 0.04 [ -0.28, 0.36 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.25 (P = 0.80)

2 Dysexecutive Syndrome Questionnaire / carer’s report

Lincoln 2002 54 21.4 (16.7) 125 21.6 (16.9) 49.9 % -0.01 [ -0.33, 0.31 ]

Subtotal (95% CI) 54 125 49.9 % -0.01 [ -0.33, 0.31 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.07 (P = 0.94)

Total (95% CI) 109 247 100.0 % 0.01 [ -0.21, 0.24 ]

Heterogeneity: Chi2 = 0.05, df = 1 (P = 0.82); I2 =0.0%

Test for overall effect: Z = 0.12 (P = 0.90)

Test for subgroup differences: Chi2 = 0.05, df = 1 (P = 0.82), I2 =0.0%
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Analysis 3.11. Comparison 3 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control, Outcome 11 Depression.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 3 Cognitive training combined with other neuropsychological rehabilitation methods versus any control

Outcome: 11 Depression

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Beck Depression Inventory

Chiaravalloti 2005 14 -6.21 (6.2) 14 -8.36 (6.28) 26.3 % 2.15 [ -2.47, 6.77 ]

Hildebrandt 2007 17 -10.3 (8.5) 25 -11 (7.9) 21.7 % 0.70 [ -4.39, 5.79 ]

Tesar 2005 10 -8.6 (4.1) 9 -7.7 (3.2) 52.0 % -0.90 [ -4.19, 2.39 ]

Total (95% CI) 41 48 100.0 % 0.25 [ -2.12, 2.62 ]

Heterogeneity: Chi2 = 1.15, df = 2 (P = 0.56); I2 =0.0%

Test for overall effect: Z = 0.21 (P = 0.84)

Test for subgroup differences: Not applicable
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Analysis 3.12. Comparison 3 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control, Outcome 12 Quality of life.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 3 Cognitive training combined with other neuropsychological rehabilitation methods versus any control

Outcome: 12 Quality of life

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 SF-36 Health Questionnaire (short form) / Mental score

Hildebrandt 2007 17 48.5 (13.3) 25 47.8 (9.7) 100.0 % 0.70 [ -6.68, 8.08 ]

Total (95% CI) 17 25 100.0 % 0.70 [ -6.68, 8.08 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.19 (P = 0.85)

Test for subgroup differences: Not applicable
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Analysis 3.13. Comparison 3 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control, Outcome 13 Fatigue.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 3 Cognitive training combined with other neuropsychological rehabilitation methods versus any control

Outcome: 13 Fatigue

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Modified Fatigue Impact Scale

Tesar 2005 10 -41.2 (13.2) 9 -33.3 (16.5) 31.0 % -0.51 [ -1.43, 0.41 ]

Subtotal (95% CI) 10 9 31.0 % -0.51 [ -1.43, 0.41 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.08 (P = 0.28)

2 Fatigue Severity Scale

Hildebrandt 2007 17 -37.5 (15) 25 -36.8 (14.5) 69.0 % -0.05 [ -0.66, 0.57 ]

Subtotal (95% CI) 17 25 69.0 % -0.05 [ -0.66, 0.57 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.15 (P = 0.88)

Total (95% CI) 27 34 100.0 % -0.19 [ -0.70, 0.32 ]

Heterogeneity: Chi2 = 0.67, df = 1 (P = 0.41); I2 =0.0%

Test for overall effect: Z = 0.73 (P = 0.47)

Test for subgroup differences: Chi2 = 0.67, df = 1 (P = 0.41), I2 =0.0%
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Analysis 3.14. Comparison 3 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control, Outcome 14 Anxiety.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 3 Cognitive training combined with other neuropsychological rehabilitation methods versus any control

Outcome: 14 Anxiety

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 State-Trait Anxiety Inventory / state

Chiaravalloti 2005 14 -30.14 (10.04) 14 -32.5 (9.31) 100.0 % 2.36 [ -4.81, 9.53 ]

Total (95% CI) 14 14 100.0 % 2.36 [ -4.81, 9.53 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.64 (P = 0.52)

Test for subgroup differences: Not applicable

-4 -2 0 2 4

Favours control Favours intervention

Analysis 4.1. Comparison 4 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control (longitudinal follow-up), Outcome 1 Attention.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 4 Cognitive training combined with other neuropsychological rehabilitation methods versus any control (longitudinal follow-up)

Outcome: 1 Attention

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Sustained attention test / correct answers

Tesar 2005 10 42.1 (12.6) 9 53.9 (21.5) 100.0 % -11.80 [ -27.87, 4.27 ]

Total (95% CI) 10 9 100.0 % -11.80 [ -27.87, 4.27 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.44 (P = 0.15)

Test for subgroup differences: Not applicable
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Analysis 4.2. Comparison 4 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control (longitudinal follow-up), Outcome 2 Information processing speed.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 4 Cognitive training combined with other neuropsychological rehabilitation methods versus any control (longitudinal follow-up)

Outcome: 2 Information processing speed

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Sustained attention test / variation reaction time

Tesar 2005 10 -44.8 (11.7) 9 -50.7 (7.7) 26.6 % 0.56 [ -0.36, 1.49 ]

Subtotal (95% CI) 10 9 26.6 % 0.56 [ -0.36, 1.49 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.19 (P = 0.23)

2 2-back / reaction time

Fink 2010 6 -685 (184) 14 -584.9 (187.5) 23.9 % -0.51 [ -1.49, 0.46 ]

Subtotal (95% CI) 6 14 23.9 % -0.51 [ -1.49, 0.46 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.04 (P = 0.30)

3 Preference shifting / reaction time

Fink 2010 6 -685 (142) 14 -676.6 (203.5) 24.8 % -0.04 [ -1.00, 0.91 ]

Subtotal (95% CI) 6 14 24.8 % -0.04 [ -1.00, 0.91 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.09 (P = 0.93)

4 Response shifting / reaction time

Fink 2010 6 -684 (230) 14 -716.1 (226) 24.7 % 0.14 [ -0.82, 1.09 ]

Subtotal (95% CI) 6 14 24.7 % 0.14 [ -0.82, 1.09 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.28 (P = 0.78)

Total (95% CI) 28 51 100.0 % 0.05 [ -0.43, 0.53 ]

Heterogeneity: Chi2 = 2.54, df = 3 (P = 0.47); I2 =0.0%

Test for overall effect: Z = 0.20 (P = 0.84)

Test for subgroup differences: Chi2 = 2.54, df = 3 (P = 0.47), I2 =0.0%
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Analysis 4.3. Comparison 4 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control (longitudinal follow-up), Outcome 3 Working memory.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 4 Cognitive training combined with other neuropsychological rehabilitation methods versus any control (longitudinal follow-up)

Outcome: 3 Working memory

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 2-back / commissions

Fink 2010 6 4.2 (5.2) 14 3.1 (2.2) 100.0 % 1.10 [ -3.22, 5.42 ]

Total (95% CI) 6 14 100.0 % 1.10 [ -3.22, 5.42 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.50 (P = 0.62)

Test for subgroup differences: Not applicable
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Analysis 4.4. Comparison 4 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control (longitudinal follow-up), Outcome 4 Immediate verbal memory.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 4 Cognitive training combined with other neuropsychological rehabilitation methods versus any control (longitudinal follow-up)

Outcome: 4 Immediate verbal memory

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Verbal-learning Test

Tesar 2005 10 56.9 (13.1) 9 50.4 (13.6) 29.2 % 0.47 [ -0.45, 1.38 ]

Subtotal (95% CI) 10 9 29.2 % 0.47 [ -0.45, 1.38 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.00 (P = 0.32)

2 Hopkins Verbal Learning Test-revised

Chiaravalloti 2005 14 27.07 (5.15) 14 27.64 (3.61) 44.6 % -0.12 [ -0.87, 0.62 ]

Subtotal (95% CI) 14 14 44.6 % -0.12 [ -0.87, 0.62 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.33 (P = 0.74)

3 California Verbal Learning Test / learning trials

Fink 2010 6 12.5 (2.1) 14 11.8 (1.4) 26.2 % 0.41 [ -0.55, 1.38 ]

Subtotal (95% CI) 6 14 26.2 % 0.41 [ -0.55, 1.38 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.84 (P = 0.40)

Total (95% CI) 30 37 100.0 % 0.19 [ -0.31, 0.68 ]

Heterogeneity: Chi2 = 1.24, df = 2 (P = 0.54); I2 =0.0%

Test for overall effect: Z = 0.75 (P = 0.45)

Test for subgroup differences: Chi2 = 1.24, df = 2 (P = 0.54), I2 =0.0%
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Analysis 4.5. Comparison 4 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control (longitudinal follow-up), Outcome 5 Immediate visual memory.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 4 Cognitive training combined with other neuropsychological rehabilitation methods versus any control (longitudinal follow-up)

Outcome: 5 Immediate visual memory

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Non-verbal Learning Test

Tesar 2005 10 49 (14.9) 9 48.3 (12.2) 100.0 % 0.70 [ -11.50, 12.90 ]

Total (95% CI) 10 9 100.0 % 0.70 [ -11.50, 12.90 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.11 (P = 0.91)

Test for subgroup differences: Not applicable
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Analysis 4.6. Comparison 4 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control (longitudinal follow-up), Outcome 6 Executive functions.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 4 Cognitive training combined with other neuropsychological rehabilitation methods versus any control (longitudinal follow-up)

Outcome: 6 Executive functions

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

1 Computer-aided Card-Sorting Procedure / correct answers

Tesar 2005 10 42.1 (12.6) 9 53.9 (21.5) 34.3 % -0.65 [ -1.58, 0.28 ]

Subtotal (95% CI) 10 9 34.3 % -0.65 [ -1.58, 0.28 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.37 (P = 0.17)

2 Preference shifting / trials to criterion

Fink 2010 6 59.2 (22.5) 14 42.3 (21.4) 32.4 % 0.75 [ -0.24, 1.74 ]

Subtotal (95% CI) 6 14 32.4 % 0.75 [ -0.24, 1.74 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.48 (P = 0.14)

3 Response shifting / trials to criterion

Fink 2010 6 40.4 (31.6) 14 50.8 (24.6) 33.2 % -0.37 [ -1.34, 0.59 ]

Subtotal (95% CI) 6 14 33.2 % -0.37 [ -1.34, 0.59 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.76 (P = 0.45)

Total (95% CI) 22 37 100.0 % -0.10 [ -0.93, 0.72 ]

Heterogeneity: Tau2 = 0.29; Chi2 = 4.44, df = 2 (P = 0.11); I2 =55%

Test for overall effect: Z = 0.25 (P = 0.80)

Test for subgroup differences: Chi2 = 4.44, df = 2 (P = 0.11), I2 =55%
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Analysis 4.7. Comparison 4 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control (longitudinal follow-up), Outcome 7 Visual functions.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 4 Cognitive training combined with other neuropsychological rehabilitation methods versus any control (longitudinal follow-up)

Outcome: 7 Visual functions

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Intelligence Test-revised (HAWIE-R)

Tesar 2005 10 10.6 (2.9) 9 10.4 (2.1) 100.0 % 0.20 [ -2.06, 2.46 ]

Total (95% CI) 10 9 100.0 % 0.20 [ -2.06, 2.46 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.17 (P = 0.86)

Test for subgroup differences: Not applicable
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Analysis 4.8. Comparison 4 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control (longitudinal follow-up), Outcome 8 Everyday cognitive performance / patient’s

report.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 4 Cognitive training combined with other neuropsychological rehabilitation methods versus any control (longitudinal follow-up)

Outcome: 8 Everyday cognitive performance / patient’s report

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Memory Aids Questionnaire

Lincoln 2002 66 10.1 (6.7) 143 10.7 (6.4) 31.3 % -0.09 [ -0.38, 0.20 ]

Subtotal (95% CI) 66 143 31.3 % -0.09 [ -0.38, 0.20 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.62 (P = 0.54)

2 Memory Functioning Questionnaire / overall memory

Chiaravalloti 2005 14 3.31 (1.25) 14 3.86 (1.23) 4.7 % -0.43 [ -1.18, 0.32 ]

Subtotal (95% CI) 14 14 4.7 % -0.43 [ -1.18, 0.32 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.12 (P = 0.26)

3 Everyday Memory Questionnaire / patient’s report

Lincoln 2002 66 22.4 (23.6) 142 22.1 (21.1) 31.2 % 0.01 [ -0.28, 0.31 ]

Subtotal (95% CI) 66 142 31.2 % 0.01 [ -0.28, 0.31 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.09 (P = 0.93)

4 Dysexecutive Syndrome Questionnaire / patient’s report

Lincoln 2002 70 20.4 (14.3) 145 20.6 (15.2) 32.7 % -0.01 [ -0.30, 0.27 ]

Subtotal (95% CI) 70 145 32.7 % -0.01 [ -0.30, 0.27 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.09 (P = 0.93)

Total (95% CI) 216 444 100.0 % -0.05 [ -0.21, 0.11 ]

Heterogeneity: Chi2 = 1.31, df = 3 (P = 0.73); I2 =0.0%

Test for overall effect: Z = 0.59 (P = 0.55)

Test for subgroup differences: Chi2 = 1.31, df = 3 (P = 0.73), I2 =0.0%
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Analysis 4.9. Comparison 4 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control (longitudinal follow-up), Outcome 9 Everyday cognitive performance / carer’s

report.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 4 Cognitive training combined with other neuropsychological rehabilitation methods versus any control (longitudinal follow-up)

Outcome: 9 Everyday cognitive performance / carer’s report

Study or subgroup Intervention Control

Std.
Mean

Difference Weight

Std.
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Everyday Memory Questionnaire / carer’s report

Lincoln 2002 55 18.3 (19.5) 108 17.6 (18.7) 49.5 % 0.04 [ -0.29, 0.36 ]

Subtotal (95% CI) 55 108 49.5 % 0.04 [ -0.29, 0.36 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.22 (P = 0.82)

2 Dysexecutive Syndrome Questionnaire / carer’s report

Lincoln 2002 56 20.6 (16.5) 110 21.2 (17.4) 50.5 % -0.03 [ -0.36, 0.29 ]

Subtotal (95% CI) 56 110 50.5 % -0.03 [ -0.36, 0.29 ]

Heterogeneity: not applicable

Test for overall effect: Z = 0.21 (P = 0.83)

Total (95% CI) 111 218 100.0 % 0.00 [ -0.23, 0.23 ]

Heterogeneity: Chi2 = 0.09, df = 1 (P = 0.76); I2 =0.0%

Test for overall effect: Z = 0.00 (P = 1.0)

Test for subgroup differences: Chi2 = 0.09, df = 1 (P = 0.76), I2 =0.0%

-1 -0.5 0 0.5 1

Favours control Favours intervention

101Neuropsychological rehabilitation for multiple sclerosis (Review)

Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 4.10. Comparison 4 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control (longitudinal follow-up), Outcome 10 Depression.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 4 Cognitive training combined with other neuropsychological rehabilitation methods versus any control (longitudinal follow-up)

Outcome: 10 Depression

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Beck Depression Inventory

Chiaravalloti 2005 14 -6.79 (8.15) 14 -7.29 (6.8) 36.6 % 0.50 [ -5.06, 6.06 ]

Tesar 2005 10 -8.3 (5.8) 9 -8.3 (3.4) 63.4 % 0.0 [ -4.23, 4.23 ]

Total (95% CI) 24 23 100.0 % 0.18 [ -3.18, 3.55 ]

Heterogeneity: Chi2 = 0.02, df = 1 (P = 0.89); I2 =0.0%

Test for overall effect: Z = 0.11 (P = 0.92)

Test for subgroup differences: Not applicable
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Analysis 4.11. Comparison 4 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control (longitudinal follow-up), Outcome 11 Fatigue.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 4 Cognitive training combined with other neuropsychological rehabilitation methods versus any control (longitudinal follow-up)

Outcome: 11 Fatigue

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 Fatigue Impact Scale

Tesar 2005 10 -41.8 (15.5) 9 -31.7 (18.8) 100.0 % -10.10 [ -25.69, 5.49 ]

Total (95% CI) 10 9 100.0 % -10.10 [ -25.69, 5.49 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.27 (P = 0.20)

Test for subgroup differences: Not applicable
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Analysis 4.12. Comparison 4 Cognitive training combined with other neuropsychological rehabilitation

methods versus any control (longitudinal follow-up), Outcome 12 Anxiety.

Review: Neuropsychological rehabilitation for multiple sclerosis

Comparison: 4 Cognitive training combined with other neuropsychological rehabilitation methods versus any control (longitudinal follow-up)

Outcome: 12 Anxiety

Study or subgroup Intervention Control
Mean

Difference Weight
Mean

Difference

N Mean(SD) N Mean(SD) IV,Fixed,95% CI IV,Fixed,95% CI

1 State Trait Anxiety Inventory / state

Chiaravalloti 2005 14 -26.71 (9.61) 14 -32.79 (11) 100.0 % 6.08 [ -1.57, 13.73 ]

Total (95% CI) 14 14 100.0 % 6.08 [ -1.57, 13.73 ]

Heterogeneity: not applicable

Test for overall effect: Z = 1.56 (P = 0.12)

Test for subgroup differences: Not applicable
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A D D I T I O N A L T A B L E S

Table 1. Table 1. The four most commonly used outcome measures in the 14 studies.

Measure Amount of studies (%)*

Beck Depression Inventory (BDI) 6 (43)

Wechsler Adult Intelligence Scale (WAIS) / Wechsler Memory

Scale (WMS) / Digit Span

5 (36)

Paced Auditory Serial Addition Test (PASAT) 5 (36)

Symbol Digit Modalities Test (SDMT) 4 (29)

*Also other outcome measures were used in all studies.
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Table 2. Table 2. Results of the study of Jonsson 1993.

Study Main result Other results

Jonsson 1993 Immediate follow-up

Visual perception: The intervention group improved sig-

nificantly compared to the control group (P < 0.004)

Beck Depression Inventory (BDI): The intervention

group improved significantly compared to the control

group (P < 0.04)

Longitudinal follow-up (6 months)

Visuospatial memory: The intervention group improved

significantly compared to the control group (P = 0.05)

BDI: The intervention group improved significantly

compared to the control group (P = 0.03)

Immediate follow-up

In most cognitive tests, improvement due to learning and

unspecific treatment effects

Visuospatial memory: The intervention group improved

compared to the control group (trend to significance P =

0.08)

Visuo-motor speed: The control group improved com-

pared to the intervention group (trend to significance P

= 0.07)

State-Trait Anxiety Inventory (STAI): No change

Longitudinal follow-up (6 months)

Visual perception: The intervention group improved

compared to the control group (trend to significance P =

0.09)

Sum of the 11 cognitive tests: The intervention group

improved compared to the control group (trend to signif-

icance P = 0.09)

Table 3. Table 3. Results of the studies of Benedict 2000 and Mendoza 2001.

Study Main result Other results

Benedict 2000 Modified Social Aggression Scale: The intervention

group improved significantly compared to the control

group (P < 0.001)

Beck Depression Inventory (BDI): Both groups showed

modest improvement (not statistically significant),

change-scores did not differ between groups

Hogan Empathy Scale (HES), NEO-Personality Inven-

tory (NEO-PI): No change

Mendoza 2001 Beck Depression Inventory (BDI): Significant improve-

ment in the intervention group compared to the control

group (P < 0.001)

Activity level: Participants in the intervention group par-

ticipated more often in voluntary unit activities than did

participants in the control group (trend to significance

P < 0.06)

Cognitive functions: No change

Table 4. Table 4. Recommendations for future studies concerning neuropsychological rehabilitation.

No Recommendation

1 The use of comprehensive risk of bias (e.g. Higgins 2011) or quality assessment criteria (e.g. Van Tulder 2003) as a guiding

principle in preparing the research designs

2 Detailed reporting of the methods applied in the study (e.g. flow-charts including exact number of patients)
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Table 4. Table 4. Recommendations for future studies concerning neuropsychological rehabilitation. (Continued)

3 Sufficient sample sizes

4 Objective baseline assessment of the cognitive status of the patients

5 Evaluating treatment effects in cognitively homogeneous groups

6 Detailed reporting of the most essential disease variables

7 Determining the aim of the intervention beforehand and measuring it with the primary measure

8 Detailed reporting of the contents of the interventions

9 Detailed reporting of the basic statistics and outcome assessment timing

10 The use of such outcome measures which more extensively reflect everyday functioning and the generalization effects of the

interventions, thus enabling the assessment of the achievement of individual rehabilitation aims related to everyday functions

11 Longitudinal follow-ups to evaluate the permanence of the treatment effects

A P P E N D I C E S

Appendix 1. Search strategies

ALL EBM REVIEWS - Cochrane Database of Systematic Reviews 2005 to date, EBM Reviews - ACP Journal Club 1991 to date, EBM

Reviews - Database of Abstracts of Reviews of Effects, EBM Reviews - Cochrane Central Register of Controlled Trials, EBM Reviews -

Cochrane Methodology Register, EBM Reviews - Health Technology Assessment, EBM Reviews - NHS Economic Evaluation Database

1 multiple sclerosis.mp. [mp=ti, ab, tx, kw, ct, ot, sh, hw]

2 ms.mp. [mp=ti, ab, tx, kw, ct, ot, sh, hw]

3 demyelinating autoimmune disease*.mp. [mp=ti, ab, tx, kw, ct, ot, sh, hw]

4 demyelinating disease*.mp. [mp=ti, ab, tx, kw, ct, ot, sh, hw]

5 4 or 1 or 3 or 2

6 (cogniti* or neuropsychol* or memor* or learn* or attenti* or information process* or language* or visuospat* or visuoconstruct*

or problem solving or reason* or execut* or metacognit*).mp. [mp=ti, ab, tx, kw, ct, ot, sh, hw]
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(Continued)

7 (rehabilit* or restitut* or remediat* or restorat* or retrain* or train* or recover* or treat* or guid* or instruct* or teach* or stimulat*

or exerci* or strateg* or counsel* or therap* or intervent* or manage*).mp. [mp=ti, ab, tx, kw, ct, ot, sh, hw]

8 6 and 7 and 5

EBM = Evidence-Based Medicine; mp = multiple (free text search); ti = title; ot = original title; ab = abstract; tx = full text; kw =

keywords; ct = caption text; sh = subject heading; hw = heading word.

Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and Ovid MEDLINE(R) (1950 to date)

1 exp demyelinating autoimmune diseases, cns/ or exp multiple sclerosis/

2 (multiple sclerosis or ms).mp. [mp=title, original title, abstract, name of substance word, subject heading word, unique identifier]

3 1 or 2

4 exp cognition/ or exp awareness/ or exp cognitive dissonance/ or exp comprehension/ or exp consciousness/ or exp imagination/

or exp intuition/ or exp learning/ or exp visual perception/ or exp thinking/ or exp psycholinguistics/

5 Neuropsychology/

6 exp Memory/

7 Attention/

8 Language/

9 exp Speech/

10 Problem Solving/

11 exp Mathematics/

12 Awareness/

13 6 or 11 or 7 or 9 or 12 or 8 or 4 or 10 or 5

14 (cogniti* or neuropsychol* or memor* or learn* or attenti* or information process* or language or visuospat* or visuoconstruct*

or problem solving or reason* or execut* or metacognit*).mp. [mp=title, original title, abstract, name of substance word, subject

heading word, unique identifier]

15 13 or 14

16 exp Rehabilitation/

17 Remedial Teaching/
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(Continued)

18 “Recovery of Function”/

19 Exercise/

20 exp Counseling/

21 18 or 19 or 16 or 17 or 20

22 (rehabilit* or restitut* or remediat* or restorat* or retrain* or train* or recover* or treat* or guid* or instruct* or teach* or

stimulat* or exerci* or strateg* or counsel* or therap* or intervent* or manage*).mp. [mp=title, original title, abstract, name of

substance word, subject heading word, unique identifier]

23 22 or 21

24 3 and 23 and 15

25 exp clinical trial/ or clinical trial, phase i/ or clinical trial, phase ii/ or clinical trial, phase iii/ or clinical trial, phase iv/ or controlled

clinical trial/ or multicenter study/ or randomized controlled trial/

26 (randomi* control* trial* or randomi* clinical trial* or random allocation* or controlled clinical trial* or clinical trial* or

experimental clinical trial* or controlled trial* or randomi*ed trial* or clinical randomi*ed trial* or controlled stud* or crossover

stud* or rct or crt).mp. [mp=title, original title, abstract, name of substance word, subject heading word, unique identifier]

27 25 or 26

28 27 and 24

29 limit 28 to humans

exp = exploaded; / = vocabulary term; mp = multiple (free text search).

EMBASE (Embase.com) (1974 to date)

’crossover procedure’/exp OR ’double blind procedure’/exp OR ’single blind procedure’/exp OR ’controlled clinical trial’/de OR

’randomized controlled trial’/exp OR random*:ab,ti OR factorial*:ab,ti OR crossover:ab,ti OR ’clinical trial’/exp OR (cross:ab,ti AND

over:ab,ti) OR placebo:ab,ti OR ’double blind’:ab,ti OR ’single blind’:ab,ti OR assign*:ab,ti OR allocat*:ab,ti OR volunteer*:ab,ti

AND (’multiple sclerosis’/exp OR ’demyelinating disease’/de OR ’optic neuritis’/exp OR ’acute disseminated encephalomyelitis’/exp

OR ’myelooptic neuropathy’/exp OR ’myelitis’/de OR ’multiple sclerosis’:ab,ti OR ’chronic progressive multiple sclerosis’:ab,ti OR

’progressive relapsing multiple sclerosis’:ab,ti OR ’secondary progressive multiple sclerosis’:ab,ti OR ’primary progressive multiple

sclerosis’:ab,ti OR ’relapsing remitting multiple sclerosis’:ab,ti OR ’remitting-relapsing multiple sclerosis’:ab,ti OR ’acute relapsing

multiple sclerosis’:ab,ti OR ’optic neurities’:ab,ti OR ’neuromyelitis optica’:ab,ti OR encephalomyelitis:ab,ti OR ’clinically isolated

syndrome’:ab,ti OR ’transverse myelitis’:ab,ti OR ’devic disease’:ab,ti OR ’demyelinating disease’:ab,ti OR ’demyelinating disorder’:

ab,ti OR ’acute disseminated encephalomyelitis’:ab,ti OR adem:ab,ti) NOT [medline]/lim AND (cogniti*:ab,ti OR neuropsychol*:

ab,ti OR memor*:ab,ti OR learn*:ab,ti OR attenti*:ab,ti OR ’information process’:ab,ti OR language:ab,ti OR visuospat*:ab,ti OR

visuoconstruct*:ab,ti OR ’problem solving’:ab,ti OR reason*:ab,ti OR execut*:ab,ti OR metacognit*:ab,ti) AND (’rehabilitation’/de

OR ’counseling’/exp OR (rehabilit*:ab,ti OR restitut*:ab,ti OR remediat*:ab,ti OR restorat*:ab,ti OR retrain*:ab,ti OR train*:ab,ti

AND recover*:ab,ti OR treat*:ab,ti AND guid*:ab,ti AND instruct*:ab,ti) OR teach:ab,ti OR stimulat*:ab,ti OR exerci*:ab,ti OR

strateg*:ab,ti OR counsel*:ab,ti OR therap*:ab,ti OR intervent*:ab,ti OR manage*:ab,ti) AND [humans]/lim AND [embase]/lim

PsycINFO (1806 to date)
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1 exp multiple sclerosis/

2 (multiple sclerosis or ms).mp. [mp=title, abstract, heading word, table of contents, key concepts]

3 1 or 2

4 exp cognition/ or exp cognitive development/ or cognitive impairment/ or exp cognitive processes/ or information processing

model/ or metacognition/ or need for cognition/

5 exp cognitive processes/ or exp comprehension/ or concentration/ or exp concept formation/ or exp decision making/ or

metacognition/ or naming/ or exp problem solving/ or exp thinking/

6 neuropsychology/

7 exp memory/

8 exp learning/

9 exp attention/

10 exp visual perception/

11 exp language/

12 exp mathematical ability/

13 exp metacognition/

14 exp awareness/

15 6 or 11 or 7 or 9 or 12 or 14 or 8 or 4 or 13 or 10 or 5

16 (cogniti* or neuropsychol* or memor* or learn* or attenti* or information process* or language or visuospat* or visuoconstruct*

or problem solving or reason* or execut* or metacognit*).mp. [mp=title, abstract, heading word, table of contents, key concepts]

17 16 or 15

18 exp rehabilitation/

19 exp training/

20 exp “recovery (disorders)”/

21 exp treatment/ or exp cognitive techniques/ or computer assisted therapy/ or exp rehabilitation/ or exp intervention/

22 exp counseling/ or rehabilitation counseling/
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23 (rehabilit* or restitut* or remediat* or restorat* or retrain* or train* or recover* or treat* or guid* or instruct* or teach* or

stimulat* or exerci* or strateg* or counsel* or therap* or intervent* or manage*).mp. [mp=title, abstract, heading word, table of

contents, key concepts]

24 22 or 21 or 18 or 23 or 19 or 20

25 3 and 24 and 17

26 exp clinical trials/

27 (randomi* controlled trial* or randomi* clinical trial* or controlled clinical trial* or clinical trial* or controlled stud* or

experimental clinical trial* or random allocation* or clinical randomi*ed trial* or rct or crt).mp. [mp=title, abstract, heading

word, table of contents, key concepts]

28 27 or 26

29 25 and 28

30 limit 29 to human

exp = exploaded; / = vocabulary term; mp = multiple (free text search).

WEB OF SCIENCE (WOS) (1986 to date)

1 TS=(multiple sclerosis or ms or demyelinating disease* or demyelinating autoimmune disease*)

Databases=SCI-EXPANDED, SSCI, A&HCI Timespan=All Years

2 TS=(cogniti* or neuropsychol* or memor* or learn* or attenti* or information process* or language or visuospat* or visuoconstruct*

or problem solving or reason* or execut* or metacognit*)

Databases=SCI-EXPANDED, SSCI, A&HCI Timespan=All Years

3 TS=(rehabilit* or restitut* or remediat* or restorat* or retrain* or train* or recover* or treat* or guid* or instruct* or teach* or

stimulat* or exerci* or strateg* or counsel* or therap* or intervent* or manage*): Databases=SCI-EXPANDED, SSCI, A&HCI

Timespan=All Years

4 #3 AND #2 AND #1: Databases=SCI-EXPANDED, SSCI, A&HCI Timespan=All Years

5 TS=(randomi* control* trial* or randomi* clinical trial* or random allocation* or controlled clinical trial* or clinical trial* or

experimental clinical trial* or controlled trial* or randomi*ed trial* or clinical randomi*ed trial* or controlled stud* or crossover

stud* or rct or crt)

Databases=SCI-EXPANDED, SSCI, A&HCI Timespan=All Years

6 #5 AND #4

Databases=SCI-EXPANDED, SSCI, A&HCI Timespan=All Years

TS = Topic; SCI-EXPANDED = Science Citation Index Expanded; SSCI = Social Sciences Citation Index; A&HCI = Arts & Humanities

Citation Index.

CINAHL (1982 to date)
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1 (MH “Multiple Sclerosis”) or (MH “Autoimmune Diseases+”)

2 TX Multiple sclerosis or ms

3 S1 or S2

4 (MH “Cognition+”) or (MH “Mental Processes+”)

5 (MH “Neuropsychology”)

6 (MH “Attention”)

7 (MH “Language+”)

8 (MH “Mathematics+”)

9 S4 or S5 or S6 or S7 or S8

10 TX cogniti* or neuropsychol* or memor* or learn* or attenti* or information process* or language or visuospat* or visuoconstruct*

or problem solving or reason* or execut* or metacognit*

11 S9 or S10

12 (MH “Rehabilitation+”)

13 (MH “Recovery”)

14 (MH “Counseling+”)

15 S12 or S13 or S14

16 TX rehabilit* or restitut* or remediat* or restorat* or retrain* or train* or recover* or treat* or guid* or instruct* or teach* or

stimulat* or exerci* or strateg* or counsel* or therap* or intervent* or manage*

17 S15 or S16

18 S3 and S11 and S17

19 (MH “Clinical Trials+”)

20 TX randomi* control* trial* or randomi* clinical trial* or random allocation* or controlled clinical trial* or clinical trial* or

experimental clinical trial* or controlled trial* or randomi*ed trial* or clinical randomi*ed trial* or controlled stud* or crossover

stud* or rct or crt

21 S19 or S20

22 S18 and S21

23 limiters: Human
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24 S22 and S23

CINAHL = Cumulative Index to Nursing and Allied Health Literature; MH = Cinahl exact subject headings; TX = all text.

H I S T O R Y

Protocol first published: Issue 5, 2011

Review first published: Issue 11, 2011

C O N T R I B U T I O N S O F A U T H O R S

Both authors (ER & PH) participated in the whole review process: selection and evaluation of the studies, extraction of the data,

analyses and writing the review.

D E C L A R A T I O N S O F I N T E R E S T

None known.

S O U R C E S O F S U P P O R T

Internal sources

• No sources of support supplied

External sources

• Finnish National Insurance Institution, Finland.

The study got financial support from the Finnish National Insurance Institution.

I N D E X T E R M S

Medical Subject Headings (MeSH)

Cognition Disorders [∗rehabilitation]; Depression [rehabilitation]; Memory Disorders [∗rehabilitation]; Multiple Sclerosis

[∗psychology; rehabilitation]; Neuropsychology; Quality of Life; Randomized Controlled Trials as Topic
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MeSH check words

Humans
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