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Abstract The aims of this article were to assess the

methodological challenges of randomized controlled trials

(RCTs) on cognitive interventions for people with multiple

sclerosis, and to discuss specific problems related to reha-

bilitation trials. A bibliographic search was carried out.

Selected articles were examined using five methodological

quality criteria related to description of the target popula-

tion, method of allocation, masking of patient and exam-

iner, the outcome measures and analysis. A total of 12

RCTs, published between 1996 and 2010, were found. Five

RCTs were on drug therapy (two on disease-modifying

therapies, one on donepezil and two on drugs for fatigue).

Seven RCTs were on rehabilitation (six on PC-based

retraining techniques). The quality of the studies was

overall low, inadequate selection of the target population

and limited study size being the most frequent limitations.

No clear improvement was found in the most recent stud-

ies. Additional methodological problems specific to reha-

bilitation trials are difficulties in defining and reproducing

the study intervention.

Keywords Multiple sclerosis � Randomized controlled

trials � Cognitive impairment � Rehabilitation �
Complex interventions

Introduction

Cognitive impairment is a common manifestation of

multiple sclerosis (MS), affecting 40–65% of patients

irrespective of disease subtype. Cognitive compromise can

be present early in the course of the disease and impacts

patient’s fulfillment of role in the family, social and work

life. Over the last two decades, interventions for cognitive

compromise in MS have been published.

This study examines the methodological challenges of

randomized controlled trials (RCTs) on cognitive symp-

toms in MS and discusses specific problems related to

rehabilitation trials. Clinical aspects of these interventions

are discussed in other articles of this issue.

A search of the following databases was carried out

in March 2010: Medline (Pubmed), embase, cinahl,

psycINFO, Cochrane Collaboration’s trial register, and

Database of Reviews of Effectiveness (DARE). The

following five methodological criteria were considered

[1]: the target population (eligibility criteria stated;

baseline comparability); allocation (random and con-

cealed); masking (subjects and assessors); outcomes

(explicit primary outcome stated; sample size calculation

reported; adequate follow-up); and analysis (intention

to treat; between-group comparisons). Furthermore,

description of the intervention in nonpharmacological

trials was considered.

Results

A total of 12 RCTs, published between 1996 and 2010, were

found. Of these, five were on pharmacological interventions

(three symptomatic treatments and two disease-modifying)

(Table 1), while seven were on rehabilitation (one on
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compensatory strategy [7] and six on PC-based retraining

[8–12]) (Table 2).

The target population

Eligibility criteria depended on the type of intervention. For

disease-modifying drugs, trials should target cognitively

preserved MS patients and follow them for a sufficient time

to assess the treatment effects on prevention of cognitive

compromise. The two published RCTs on disease-modify-

ing treatment provide exploratory data on RCTs designed

for different primary outcomes [2, 3]. In the interferon b 1a

trial, patients’ cognitive functioning at baseline was quite

heterogeneous [3]. In the glatiramer acetate trial, baseline

neuropsychological assessment was within the normal

range and remained stable in both arms during the 2-year

follow-up. Trials on symptomatic drugs [4–6] and those on

rehabilitation [7–13] included mildly to severely compro-

mised patients, mostly on the basis of neuropsychological

assessment. In all the RCTs considered, eligibility criteria

were specified and, despite the limited size of most of these

studies, comparability at baseline was fine in all but one

instance [6].

Allocation

Three of the included studies (25%) had a randomization

method that was considered inadequate (alternate assign-

ment) [11, 12] or not reported [5, 9, 13]. Concealed allo-

cation was not specified in two pharmacological (40%)

[4, 5] and three rehabilitation studies (43%) [8, 12, 13].

Concealment

Four drug trials (80%) and two rehabilitation trials (29%)

[10, 11] were double-blind studies [2–4, 6]. It should be

noted that having the patient blind is often unfeasible in

rehabilitation trials; however, a sham intervention or a low-

intensity intervention can be conceived for PC-based

retraining, allowing patient’s masking [10, 11].

Table 1 Published RCTs assessing the efficacy of pharmacological interventions

Study Year Participants

by arm

Intervention Target population

(eligibility/baseline

comparability)

Allocation

(randomized/

masked)

Blinding Outcomes

(primary/sample

size/follow-up)

Analysis (ITT/

between-group

comparison)

Smits [4] 1994 20a Aminopyridine ?/? ?/- DB -/-/- -/?

Geisler [5] 1996 16/13/16 Amantadine, pemoline -/? -/- SB -/-/- -/?

Weinstein [2] 1999 125/126 Glatiramer acetate -/? ?/? DB -/?/- ?/?

Fischer [3] 2000 138/138 Interferon b 1a -/? ?/? DB -/?/- -/?

Krupp [6] 2004 35/34 Donepezil ?/- ?/? DB ?/?/? ?/?

a Cross-over study

-, Inadequate, not performed or not reported

?, Performed and adequate

DB double blind, SB single blind, ITT intention to treat

Table 2 Published RCTs assessing the efficacy of cognitive retraining

Study Year Participants

by arm

Target population

(eligibility/baseline

comparability)

Allocation

(randomized/

masked)

Blinding Outcomes

(primary/sample

size/follow-up)

Analysis (ITT/

between-group

comparison)

Description

Jønsson [7] 1993 20/20 ?/? ?/? SB -/-/? -/? ?

Mendozzi [8] 1998 20/20/20 ?/? -/- SB -/-/? ?/? ?

Lincoln [9] 2002 82/79/79 ?/? ?/? SB -/-/? -/? ?

Solari [10] 2004 42/40 ?/? ?/? DB ?/?/? ?/? ?

Chiaravalloti [11] 2005 15/14 ?/? -/? DB ?/-/? -/? ?

Hildebrandt [12] 2007 17/25 -/? -/- SB -/-/- ?/? ?

Mattioli [13] 2010 10/10 ?/? -/- SB -/-/- -/? ?

-, Inadequate, not performed or not reported

?, Performed and adequate

DB double blind, SB single blind, ITT intention to treat
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Outcomes

Only one drug trial (20%) [6] and one rehabilitation trial

(14%) [10] specified the primary outcome measure and

provided the sample size justification. A practice effect was

almost universally reported. The length of follow-up

depends on the chosen study population, the main study

outcomes, as well as the type and predicted efficacy of the

study intervention. It was considered to be adequate in

three drug trials (60%) [2, 3, 6] and five rehabilitation trials

(71%) [7–11].

Analysis

All the published studies correctly performed between-arm

comparisons, but intention to treat analysis was conducted

only in two drug trials (40%) [2, 6] and three rehabilitation

trials (43%) [8, 10, 12]. Considering the interferon b 1a

trial [3], attrition was very high, exceeding 40%.

Description of the intervention in rehabilitation trials

The CONSORT statement on reporting clinical trials rec-

ommends that ‘‘precise details of the interventions intended

for each group and how and when they were actually

administered’’ should always be reported [14]. Adherence

to this recommendation is particularly important for RCTs

on rehabilitation interventions: full description of the spe-

cific rehabilitation technique or theory on which the

intervention is based, the setting, intensity, duration of the

retraining program, and the required experience and

training of the therapist is essential to document the

intervention, and make it understandable and replicable.

Another reason why rehabilitation interventions should be

described in detail is that their potential value can only then

be appreciated. It must be clear whether the trial is prag-

matic (focussing on measuring benefit of the intervention

when introduced into current clinical practice) or primarily

exploratory (aiming to measure benefit under ideal condi-

tions or determine which component of the intervention is

efficacious). In drug RCTs, the experimental intervention is

compared to placebo or an established drug. The compar-

ator in rehabilitation RCTs is much more problematic. An

adequate sham intervention can be devised only in selected

cases. Waiting list patients are not a good solution, since

the patients know they are receiving/not receiving the

intervention, and this can result in bias. A more acceptable

option is to use a low-intensity intervention as comparator,

although this is likely to reduce the study power and

require recruitment of more patients. In view of these

issues, the CONSORT Group recently developed an

extension of the CONSORT statement for nonpharmaco-

logical treatments [15]. Furthermore, the Medical Research

Council has produced guidance on how to develop and

evaluate such interventions (Fig. 1) [16, 17].

Conclusions

The methodological quality of an RCT has been defined as

the likelihood of the trial design generating unbiased

results that are sufficiently precise and allow application in

clinical practice [1]. Evidence for the effectiveness

of interventions to help cognitively compromised MS

people is scarce. Twelve RCTs [2–13] have been published

since 1993 and their quality is overall insufficient. Pitfalls

of RCTs on interventions for cognitive compromise in MS

include difficulty in choosing the appropriate study

Theory  Modelling  Exploratory (R)CT  RCT  Long-term 

Implementation 

Explore relevant 

theory to ensure 

best choice of 

intervention and 

hypothesis and to 

predict major 

confounders and 

strategic design 

issues 

 Identify the components 

of the intervention, and 

the underlying 

mechanisms by which 

they will influence 

outcomes to provide 

evidence that you can 

predict how they relate to 

and interact with each 

other 

 Describe the constant 

and variable 

components of a 

replicable intervention 

and a feasible 

protocol for 

comparing the 

intervention to an 

appropriate 

alternative 

 Compare a fully defined 

intervention to an 

appropriate alternative 

using a protocol that is 

theoretically defensible, 

reproducible and 

adequately controlled, in 

a study with appropriate 

statistical power 

 Determine whether 

others can reliably 

replicate your 

intervention and 

results in uncontrolled 

settings over the long-

term 

Preclinical  Phase I  Phase II  Phase III  Phase IV 
 

Continuum of increasing evidence 

Fig. 1 Phases in the

development of a clinical trial

involving a complex

intervention (adapted from the

UK Medical Research Council

framework for the development

and evaluation of complex

interventions by RCT) [16]
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population and outcome measure, and a limited study size. It

is also noteworthy that the most recent trials are not of high

quality. Other problems are specific to rehabilitation studies

and arise because: these interventions are multifaceted,

complex, and difficult to define and quantify; the training

and skills of clinicians administering the intervention can

vary; and patient blinding is difficult and often impossible.

Furthermore, the resources necessary to conduct rehabili-

tation trials according to good clinical practice and high

quality standards are generally lacking. The recently

updated CONSORT statement and MRC guideline should

improve clarity, completeness and transparency of reporting

trial findings; moreover, they should help researchers in

designing and conducting future studies [14–17].
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