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Abstract 

Background: Exercise as a subset of physical activity is a cornerstone in the management of multiple 

sclerosis (MS) based on its pleotropic effects, but continued progression of the field require better 

future designs and methodologies.  

Objectives: The present paper outlines the work of the “Study design and methodology” group of 

the MoXFo (moving exercise research forward) initiative, and addresses critical aspects and future 

directions when defining the research question of interest, and subsequently, designing the study 

and exercise intervention in MS patients.  

Methods: The work is based on the formation of an international expert panel formed within the 

MoXFo initiative. We provide a structured and concise synthesis of exercise-specific MS research 

challenges and considerations when designing randomized controlled trials (RCT).  

Results: Challenges and considerations are presented using the PICOTS (Patient population, 

Intervention, Comparator, Outcomes, Timing, Setting) framework, thereby forming a new and 

specific MS exercise PICOTS framework. 

Conclusions: We propose that researchers should carefully consider and align all elements of this 

MS exercise PICOTS framework when developing future research questions and study designs, 

ultimately improving the quality of new exercise studies in people with MS.  

  



Introduction 

Exercise, defined as a subset of physical activity that is planned, structured and repeated with the 

objective to maintain or improve physical function (see the “definitions and terminology” paper of 

the Moxfo (Moving exercise research in multiple sclerosis forward” initiative), may play an 

important role in management of MS.(1) The quantity of exercise studies in MS has increased 

dramatically over recent decades, yet with apparent limitaitions in relation to the design and 

methodology og studies.(2)  

The present paper outlines the work of the “Study design and methodology” group of the MoXFo 

initiative, and addresses critical aspects and future directions when initially defining the research 

question of interest and subsequently designing the study and intervention. While previous work 

has discussed generic challenges when designing rehabilitation trials,(3) we provide a structured 

and concise synthesis of exercise-specific research opportunities, challenges and considerations 

when designing randomized controlled trials (RCT) in MS. To fully understand whether and how 

exercise interventions work, we acknowledge the importance of using a variety of research designs. 

In this paper, however, we will focus mainly on RCTs, given the superior research design when 

studying the efficacy or (cost-)effectiveness of interventions.(4) Challenges and considerations will 

be presented using the PICOTS (Population, Intervention, Comparator, Outcomes, Timing, Setting) 

framework. This has been broadened to incorporoate relevant elements from the 2017 extension 

of the CONsolidated Standards Of Reporting Trials (CONSORT) for non-pharmacological trials,(5) the 

Consensus on Exercise Reporting Template (CERT),(6) the Template for intervention description and 

replication (TIDieR),(7) as well as general exercise trial guidelines.(8) We deliberately do not wish to 

present a standardized checklist for MS exercise trials, but we do intend to inspire and facilitate the 



design and conduct of well-defined high-quality MS exercise research by outlining a specific MS 

exercise PICOTS framework.  

 

Defining the research question 

A clear and specific predefined research question is an important prerequisite for the design of the 

subsequent study. To develop a strong research question a compelling and widely recognized 

clinical problem, (supposed) related physiological and/or psychosocial mechanisms of action, and 

targets as well as active ingredients of the intervention must be identified and specified. The 

development of the research question might also explicitely consider the phase of the study (phases 

ranging from preclinical to phase IV trials), with most human exercise studies being phase I, II or III 

trials. A study is optimally based on a comprehensive literature review and a pilot study to clarify 

the study rationale, direct the study design, and build sound hypotheses.  

 

MS exercise-specific PICOTS 

In the following sections each element of the PICOTS framework will be discussed in relation to 

factors relevant for MS exercise trials. The MS exercise-specific PICOTS framework is illustrated in 

Fig. 1, also illustrating the interdependence of the different elements.  

Population 

In general 



A mandatory element of a clear and focused research question is the target population. It is 

important to clearly define the study population, and both sociodemographic and clinical 

characteristics (including co-morbidities) might be considered. The target population depends on 

whether an efficacy (i.e. typically a homogeneous sample meeting specific enrolment criteria) or an 

effectiveness study (i.e. more heterogeneous sample, to enable generalizability) is undertaken.(3) 

In RCTs the required sample size is preferably defined a priori to minimize the risk of a type II error 

(i.e. false negative conclusions) and, if possible, based on available data related to the specific 

primary outcome of the study and the specific intervention applied.(9)  

MS exercise-specific opportunities and challenges 

A well-known and often mentioned aspect related to populations in exercise studies is the 

generalizability of the sample, given that participants who sign up for exercise studies are typically 

motivated to participate in the intervention, placing the study at high risk of selection bias. Study 

findings from a specific MS study population should therefore be interpreted in relation to the 

general and targeted MS population. One approach to achieve this, is to include registry-based 

population-based control data, allowing evaluation of the representativeness of the study sample. 

Such an asset has recently been adapted in a MS exercise trial.(10) Further compromising the 

generalizability of many MS exercise studies, potential participants are often excluded if they have 

had a recent relapse, or present with co-morbidities, cognitive disorders, or severely impaired 

walking ability.(11) To investigate these populations, researchers might consider to evaluate safety 

issues first. Furthermore, it might be needed to broaden both the types of exercise modalities used 

and methods of exercise delivery, to overcome challenges with the application of conventional 

exercise interventions.(12) Another common selection bias is age. Almost one third of all persons 



with MS are 60 years or older(13), yet most MS exercise studies exclude people above 60 years of 

age; the effects of exercise in older adults with MS are therefore essentially uninvestigated.(14) 

Considering that the efficacy of medical disease-modifying treatment decreases with increasing 

age,(15) non-pharmacological supplemental treatment strategies, such as exercise, are highly 

warranted. Future MS exercise studies that include this population, may consider the age-related 

challenges in the control and interpretation of the parallel and/or synergistic detrimental effects of 

MS and aging.(16) Another avenue for future MS exercise research is in the early stages of the 

disease course, with only one study investigating early stage exercise in MS.(10, 17) A research 

question targeting the newly diagnosed may, however, encounter a challenge in the selection of 

outcome measures because of possible ceiling and/or floor effects in persons with mild MS, and 

may also need a longer trial duration to detect potential effects. Finally, study participants should 

have a clinical deficit at inclusion when the study purpose is to improve a specific symptom or 

impairment (i.e. have a clinical fatigue level at study entry if the study purpose is to reduce fatigue). 

 

Intervention 

In general 

The intervention is the active ingredient in any interventional study and hence should be well-

defined and well-described.(6, 7) Contextual factors such as prior, concurrent, and/or post 

treatments should ideally be considered as they may influence the response to the intervention.  

/MS exercise-specific opportunities and challenges 



The principles of exercise training are described in many overlapping versions, yet most often 

include “specificity”, “progression”, and “overload”.(18) These principles are the core of exercise 

science and a prerequisite for optimal treatment response. Unfortunately, a recent systematic 

review evaluating the quality of interventions in MS exercise research determined that these 

principles have not been consistently utilized,(2) compromising the quality of interventions, and 

potentially leading to findings not accurately reflecting the efficacy of exercise training. Future MS 

exercise studies are therefore encouraged to carefully design exercise interventions so that the 

exercise modality applied has relevant specificity towards the physiological, symptomatic and/or 

neurological target of the study. Furthermore, the exercise programme optimally ensures a safe and 

progressive overload (i.e. gradual increase of the total workload) of the targeted physiological 

and/or pathological systems. Both “specificity” and “progressive overload” can be applied in 

standardized protocols at the group-level but also when investigating patient-tailored interventions. 

Patient-tailoring of interventions, however, can come with the cost of reduced generalizability and 

increased complexity of replication. In both cases, a detailed description of the intervention 

delivered is crucial. This is currently not the case in almost 50% of the existing exercise trials (2) and 

all MS exercise trials are therefore strongly encouraged to provide comprehensive and detailed 

descriptions of all exercise components applied, in accordance with the CERT and/or TIDieR.(6, 7)  

Exercise recommendations for people with MS across the disability spectrum have recently been 

proposed.(19) To ensure these are comprehensively evidence-based more knowledge is needed on 

the optimal dose-response in relation to specific exercise modalities and their target to develop the 

optimal personalized dosage of a given exercise prescription. Robust evidence about frequency, 

intensity, time, and type of exercises is therefore required, preferably by head-to-head designs 



comparing different dosages. One approach to address the question of the optimal dosage is an 

adaptive design approach termed “dose-finding”, adapting a predefined algorithm for dose 

escalation/de-escalation. This approach, inspired from medical treatment algorithms applied in 

pharmaceutical studies, has been successfully applied in stroke rehabilitation research.(20)         

Comparison 

In general 

It is important to define the type of comparator and to consider the potential risks and benefits of 

the comparator.(21) Active comparators are preferably relevant to current practice, and if the 

comparator is “usual care” then its components needs a clear description.  

MS exercise-specific opportunities and challenges 

One of the major challenges when designing MS exercise trials is to choose the right type of 

comparator. Moreover, the comparator choice may cause ethical dilemmas as withholding active 

treatment may not be an option because exercise is considered an effective symptomatic treatment 

in MS. (1) Therefore, MS exercise trials must often design the controlled part of their RCT design 

without withholding treatment from the participants. One possibility is to compare with “usual 

care”. However, clearly defining what comprises “usual care” is challenging, given that it may be 

highly variable – due to the variability of symptoms in patients, but also within and especially across 

different countries.(22) Furthermore, larger sample sizes than when applying “no treatment”, are 

likely needed to obtain adequate statistical power, when “usual care” is the comparator.  

Another possibility is to apply a waitlist-control design which may facilitate adherence to the control 

condition and allows replication and verification of the findings within the same study. This design 



has been adapted in several MS exercise trials.(23, 24) The waitlist-control design does, however, 

pose the risk of control group participants changing behavior simply due to anticipation-induced 

motivation caused by the forthcoming intervention. In addition, sufficient wash-out periods are 

important in waitlist designs if the study findings after the cross-over are to be interpreted as a 

representative replication of the findings prior to the cross-over.  

If active treatments are used as the comparator superiority, non-inferiority and equivalence designs 

can be of relevance. The trial should be designed as a classical superiority trial in exercise studies 

comparing exercise interventions having marked differences in proposed active ingredients and 

subsequent treatment responses. This approach has been successfully applied in previous MS 

exercise trials.(25, 26)  

Another possibility when applying an active comparator design, is to design a non-inferiority or 

equivalence study, where it is hypothesized that the new intervention is not worse or provides a 

similar effect, when compared to the existing active treatment.(27) However, to the authors 

knowledge, such approaches have not yet been applied in MS exercise studies, but may be relevant 

in future trials. Non-inferiority and equivalence trials, however, are complex to design, conduct and 

interpret and careful consideration of the drawbacks of such designs, and the use of available 

frameworks,(28) is needed before initiating such studies.     

No matter the comparator type, one important methodological tool to consider is the monitoring 

of physical activity level and exercise behaviour. This is particularly important given the susceptibility 

of patients in control groups to change behavior when enrolled in an exercise trial, which may 

contaminate potential exercise-induced effects from the applied intervention.   

         



Outcomes 

In general 

Choosing and pre-registering (e.g. at www.clinicaltrials.gov) the right primary outcome is crucial to 

the success of a trial, and therefore, needs thorough consideration. The primary outcome must be 

clearly defined and aligned with the purpose of the trial and be relevant, feasible, valid, reliable and 

responsive to change. To assist the interpretation, outcomes having established minimal clinically 

important differences are recommended, but this is not always available. While guidance on 

statistical principles for clinical trials exists (e.g. CONSORT statement),(29) many researchers base 

their interpretation on p-values, rather than on recommendations from contemporary statistical 

guidelines(30), which suggest a down toning of p-values and a more comprehensive presentation 

and interpretation of confidence intervals and clinical relevant changes.(31) Moreover, researchers 

should report (using confidence intervals when appropriate) and consider all results including those 

that are non-significant (to avoid “cherry picking” of data) and also transparently acknowledge 

known uncertainties related to the applied outcomes. Furthermore, it is recommended to use the 

primary outcome for a sample size calculation to estimate the required number of participants. 

Finally, the interpreteation of a study can often be advanced by including a variety of outcomes, 

including both objective and patient-reported outcomes, or outcomes at different International 

Classification of Functioning (ICF) domains (i.e. body structure, function and participation). This 

variety in outcomes can provide key information about how the exercise intervention is impacting 

the participant as a whole.  

MS exercise-specific opportunities and challenges 



After determining the primary outcome, selecting further outcomes from a “MS exercise battery” 

of outcomes for use across MS exercise studies, but still based on the study design and research 

question, would seem to be a way forward. This would support future literature reviews and meta-

analyses within the MS exercise field. Previously, a core-set was proposed by Paul et al.(32). 

However, as part of the MoXFo initiative the “reporting and outcome group” provides a systematic 

overview of all outcomes applied that is structured based on ICF classification(33). Important to 

consider when evaluating the effectiveness of an exercise intervention, is whether the outcomes 

are suitable and relevant for the targeted MS population. As an example, severely disabled persons 

with MS may require less demanding or adapted outcome measures to avoid flooring effects, 

whereas newly diagnosed persons may require more demanding tests to avoid ceiling effects. 

Differing levels of disability may also impact interpretation, for example the test-retest variation for 

several functional outcomes has been reported to increase substantially in populations with higher 

disability levels.(34) Another aspect related to outcomes that is often inadequately reported is 

participant safety, and it is strongly recommended that future studies pre-plan how to record and 

report safety plans and adverse events. Finally, future MS exercise studies should strive to build 

strong pre-trial rationales on potential underlying mechanisms of action, and subsequently include 

(secondary) supportive mechanism-oriented outcomes. This should not only consider (patho-) 

physiological mechanisms but should also consider psycho-social and psychological mechanisms.  

 

Timing  

In general 



Many trials apply testing at multiple time points and often include follow up periods, making it 

important to clearly define (and power the trial in accordance with) the primary time point of 

interest. Most studies assess the intervention effects immediately after the intervention, which is 

typically where the largest effects are observed, and where the frequently observed “wear off” 

effect during follow up is avoided.(3)  

 

MS exercise-specific opportunities and challenges 

A major challenge related to timing, which is particularly pertinent to long-term MS exercise studies, 

relates to adherence, as high adherence is a prerequisite for robust long-term data. A recent 

systematic review showed that longer study duration seemed to lower adherence, further 

highlighting the importance of optimizing long-term adherence in future MS exercise studies.(35) 

For detailed discussion about adherence please see the MoXFo “adherence and compliance to 

exercise” paper. Another MS exercise timing challenge is how a relapse is handled both around 

study entry, during the study, and in the post-treatment assessment period. Many MS exercise 

studies include relapsing-remitting participants that are relapse free for a period of time before 

baseline testing to ensure a stable participant at study entry, thereby limiting the influence of 

natural remission. Furthermore, it is not always clear how a relapse during an exercise intervention 

is handled, and studies investigating exercise as a supplemental acute/subacute treatment of MS 

relapses are therefore warranted.(36) Particularly in studies with progressive MS patients, the 

baseline assessment could be duplicated, creating two or more baseline timepoints in order to 

understand the trajectory of disease progression.  Such an approach could also reduce the marked 

day-to-day variation observed in some MS patients.  



 

Setting  

In general 

The setting of a trial has several inherent components that interact with other elements of the 

PICOTS framework. These include whether the population is newly diagnosed patients or severely 

disabled patients, whether the intervention is supervised, non-supervised or remotely supervised, 

and if the trial is a single or multi-site national or multi-national trial (impacting delivery of the 

intervention, the collection of outcomes and content of a “usual care” comparison group). Choosing 

the setting (e.g. in-patient or out-patient setting) will also impact whether the study is an efficacy 

or a effectiveness trial. 

 

MS exercise-specific opportunities and challenges 

In exercise research it has long been known that supervised interventions have superior effects as 

compared to non-supervised interventions.(37) In MS exercise studies similar observations 

exist,(38) which suggest larger sample sizes are likely to be required when interventions are non-

supervised and/or home-based. However, supervised exercise may not offer interventions that are 

suitable for effectiveness studies. More recently, interventions applying remote supervision have 

been tested in MS exercise studies,(39) and an ongoing large-scale phase III trial is currently 

comparing individualized exercise programmes delivered in a supervised, facility-based setting 

versus a remotely coached/guided, home-based setting using telerehabilitation.(40) When 

considering challenges fostered by the COVID-19 pandemic, by MS populations living in rural 



areas,(41) or people’s experiences of difficulties accessing support for exercise,(42) such approaches 

may pave a way forward for new remote-based settings. Regardless of the intervention type or 

setting, studies need to be adequately powered to enable firm conclusions to be drawn. This 

typically requires large scale studies, using multiple centres, and across multple countries. The 

sucessful delivery of such large-scale, costly projects requires strong leadership, a team ethos 

grounded in collaboration, a decision making approach based on consensus, and a longterm 

commitment by individuals to the group effort to achieve goals that cannot be reached by a single 

center effort.(43) Despite the increased focus on exercise as a supplemental treatment strategy in 

MS, funding of the costly supervised exercise interventions in well-powered large-scale multicenter 

studies remain a challenge. Funding agencies are therefore encouraged to support such highly 

needed studies.  

 

Discussion 

Designing a high quality MS exercise study is challenging and requires thorough consideration. 

Planning an exercise study starts with the identification of a relevant clinical question that may be 

addressed by a specific exercise intervention.  A resulting clear and detailed research question and 

subsequent hypothesis then forms the starting point. We propose that the MS exercise specific 

PICOTS framework described here, in combination with the CONSORT statement for non-

pharmacological trials, will be helpful tools for identifying and guiding crucial design elements of a 

RCT study. The decision-making process preferrably considers the interrelationship between the 

various components of the MS exercise PICOTS framework and therefore the subsequent impact 

each decision may have. Of note, patient involvement has demonstrated to enhance health-care 



research and is increasingly an expectation that should be considered, particularly in relation to 

many funding bodies.(44) An additional recommended emerging approach to ensure transparency 

is the requirement by many journals to have a trial pre-registered (e.g. at www.clinicaltrials.gov), 

and also it has become common to publish a study protocol paper outlining the study methodology 

of the trial in accordance with the SPIRIT guidelines,(45) in combination with publication of a 

detailed statistical analysis plan.(46) 

Historically exercise research has not always payed enough attention to important elements such 

as trial pre-registration, pre-defined primary outcomes, study power, assessor blinding and 

interpretation based on clinical relevance; and the quality of MS exercise studies are therefore 

generally sub-optimal.(35) However, alongside application of the MS exercise PICOTS framework 

presented here, inspiration obtained from methodologically rigorous research, and the introduction 

of pre-registration requirements and relevant checklists (e.g. SPIRIT, CERT, TIDieR, and CONSORT 

checklists, Fig. 1), can provide a template to improve the methodological quality and design of MS 

exercise studies (5-7, 45). 

In conclusion, the design of robust studies are needed to improve the quality of MS exercise 

research. The MS exercise specific PICOTS framework presented here provides a systematic and 

comprehensive approach to aid this decision-making process.   

http://www.clinicaltrials.gov/
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Figure 1: The MS exercise-specific PICOTS model. The research question and study design of future MS 
exercise studies are encouraged to be specified and developed on the basis of deliberate choices considering 
the different elements (and their interdependence) of the MS exercise-specific PICOTS model. To facilitate 
replication and implementation future MS exercise studies should also ensure detailed reporting according 
to relevant international guidelines and checklists. Abbreviations: RCT=randomised controlled trial, SPIRIT= 
standard protocol items: recommendations for interventional trials, CERT= consensus on exercise reporting 
template, TIDieR= template for intervention description and replication, CONSORT= consolidated standards 
of reporting trials 

 

 

 


