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Background: Interest in comorbidities has increased in the past few years, but the effect of comorbidities on
outcomes of multiple sclerosis (MS) neurorehabilitation interventions is unclear. The aim of this review was
to identify and summarize the existing evidence regarding the effect of comorbidities on outcomes of neuro-
rehabilitation interventions targeting people with MS.

Methods: Five databases (Embase, MEDLINE through Ovid, PubMed Central, Cumulative Index to Nurs-
ing and Allied Health Literature, and Web of Science) were searched using index terms and keywords relat-
ing to MS and a wide range of rebabilitation interventions. Studies screened were limited to English-lan-
guage randomized controlled trials. Information related to included and excluded comorbidities and how
they were reported and described was extracted from the included studies.

Results: Fifty-four neurorehabilitation randomized controlled trials were included and were grouped into
categories: robotics/technology-enhanced (n = 7), task-oriented training/neurorebabilitation principles (n =
7), electrical stimulation (n = 12), temperature regulation (n = 6), magnetic field therapy (n = 5), vibration
(n = 9), and miscellaneous (n = 8). Although the issue of comorbidity was considered in 40 studies, it was
limited to excluding individuals from participating in the trials. Only two studies reported on comorbidity,
but neither examined the possible mediating or moderating effect of comorbidities on intervention outcomes.

Conclusions: This review documents important knowledge gaps about the effect of comorbidity on neuro-
rebabilitation outcomes and identifies a critical need for future studies to addvess this issue. Without this
information, we limit our understanding of the mechanisms of comorbidity and its effects on relevant clini-
cal and research outcomes specific to neurorebabilitation. Int ] MS Care. 2016;18:282-290.

pproximately 50% of people with multiple
A sclerosis (MS) may become moderately to
severely disabled within 15 years of disease
diagnosis'; this proportion increases to 75% after 45
years.” An increasing level of disability has substan-
tial consequences for the ability of people with MS to

engage in daily activities and maintain social relation-
ships.? When MS occurs in the presence of comor-

bidities, the combined effect of and interactions between
conditions often result in a more rapid progression of
disability, a reduction in quality of life, and an increase
in mortality.*

Comorbidity, which refers broadly to physical or
mental conditions that exist at the time of diagnosis
of MS or later but that are not a consequence of MS,

occurs in up to 50% of individuals with this disease.’
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The most common physical comorbidities in people
with MS include hypertension, hyperlipidemia, and
chronic lung disease. Mental conditions, such as depres-
sion and anxiety, are also commonly reported.®

Despite advances in disease-modifying therapies that
may reduce disease progression, the residual level of
disability remains unchanged.” Consequently, neuro-
rehabilitation interventions are needed to manage the
consequences of MS.® For the purposes of this study, we
defined neurorehabilitation interventions as any treat-
ment activities or services aimed at reducing the effect
of disability resulting from MS using the principles of
neuroplasticity.’

Researchers have shown that neurorehabilitation
interventions can improve physical function, increase
activity and participation, and optimize the quality of
life of people with MS." Given the high prevalence of
comorbidities in MS and the desire of clinicians to apply
evidence-based practices, it is critical to understand the
extent to which neurorehabilitation researchers have
considered the presence of comorbidities in the course of
their studies. This knowledge would guide the applica-
tion of evidence in real-life settings.

Scoping reviews provide a synthesis of research on
a particular topic by describing emerging trends and
identifying gaps in knowledge.!" Given the breadth of
rehabilitation interventions targeting people with MS,
we conducted this scoping review as part of an ongoing
study aimed at documenting the effect of comorbidities
on rehabilitation intervention outcomes. In particular,
this review focuses on identifying gaps and summarizing
existing evidence regarding the effect of comorbidities
on neurorchabilitation outcomes. Two research ques-
tions guided this review: 1) Do neurorehabilitation
interventions targeting people with MS address partici-
pant comorbidities? If so, how? 2) What are the gaps in
current knowledge about the effect of comorbidities on
neurorehabilitation intervention outcomes?

Methods
We used the framework put forth by Arksey and

O’Malley."
Search Strategy

Five databases were searched to locate articles pub-
lished from inception to January 8, 2016 (Embase,
MEDLINE through Ovid, PubMed Central, Cumula-
tive Index to Nursing and Allied Health Literature, and
Web of Science). First, we searched multiple sclerosis as an
index term and a keyword, and then we combined the
results using the operator OR in each database. Next, we

added database-specific terms for randomized controlled
trials (RCT's) to limit the results to intervention research.
We focused on RCT's because they are the gold standard
for evaluating intervention efficacy and effectiveness.

Next, we conducted a series of searches using data-
base-specific index terms (eg, Medical Subject Head-
ings) that captured the focus or content of a wide range
of rehabilitation interventions. These terms included
rehabilitation, exercise, physical activity, motor activity, fit-
ness, self-care, self-management, health promotion, health
education, patient education, health behavior, assistive
technology, assistive device, self-help, behavior modifica-
tion, environment, home environment, and modification.
Each term was also searched as a keyword with a trunca-
tion operator when appropriate (eg, behavio*). Medical
Subject Headings and keyword searches were conducted
across all the databases except for Web of Science, where
only keywords were used as topic terms.

Finally, we combined the results of previous searches,
for example, multiple sclerosis AND RCT AND moror
activity. All the searches were limited to articles in Eng-
lish. In total, 3903 citations were identified.

Screening for Inclusion in the Full-Text Review

The full citations and abstracts for all 3903 studies
were downloaded into EndNote, and duplicates were
deleted (n = 715). Three reviewers (AF, EJB, and JP)
screened the titles and abstracts of the remaining 3188
studies to identify citations for full-text review. We
included studies of humans with MS and studies evalu-
ating rehabilitation interventions using an RCT design.
We excluded conference abstracts, dissertations, letters
to the editor, protocols, studies reporting results of MS
combined with other populations (eg, stroke), and stud-
ies in which the rehabilitation intervention was second-
ary or adjunctive to a medical intervention (eg, surgery
or pharmaceutical treatment). All the citations were
reviewed by at least two reviewers. When disagreements
about inclusion/exclusion were encountered, discussions
with the third reviewer occurred. If consensus could not
be reached, the senior author (MF) made the final deci-
sion. Figure 1 is a PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) chart show-
ing the search and screening processes.

Full-Text Review, Data Extraction, and
Analysis

One of two authors (JP or JL) completed the full-text
review and data extraction. Another author (AF or E]B)
then verified the extraction. General study information
was extracted from the articles: research questions/objec-
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
chart showing the results of the search and screening processes

tives, intervention description, sample size, age, percent-
age of females, and level of disability.

Two rehabilitation clinicians with experience deliver-
ing rehabilitation services to people with MS (AF and
MF) grouped articles by type of intervention. These
groupings were defined a priori by one clinician (MF)
and then were confirmed and validated by the other
clinician (AF). Groupings were determined by mecha-
nism of the intervention rather than by outcomes based
on the intervention description in the article. Six inter-
vention groupings were identified: exercise (n = 99),
self-management/behavior change (n = 56), cognitive
rehabilitation (n = 26), multidisciplinary (n = 13), oth-
ers (n = 2), and neurorehabilitation (n = 54). This article
focuses on articles with neurorehabilitation interven-
tions, which included six broad categories: robotics/
technology-enhanced (eg, robot-assisted gait training)
(n = 7), task-oriented training/neurorehabilitation prin-
ciples (eg, the Bobath concept, task-oriented exercises)

(n = 7), electrical stimulation (eg, functional electri-
cal stimulation/neuromuscular electrical stimulation/
noninvasive brain stimulation) (n = 12), temperature

5), and

vibration (n = 9). In addition, we had a miscellaneous

regulation (n = 6), magnetic field therapy (n =

category of interventions (n = 8) that did not fit any of
the other categories. Table 1 provides the definition of
each category.

The included articles were scrutinized for informa-
tion about comorbidities: if they were excluded/includ-
ed, how they were reported and described, and whether
their effect on the outcomes was tested.

Results

Of the 54 RCTs, 40 excluded individuals with
comorbidities, and only 2 reported on the comorbidity
of enrolled participants, and neither of these examined
comorbidity as a moderator or mediator of intervention
outcomes. A summary of the reviewed studies follows,

and Supplementary Table 1 (published in the online
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Table 1. Definitions of neurorehabilitation intervention categories

Intervention

category Definition
Robotics/technology-  Any studies that include an intervention that is enhanced by the use of technology. Technology includes
enhanced the use of robotic systems and computer software or hardware. Robotics can be administered under the

supervision of a therapist, providing intensive, task-oriented motor training of the patient’s limbs.

Task-oriented training/
neurorehabilitation
principles

Electrical stimulation

Any studies that include an intervention that focuses on improving performance and skill in functional tasks
through goal-directed practice and repetition. Also includes studies that focus on improving neuromuscular
control using various strategies, eg, the Bobath concept and proprioceptive neuromuscular facilitation.

Any studies that include an intervention that uses electrical current to modify neuromuscular activity and

restore the ability to perform activities of daily living through electrical stimulation, neuromuscular electrical
stimulation, transcutaneous electrical nerve stimulation, and functional electrical stimulation.

Temperature
regulation

Any studies that use a variety of modalities to decrease the core body temperature. These systems can be
passive or active. Active systems use a liquid cooling garment and a portable chiller or heat exchange unit.

Passive systems use ice packs placed in pockets in a garment or the evaporation of water at room temperature

as the heat exchange medium.
Magnetic field therapy
Vibration

Any studies that include an intervention that uses a magnetic pulsing device to deliver electromagnetic waves.
Any studies that include an intervention that uses a mechanical oscillatory motion provided through vibration

of varying frequencies, amplitudes, and forces. Vibration may be defined as an oscillatory change in force,
acceleration, and displacement with respect to time. The vibration can be applied to different body parts
using specific joint angles for any limited time.

Miscellaneous

Any studies that involve >2 of the other categories or that do not fit into any of the other categories.

version of this article at ijmsc.org) provides a summary
of the study characteristics.

Robotics/Technology-Enhanced Interventions

Three of seven RCT's had active comparison groups,
and the remaining four had true control groups.’*'* The
number of intervention sessions ranged from 6' to 15"
over 3121418 to (6117 weeks. The duration of each session
ranged from 30'>'3" to 60'® minutes.

The sample size (per group) ranged from 6'® to 26"
participants. The mean age of the groups ranged from
47" to 61" years. Participants were mostly females
(range, 43%-90%) with relapsing-remitting MS
(RRMS) and minimal to severe disability measured
using the Expanded Disability Status Scale (EDSS).

Six of seven studies (86%) reported the comor-
bidities of excluded individuals (Figure 2).'>1%1¢18 The
most commonly excluded comorbidities were cognitive
impairment (n = 5, 71%)'>'*!18 and any orthopedic
or joint problems that limited range of motion (n = 4,
57%)'>'418 (Figure 3). Of the five studies that excluded
cognitive impairment, only two provided information
on the measurement tools and cutoff scores used to
determine eligibility.'®!” No studies provided details
on the number of individuals excluded because of
comorbidity. Furthermore, no studies reported on the
comorbidities of enrolled participants or examined the
possible mediating or moderating effect of comorbidities
on intervention outcomes.

Task-Oriented Training/Neurorehabilitation
Principles

Four of seven studies (57%) had active comparison
groups,19—22 23,24

no intervention control groups.”” The number of inter-

and the remaining three had usual care”?* or
vention sessions ranged from 10% to 24* over 2% to 8%
weeks. The duration of each session ranged from 30*! to
120% minutes.

The sample size (per group) ranged from 9*' to 28%
participants. The mean age of the groups ranged from
33" to 55% years. Participants were mostly females
(range, 54%—-83%) with RRMS and minimal to severe
disability measured using the EDSS.

Four of seven studies (57%) reported the comor-
bidities of excluded individuals (Figure 2).2021%42> The
most commonly excluded comorbidities were cognitive
impairment (n = 4, 57%)?**"**» and psychiatric disor-
ders (n = 3, 43%)**"* (Figure 3). These psychiatric
disorders were not identified. Of the four studies that
excluded cognitive impairment, only one provided infor-
mation on the measurement tools and cutoff scores used
to determine eligibility.?

No studies provided details on the number of indi-
viduals excluded because of comorbidity. Furthermore,
no studies reported on the comorbidities of enrolled par-
ticipants or examined the possible mediating or moder-

ating effect of comorbidities on intervention outcomes.
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Figure 2. Studies excluding at least one comorbidity by intervention

Green bars represent the number of studies reporting at least one comorbidity as an exclusion criterion.
Gray bars represent the number of studies that did not exclude any comorbidity.

the possible mediating
or moderating effect
of comorbidities on
intervention outcomes
was not examined.

Temperature
Regulation
Interventions

Four of six RCTs
(67%) had no inter-
vention or sham
treatment control
9 groups,’®4! and the
remaining two had
= 1 both no intervention
and no sham treat-
ment groups.”* The
number of interven-

60 80 100

tion sessions ranged
from one’ to three®
over 1 day*® to 4
weeks.® The duration

of each session ranged
from 20%% to 60443

Electrical Stimulation Interventions

Of the 12 RCTs, 3 (25%) had active comparison
groups®? and 9 (75%) had sham treatment*3® or no
intervention control groups.”” The number of interven-
tion sessions ranged from 10 to 112% over 5 days*3>%
to 24 weeks.” The duration of each session ranged from
15 minutes*3 to 24 hours.”

The sample size (per group) ranged from 9% to 36°!
participants. The mean age of the groups ranged from
38% to 57%¢% years. Participants were mostly females
(range, 30%—-84%) with RRMS and minimal to severe
disability as measured using the EDSS.

Eight of 12 RCTs (67%) reported the comorbidi-
ties of excluded individuals (Figure 2).72%31-333537 The
most commonly excluded comorbidities were cognitive
and psychiatric disorders,?”-**33%35% and any other neu-
rologic problems?**33¢ (Figure 3). These psychiatric
disorders and neurologic problems were generally not
identified. No studies provided details on the num-
ber of individuals excluded because of comorbidity.
Only one study reported the comorbidities of enrolled
participants.”” These comorbidities were anxiety and
depression measured using a visual analogue scale and
the Beck Depression Inventory, respectively. However,

minutes.

The sample size (per group) ranged from 6% to 224
participants. Most of the studies (n = 5, 83%) provided
the mean age of the overall sample, ranging from 41%
to 52% years. Participants were mostly females (range,
40%-86%) with minimal to severe disability as com-
monly measured using the EDSS.

Four of six RCTs (67%) reported the comorbid-
ity of excluded individuals (Figure 2).334424 The most
commonly excluded comorbidities were cardiovascular
and pulmonary diseases (n = 3, 50%)**% and other
unspecified conditions (n = 3, 50%)%4>% (Figure 3). No
studies provided details on the number of individuals
excluded because of comorbidity. Furthermore, no stud-
ies reported the comorbidities of enrolled participants or
examined the possible mediating or moderating effect of
comorbidities on intervention outcomes.

Magnetic Field Therapy Interventions

All five RCT's had sham treatment groups rather than
active comparison groups.*# The number of interven-
tion sessions ranged from 4% to 40% over 17 to 8444
weeks. The duration of each session ranged from 16
minutes® to 24 hours.*®

The sample size (per group) ranged from 15% to 34%
participants. The mean age of the groups ranged from
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Robotics/
Technology
Enhanced

Task-Oriented
Training/
Neurorehabilitation
Principles

Electrical
Stimulation

Temperature
Regulation

Intervention Category

Magnetic Field
Therapy

Vibration

Miscellaneous

Studies (%)

Unspecified conditions or contraindications
M Cardiovascular disease
M Cognitive impairment or psychiatric disorders

Figure 3. Most common comorbidities excluded by
intervention category

Cognitive impairment or psychiatric disorders includes depression, anxiety,
and cognitive deficits. Cardiovascular disease includes recent myocardial
infarction, heart disease, and implanted pacemaker. Unspecified conditions
or contraindications includes generalized exclusion criteria, such as any
other neurologic conditions, other conditions that may affect motor func-
tion, and any coexisting medical condition impairing gait or contraindicat-
ing treatment. The number of studies reporting at least one of these types of
comorbidities is shown for each intervention category.

44147 to 53% years. Participants were mostly females
(range, 53%-73%) with RRMS and moderate to severe
disability as measured using the EDSS.

Three of five RCTs (60%) reported the comorbidi-
ties of excluded individuals (Figure 2).#%47 Across these

had active comparison group

studies, participants using pacemakers and
those with cognitive impairment and other
unspecified conditions were commonly
excluded (Figure 3). No studies provided
details on the number of individuals exclud-
ed because of comorbidity. Furthermore,
no studies reported the comorbidities of
enrolled participants or examined the pos-
sible mediating or moderating effect of
comorbidities on intervention outcomes.

Vibration Interventions

Three of nine RCTs (33%) had active
comparison groups,’-!
six (67%) had control groups (ie, no inter-

and the remaining

vention, including delayed entry or sham
treatment).””>” The number of intervention
sessions ranged from 9°* to 24°%°15 over
3°%57 to 20°* weeks.

The sample size (per group) ranged from
5°° to 30> participants. The mean age of
the groups ranged from 34% to 55% years.
Participants were mostly females (range,
57%-100%) with RRMS and minimal
to severe disability as measured using the
EDSS.

All nine studies reported the comorbidi-
ties of excluded individuals (Figure 2). The
most commonly excluded comorbidities

were cardiovascular problems (eg, thrombo-
), 0515356 epi

49,51,52

sis and the use of pacemakers
lepsy, 30515556
(Figure 3). These psychiatric disorders were
not identified. No studies provided details
on the number of individuals excluded
because of comorbidity. Of the nine RCTs,
only one reported the comorbidities of
enrolled participants.®” In this study, 4 of

and psychiatric disorders

42 participants were taking an antiepileptic
medication. However, this study did not
examine the possible mediating or moderat-
ing effect of comorbidities on intervention
outcomes.

Miscellaneous Interventions
Studies (n = 8) were included in this

category if they did not fit any of the other categories
(balance and gait, n = 1; massage, n = 3; and vestibular
interventions, n = 1) or involved a combination of two

or more categories (n = 3). Four of eight RCTs (50%)

s°801; two studies had active
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comparison and waitlist or usual care control groups,*>¢

and the remaining two had no intervention or sham
treatment control groups.®*®> The number of interven-
tion sessions ranged from 1°! to 28% over 1°' to 8%
weeks. The duration of each session ranged from 15% to
606264 minutes.

The sample size (per group) ranged from 8% to 259
participants. The mean age of the groups ranged from
36% to 595 years. Participants were mostly females
(range, 33%—-89%) with RRMS and minimal to severe
disability as measured using the EDSS.

Seven of eight studies (88%) reported the comor-
bidities of excluded individuals (Figure 2). The most
commonly excluded comorbidities were unspecified
conditions or contraindications to participating in the
intervention (n = 4, 50%)%% and cognitive impairment
and psychiatric disorders (n = 4, 50%)°%¢4% (Figure
3). Of the four studies excluding participants with
cognitive impairment and psychiatric disorders, only
two provided information on the measurement tools
and cutoff scores used to determine eligibility.®** No
studies provided details on the number of individuals
excluded because of comorbidity. Furthermore, no stud-
ies reported the comorbidities of enrolled participants or
examined the possible mediating or moderating effect of
comorbidities on intervention outcomes.

Discussion

Given the wide range of MS-related problems and
the comprehensive rehabilitation approaches that are
available to address them, it was not surprising to find
54 studies examining the effectiveness or efficacy of
neurorehabilitation interventions. Although the issue of
comorbidity was considered in most of these studies (n
= 40, 74%), it was limited to excluding individuals from
participating in the trials. Of concern is the finding that
most of the commonly excluded comorbidities represent
some of the most prevalent ones experienced by people
with MS (eg, cognitive and psychiatric disorders and
cardiovascular diseases).® Furthermore, in some studies,
the descriptions provided for excluded comorbidities
were vague, for example, “other illnesses that may affect
motor function.”'®

Most studies did not provide any information about
measurement tools and cutoff scores used to determine
eligibility, particularly for cognitive impairment. There-
fore, it is unclear what the nature and potential cause of
the excluded impairments are (eg, executive functioning,
attention, memory, dementia, and MS). This lack of
detail means that we may be misclassifying some studies

in this review (ie, classifying as comorbidity when it is
MS related), although all readers would have the same
challenge. The lack of detail is also a challenge for future
replication and reduces reader confidence in knowing to
whom the intervention results can be generalized.

Researchers in MS tend to exclude individuals with
comorbidities in neurorehabilitation trials for several
reasons. First, researchers usually attempt to maximize
participant safety and reduce the risk of adverse events
during trials. Although participant safety is a critical con-
cern, excluding individuals with comorbidities may lead
to an inaccurate safety evaluation of some interventions,
which may have implications for clinical practice. The
practice of excluding people with comorbidities from
neurorehabilitation trials means that we have limited
knowledge about the clinical safety of these interventions
for a large proportion of people with MS.

Second, researchers usually work to maximize the
internal validity of their studies by creating homoge-
neous samples and reducing the risk of confounding.
Excluding individuals with comorbidities helps in these
efforts. However, in achieving greater internal validity,
external validity is compromised, and the applicability
of results to routine clinical settings becomes question-
able. In clinical practice, rehabilitation care is provided
to people with MS who typically have comorbidities
that could influence their clinical presentation and
management. Furthermore, the exclusion of people with
comorbidities limits our understanding of how these
conditions may be contributing to differential adherence
or treatment effects and may also be limiting our ability
to tailor interventions for the “whole” person. Studies in
people with other chronic neurologic conditions, such
as stroke, have shown that comorbidity can affect treat-

* Investigations of neurorehabilitation interventions
in MS tend to exclude individuals with comorbid-
ities, making it difficult to generalize the findings
to large segments of the MS population.

* Without information about the comorbidities
experienced by participants with MS, the effect
on study outcomes cannot be determined.

e Although including people with MS who have
comorbid conditions will create more heteroge-
neous samples, taking this methodological risk is
likely to provide more generalizable knowledge
about the efficacy and effectiveness of neurore-
habilitation interventions.
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ment outcome, adherence, and maintenance of the treat-
ment effect.®®%

To find a balance between the advantages and disad-
vantages of including people with comorbidities in neu-
rorehabilitation trials, MS researchers need to start mov-
ing toward large multisite pragmatic trials that include
a wider range of participants. Despite the complexity
of these studies, such a design will maximize applicabil-
ity and generalizability and provide opportunities for
conducting subgroup analyses involving people with MS
with comorbidities.®®

Despite the growing interest in comorbidities in
people with MS, knowledge of their effect on common
MS treatments remains in its infancy, even among more
traditional pharmacologic interventions.®® This review
found that knowledge about the effect of comorbidity
on neurorehabilitation outcomes in people with MS is
almost nonexistent. Despite reviewing 54 RCTs, we
found only two studies that reported the comorbidities
of enrolled participants. However, neither of these stud-
ies examined the possible mediating or moderating effect
of comorbidities on intervention outcomes. Recent sys-
tematic reviews have identified common comorbidities
experienced by people with MS.¢ Together with the gaps
identified by the present review, the body of evidence
suggests that MS neurorehabilitation researchers should
prioritize the inclusion of participants with comorbidi-
ties such as cognitive impairment and psychiatric and
cardiovascular conditions. This work also suggests that
investigating the effect of these comorbidities on inter-
vention outcomes is clearly warranted.

This review has some limitations that warrant con-
sideration. First, scoping reviews usually include a wider
spectrum of evidence gathered from various sources, for
example, electronic databases and gray literature. The
search strategy for this review was limited to electronic
databases and peer-reviewed journal articles. Second,
we focused on RCTs without including other designs.
Although RCTs are considered the gold standard, the
strategy reduced the number of included studies for this
review.

Conclusion

Despite the limitations, this review documents impor-
tant gaps in knowledge about the effect of comorbidity
on neurorehabilitation outcomes and identifies a critical
need for future studies to address this issue. This knowl-
edge is needed so that clinicians can make evidence-
based treatment decisions. Without this information, we
will be limiting our understanding of the mechanisms

of comorbidity and its effect on relevant clinical and
research outcomes specific to neurorehabilitation. O
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