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Abstract
Background and Objectives
Comorbidity is common in multiple sclerosis (MS) with the most prevalent conditions being
depression, anxiety, hypertension, and hyperlipidemia. Limited information regarding the rep-
resentation of comorbidity status is available fromphase III clinical trials inMS leading to concern
about the potential underrepresentation of individuals with comorbidity in clinical trials. The
objective was to estimate the prevalence of comorbidities in MS clinical trial populations.

Methods
Individual-level data from multiple sponsors were requested for a 2-stage meta-analysis of phase
III clinical trials of MS disease-modifying therapies. To ensure consistency of our approach across
trials, we followed the Maelstrom retrospective harmonization guidelines. Chronic comorbidities
at clinical trial enrollment recommended by the International Advisory Committee on Clinical
Trials in MS were considered (depression, anxiety, hypertension, hyperlipidemia, migraine, di-
abetes, chronic lung disease). Additional comorbidities were also classified. Classification was
based on medical history data. Individual comorbidities were summed and categorized as 0, 1, 2,
or ≥3.We report the pooled prevalence (95% confidence interval [95%CI]) of comorbidity. The
pooled prevalence and prevalence ratios across age, sex, race, disability level, and treatment were
also reported. Heterogeneity was assessed using the I2 statistic.

Results
Seventeen trials involving 17,926 participants were included. Fourteen trials enrolled participants
with relapsing MS (RMS) while 3 enrolled participants with progressive MS (PMS). The dis-
tributions of sex, age, and disability level were generally consistent within RMS and PMS trials.
When pooled, almost half of trial participants (46.5%) had ≥1 comorbidity (1: 25.0%, 95% CI
23.0–27.0, I2 = 89.9; 2: 11.4% [9.3–14.0], I2 = 96.3; ≥3: 6.0% [4.2–8.4], I2 = 97.7). Depression
(16.45% [12.96–20.88], I2 = 98.3) was the most prevalent comorbidity reported, followed by
hypertension (10.16% [8.61–11.98], I2 = 93.2). Heterogeneity was high across trials. Older age
and female participants were associated with increased number of comorbidities. Older indi-
viduals and male participants had a higher prevalence of hyperlipidemia, while older individuals
and female participants had a higher prevalence of depression and anxiety.

Discussion
Individuals with comorbidities are included in clinical trials, although they may still be un-
derrepresented compared with the general MS population. Given the comorbidity prevalence
in the trial populations and studies suggesting an association of comorbidities with disease
activity, comorbidity may influence outcomes in clinical trials.
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Background
Comorbidity is common inmultiple sclerosis (MS) throughout
the disease course. Comorbidity is defined as the “total burden
of illness other than the disease of interest.”1 In prevalent MS
cohorts, the most common comorbidities are depression
(23.7%), anxiety (21.9%), hypertension (18.6%), hyperlipid-
emia (10.9%), and chronic lung disease (10.0%).2 The preva-
lence of comorbidity increases with age, but even at the time of
MS diagnosis, comorbidity is common.3

Increasingly, concern has been raised about the potential
underrepresentation of individuals with comorbidities in
clinical trials because of restrictive inclusion and exclusion
criteria related to comorbidity and age.4,5 Exclusion of these
individuals leads to reduced applicability of the findings to
typical clinical real-world populations.4 Despite such inclusion
and exclusion criteria, we found that in the CombiRx clinical
trial, which was conducted 2006–2013, the prevalence of
comorbidity was relatively high with over 50% of the partic-
ipants having at least one comorbidity and largely consistent
with the reported prevalence of comorbidity in the general
MS population.6 In addition, the burden of comorbidity has
been increasing in the general population.7 This suggests that
clinical trial populations in the modern era may not differ as
much from typical clinical population with respect to the
prevalence of comorbidity as is widely believed. However,
whether this observation applies more broadly in other trials is
largely unexplored.

The International Advisory Committee on Clinical Trials in
MS highlighted knowledge gaps with respect to comorbidities
in MS clinical trials and outlined recommendations to address
these gaps.5 One recommendation was to clearly and con-
sistently describe the comorbidity status of enrolled clinical
trial populations for common comorbidities (e.g., depression,
anxiety, hypertension, hyperlipidemia, diabetes, chronic lung
disease, and migraine). Many trials have not reported
comorbidity status, and there is a need to understand the
applicability of clinical trial findings to those in clinical prac-
tice. These practices are aligned with recent guidance by the
Food and Drug Administration (FDA) to broaden eligibility
criteria in phase III clinical trial populations to include a wide
range of baseline characteristics to increase the understanding
of a treatment’s benefits and risks in the population that is
likely to use the treatment in clinical practice.4

Thus, we aimed to comprehensively establish the prevalence
of comorbidities in MS disease-modifying therapy (DMT)

phase III clinical trial populations. We hypothesized that the
most prevalent comorbidities would be depression, anxiety,
hypertension, dyslipidemia, and migraine and that the prev-
alence of comorbidity at enrollment would be higher in more
recently conducted clinical trials.

Methods
Study Design
We conducted a 2-stage meta-analysis of individual participant
data from phase III clinical trials of MS disease-modifying
therapies. Individual participant data were obtained from
the multiple industry sponsors. Because of differences in
participant-level data accessibility between sponsors (e.g., ac-
cess for some trials was only available through specific secure
analytic platforms in which data must remain), a 2-stage meta-
analysis approach was required. We consistently applied the
same analytical approach across all trials and pooled the prev-
alence and prevalence ratios across clinical trials using random-
effects meta-analysis.

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was designated as nonhuman participant research
by the UT Southwestern institutional review board. Trial
sponsors obtained study consents and reviewed the data ac-
cess requests to ensure they were consistent with consents
obtained for the trials.

Trials and Populations
Data were requested through multiple sponsor-dependent
platforms. Eighteen trials were requested and 17 trials ap-
proved for the proposed research. One trial (PROMISE,
sponsor: TEVA) request was not approved because the trial
was not approved in the United States or European Union for
the requested indication per their data sharing policy imple-
mented in 2020. The 17 phase III MS DMT clinical trial data
sets obtained for this study are described in Table 1. We used
the intent-to-treat population from each trial for this study.

Harmonization
The Maelstrom retrospective harmonization guidelines were
used to ensure consistency of our approach across studies and
to allow pooling across studies.25 Following these steps, ini-
tially we gathered the study data and documentation (pro-
tocol, case report forms, when provided) and identified the
availability of data and variables of interest to create harmo-
nized individual comorbidities in each data set. On review,
we determined it was feasible to identify comorbidities and

Glossary
CI = confidence interval;DMT = disease-modifying therapy; EDSS = Expanded Disability Status Scale; FDA = Food and Drug
Administration; MS = multiple sclerosis; PMS = progressive MS; PR = prevalence ratios; PVD = peripheral vascular disease;
RMS = relapsing MS.
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harmonize the data in the trials according to a protocol and
data schema. Multiple trial data sets were already mapped to
the current Clinical Data Interchange Standard Consortium
foundational standard (SDTMIG v3.2) which facilitated
harmonization. Patient or trial characteristics underwent a
similar process to determine categories to use in the analysis
for these factors.

Comorbidities
We concentrated our classification on chronic conditions and
did not include transient conditions or complications or
symptoms of MS (e.g., urinary tract infections, trigeminal
neuralgia) to focus the number of conditions examined. Of
primary interest were a focused group of conditions recom-
mended by the International Advisory Committee on Clinical
Trials in MS, which included depression, anxiety, hyperten-
sion, hyperlipidemia, migraine, diabetes, and chronic lung
disease (including asthma and chronic obstructive pulmonary
disease).5 Additional comorbidities classified included auto-
immune thyroid disease, other psychological disorders, cere-
brovascular, other cardiovascular diseases, peripheral vascular
disease (PVD), other miscellaneous autoimmune conditions,
and skin conditions (eTable 1, links.lww.com/WNL/D409).5

Comorbidities at trial enrollment were based on medical

history data reported at baseline. We did not use data on
medications to avoid misclassification of comorbidities due to
off-label uses of a medication. Keywords for each comorbidity
were identified based on prior work in rheumatoid arthritis in
which terms were mapped to specific conditions through
MeDRA coding (a widely applied standardized medical ter-
minology system); the physician (RAM) on our study team
provided guidance on additional terms for applicability to the
specific conditions of interest.26 Medical history data were
then searched to identify these keywords and classify each
comorbidity. Any remaining data not classified were manually
reviewed to capture all occurrences of the comorbidities. The
presence of each comorbid condition was indicated if any of
the associated terms were present for an individual.

Covariates
Following a similar harmonization process, additional data on
demographic and clinical characteristics were considered in
this analysis for stratification of prevalence estimates. Data
included sex, age, race, clinical course (clinically isolated
syndrome, relapsing-remitting MS, secondary progressive
MS, primary progressive MS), and disability level, measured
using the Expanded Disability Status Scale (EDSS), at en-
rollment. Age had to be treated as categorical because of

Table 1 Clinical Trials Included

Study acronym
ClinicalTrials.gov
number Year Indication Test substance Comparator

Sample
size, n

Age
criteria, y

EDSS
criteria

AFFIRM8 NCT00027300 2006 RRMS Natalizumab Placebo 942 18–50 0–5.0

SENTINEL9 NCT00030966 2006 RRMS Natalizumab Interferon β-1a 1,171 18–55 0–5.0

COMBIRX10 NCT00211887 2006 RRMS Interferon β-1a and
glatiramer Acetate

Interferon β-1a,
glatiramer Acetate

1,008 18–60 0–5.5

FREEDOMS11 NCT00289978 2006 RRMS Fingolimod Placebo 1,272 18–55 0–5.5

FREEDOMS II12 NCT00355134 2006 RRMS Fingolimod Placebo 1,083 18–55 0–5.5

CLARITY13 NCT00213135 2010 RRMS Cladribine Placebo 1,326 18–65 0–5.5

TRANSFORMS14 NCT00340834 2010 RRMS Fingolimod Interferon β-1a 1,292 18–55 0–5.0

CARE-MS I15 NCT00530348 2012 RRMS Alemtuzumab Interferon β-1a 563 18–50 0–3.0

CARE-MS II16 NCT00548405 2012 RRMS Alemtuzumab Interferon β-1a 798 18–55 0–5.0

CONFIRM17 NCT00451451 2012 RRMS Dimethyl fumarate Placebo, glatiramer
acetate

1,417 18–55 0–5.0

DEFINE18 NCT00420212 2012 RRMS Dimethyl fumarate Placebo 1,234 18–55 0–5.0

ADVANCE19 NCT00906399 2014 RRMS PEG interferon β-1a Placebo 1,512 18–65 0–5.0

INFORMS20 NCT00731692 2016 PPMS Fingolimod Placebo 823 25–65 3.5–6.0

OPERA I21 NCT01247324 2016 RMS Ocrelizumab Interferon β-1a 821 18–55 0–5.5

OPERA II22 NCT01412333 2016 RMS Ocrelizumab Interferon β-1a 835 18–55 0–5.5

ORATORIO23 NCT01194570 2016 PPMS Ocrelizumab Placebo 732 18–55 3.0–6.5

ASCEND24 NCT01416181 2018 SPMS Natalizumab Placebo 887 18–58 3.0–6.5

Abbreviations: EDSS = Expanded Disability Status Scale; PPMS = primary progressivemultiple sclerosis; RMS = relapsingmultiple sclerosis; RRMS = relapsing-
remitting multiple sclerosis; SPMS = secondary progressive multiple sclerosis.
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several trials11,12,14,15 reporting age in 5-year increments.
Race was inconsistently categorized across studies and col-
lapsed to White and other. The year the study was initiated
was also identified and categorized as 2006 or earlier,
2007–2012, 2013 or later based on years whenmajor revisions
in the diagnostic criteria were made. The test substance for the
trial was another factor considered and grouped into low-
efficacy (dimethyl fumarate, fingolimod, glatiramer acetate,
interferon β-1a, pegylated interferon) and high-efficacy
(natalizumab, alemtuzumab, ocrelizumab, cladribine) test
substance categories.27

Analysis
Our primary analysis considered the count of comorbidities,
and secondary analyses examined individual comorbidities.
Comorbidity count summed the individual comorbidities
within an individual participant for the set of comorbidities
noted in eTable 1 (links.lww.com/WNL/D409) and cate-
gorized as 0, 1, 2, or 3 or more (3+). The total number of
comorbidities was 15 and included hypertension, hyperlip-
idemia, heart (functional), ischemic, cerebrovascular, PVD,
diabetes, autoimmune thyroid, miscellaneous autoimmune
conditions, migraine, lung, skin conditions, depression,
anxiety, and other psychological disorders. For those with 2

and 3 comorbidities, we examined the pooled frequency of
the individual comorbidities in these dyads and triads,
respectively.

We report the pooled prevalence (95%CI) of comorbidity at
enrollment and stratified at the participant level by sex (male
vs female [reference]), age group (>18–30, >30–40 [refer-
ence], >40–50, >50), race (White [reference], other), EDSS
at enrollment (0–3.5 [reference] vs 4+), treatment (placebo
[reference], active comparator, intervention), and at the trial
level by MS clinical course (relapsing MS [RMS], pro-
gressive MS [PMS]), year the study was initiated (2006 or
earlier [reference], 2007–2012, 2013 or later) and by test
substance categories (low efficacy [reference], high efficacy).
The 95% CI were based on the Agresti-Coull approximation
of the binomial distribution for each individual trial. In ad-
dition, we report the pooled prevalence ratios (PR) and 95%
CI for the comparison of comorbidity status across sex, age,
race, EDSS, and treatment groups with the same categories
used for the pooled prevalence.

Findings were pooled across clinical trials using random-
effects meta-analysis using the Der-Simonian and Laird esti-
mator. Prediction intervals and outlier and influence

Table 2 Prevalence by Trial and Pooled for Comorbid Conditions Count

Comorbidity count

Trial 0 1 2 3+

AFFIRM 65.1 (62.0, 68.1) 23.7 (21.1, 26.5) 8.6 (6.96, 10.6) 2.7 (1.79, 3.91)

SENTINEL 40.2 (37.5, 43.0) 31.6 (29.0, 34.3) 17.5 (15.4, 19.7) 10.7 (9.07, 12.6)

COMBI 37.7 (34.8, 40.7) 32.6 (29.8, 35.6) 18.5 (16.2, 21.0) 11.2 (9.40, 13.3)

FREEDOMS 60.1 (57.3, 62.7) 27.1 (24.8, 29.6) 9.5 (8.02, 11.3) 3.3 (2.44, 4.44)

FREEDOMS II 22.7 (20.3, 25.3) 27.4 (24.8, 30.2) 25.8 (23.2, 28.5) 24.1 (21.6, 26.7)

CLARITY 74.2 (71.7, 76.4) 19.0 (17.0, 21.2) 5.0 (3.92, 6.29) 1.9 (1.27, 2.78)

TRANSFORMS 59.0 (56.3, 61.6) 26.0 (23.7, 28.5) 10.5 (8.96, 12.3) 4.5 (3.48, 5.77)

CARE-MS I 68.0 (64.1, 71.7) 17.4 (14.5, 20.8) 8.5 (6.47, 11.1) 6.0 (4.33, 8.34)

CARE-MS II 48.0 (44.5, 51.5) 24.3 (21.5, 27.4) 14.9 (12.6, 17.6) 12.8 (10.6, 15.3)

CONFIRM 62.4 (59.8, 64.8) 22.7 (20.6, 24.9) 9.1 (7.71, 10.7) 5.9 (4.77, 7.23)

DEFINE 56.2 (53.4, 58.9) 24.4 (22.1, 26.9) 12.4 (10.7, 14.4) 7.0 (5.66, 8.51)

ADVANCE 71.8 (69.5, 74.0) 19.7 (17.8, 21.8) 6.1 (5.04, 7.47) 2.4 (1.71, 3.28)

OPERA I 59.1 (55.7, 62.4) 26.1 (23.2, 29.2) 10.6 (8.66, 12.9) 4.3 (3.06, 5.89)

OPERA II 57.1 (53.7, 60.4) 25.6 (22.8, 28.7) 10.7 (8.74, 12.9) 6.6 (5.08, 8.49)

INFORMS 45.5 (42.4, 48.6) 31.4 (28.6, 34.4) 16.5 (14.3, 19.0) 6.6 (5.19, 8.35)

ORATORIO 54.0 (50.3, 57.5) 26.1 (23.0, 29.4) 12.0 (9.85, 14.6) 7.9 (6.17, 10.1)

ASCEND 58.6 (55.3, 61.8) 23.7 (21.1, 26.6) 11.9 (9.95, 14.2) 5.7 (4.38, 7.48)

Pooled Prevalence 53.5 (48.5, 59.0) 25.0 (23.1, 27.0) 11.4 (9.3, 14.0) 6.0 (4.2, 8.4)

I2 98.5 (97.2, 99.7) 89.9 (82.7, 97.1) 96.3 (93.5, 99.1) 97.7 (95.7, 99.7)
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diagnostics were reported for the meta-analyses.28 Influence
diagnostics examined studentized deleted residuals and effects
on parameter estimates and standard error for mixed mod-
els.28 The heterogeneity of findings across studies was
assessed using the I2 statistic. I2 values were interpreted as
0%–50% indicating low heterogeneity and 51%–100% in-
dicating high heterogeneity.29 In addition, a metaregression
was conducted to examine the effect of age (median for each

trial) on the heterogeneity across trials for the prevalence of
an individual comorbidity. For the trials that only provided
age as categorical values, we estimated the median age from
the cumulative frequency distribution. Based on the cumula-
tive frequency distribution, we identified the category at the
50th percentile and took the midpoint of the range. As a
sensitivity analysis, we also examined the results excluding the
trials where we estimated a median age. We compared the

Figure 1 Pooled Prevalence Estimates for Individual Comorbidities Overall and by MS Type

Figure 2 Pooled Prevalence Ratios for Sex

Neurology.org/N Neurology | Volume 102, Number 5 | March 12, 2024 5

http://neurology.org/n


pooled prevalence with published systematic reviews
using a 2 independent sample one-sided t-test on the log-
transformed prevalence estimates to evaluate equivalence
with a 5% margin between the clinical trial prevalence and
the systematic reviews (see eMethods, http://links.lww.
com/WNL/D409).30 Data analysis was conducted in SAS
v9.4 (SAS Institute; Cary, NC) and R for Statistical Com-
puting (metagen package for meta-analysis and diagnostics31

and ggplot2 for figure generation).

Data Availability
Investigators may request access to anonymized individual
patient data and redacted trial documents from each sponsor
based on their individual processes. Before use of the data,
proposals need to be approved by the sponsor or an in-
dependent review panel, as appropriate, and a signed data

sharing agreement be put in place. The investigators will
provide the code for replication of results, on request.

Results
Trials
The analysis included 17,926 individual participants from 17
phase III clinical trials of disease-modifying therapies in MS.
eTable 2 (links.lww.com/WNL/D409) summarizes the fre-
quencies of the harmonized participant characteristics con-
sidered for the analysis. Of these 17 trials, 14 trials were
relapsing MS trials while 3 trials were progressive MS trials.
The frequencies of sex, age, and EDSS level are generally
consistent within the RMS and PMS trials (eTable 2). Rep-
resentation of races other than White participants was

Figure 3 Pooled Prevalence Ratios for Age Groups
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generally low across trials and was not reported/missing for
INFORMS and not reported in 72.8% of participants in
ASCEND.

Comorbidity Prevalence
The pooled prevalence of participants with no comorbidity was
53.5% (95% CI 48.5–59.0, I2 = 98.5, Table 2). About one-
quarter of the trial participants had 1 comorbidity in the pooled
data (25.0%) while 11.4% had 2 comorbidities and 6.0% had 3
or more comorbidities. However, there was high heterogeneity
across trials. The FREEDOMS II trial had the lowest

prevalence of participants with no comorbidity (22.7%
[20.3–25.3]) while CLARITY and ADVANCE had a high
prevalence of participants with no comorbidity (74.2%
[71.7–76.4] and 71.8% [69.5–74.0], respectively). Across trials
in those with 2 comorbidities (11.4%), the most frequent dyad
was cardiometabolic and mental comorbidities (20.7%
[17.6–24.4]), followed by 2 mental conditions (14.8% [11.6,
18.8]), migraine and mental comorbidities (12.9% [9.8–16.9])
and 2 cardiometabolic conditions (11.2% [7.3–17.1];
eFigure 1A, links.lww.com/WNL/D409). Those with 3
comorbidities had a pooled frequency of 4.1%. The most

Figure 4 Pooled Prevalence Ratios for Race

Figure 5 Pooled Prevalence Ratios for Disability Level
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frequent triad was 3 cardiometabolic conditions (41.9%
[35.5–49.5]) and 3 mental conditions (19.5% [15.8–24.0],
eFigure 1B).

The individual comorbidities where at least 10% of the trial
participants were identified to have the condition were de-
pression (16.5% [12.96–20.88], I2 = 98.3) and hypertension
(10.2% [8.61–11.98], I2 = 93.2, Figure 1). Comorbidities
where less than 1% of the trial participants reported the
condition were cerebrovascular, ischemic heart conditions,
PVD, and miscellaneous autoimmune conditions. The meta-
analyses for the individual comorbidities are provided in
eFigure 2 (links.lww.com/WNL/D409). The heterogeneity
was found to be generally high, although low heterogeneity
was observed for autoimmune thyroid, cerebrovascular, is-
chemic heart conditions, PVD, and miscellaneous autoim-
mune comorbidities. The influence of a specific trial on the
estimated prevalence for individual comorbidities showed
that for 4 comorbidities (cerebrovascular, functional and is-
chemic heart conditions, and miscellaneous autoimmune
conditions), a trial was influential in the meta-analysis
(eFigure 3). In general, the influence analysis showed the
estimated pooled prevalence was consistent among the
remaining 16 trials when an individual trial was omitted
(eFigure 3).

The prevalence of individual conditions by MS clinical course
was generally consistent; however, the prevalence of hyper-
tension and hyperlipidemia was higher in PMS trials while
migraine was more prevalent in the RMS trials (Figure 1).
Over calendar time, the number of comorbidities and most
individual comorbid conditions generally were consistent or
decreased in prevalence (eFigure 4, links.lww.com/WNL/
D409). Individual comorbidities that increased in prevalence
over calendar time were diabetes (2006 or earlier, 0.73
[0.30–1.78], 2007–2012, 1.97 [1.67–2.33], 2013 or later, 2.70
[1.28–5.69]) and hypertension (2006 or earlier, 8.61
[6.40–11.58], 2007–2012, 9.72 [9.02–10.48], 2013 or later,
17.01 [15.63–18.52]). Hyperlipidemia prevalence was similar
during 2006 or earlier and 2007–2012 calendar periods but
doubled in the 2013 or later period (2006 or earlier, 6.47
[3.99–10.50], 2007–2012, 6.11 [4.57–8.17], 2013 or later,
13.84 [8.36–22.91]).

Prevalence Ratios

Comorbidity Count
Sex, age, and disability level were associated with the number
of comorbidities. Female participants had higher odds of
having more comorbidities compared with male participants
(pooled PR [95% CI]: 1.49 [1.32–1.69], I2 = 68.0). As
compared with those in the older than 30–40-year age group,
older age groups had higher odds of having a greater number
of comorbidities (older than 18–30: 0.65 [0.60, 0.71], I2 = 0.0;
older than 40–50: 1.64 [1.49–1.82], I2 = 45.5; older than 50:
2.73 [2.35–3.18], I2 = 47.8). Greater disability was also as-
sociated with more comorbidities (1.217 [1.02–1.34],

I2 = 63.6). No associations between number of comorbidities
and treatment group (placebo: 0.98 [0.91–1.06], I2 = 0.0;
active comparator: 0.97 [0.85–1.10], I2 = 39.0) and racial
groups (0.97 [0.79–1.18], I2 = 73.1) were observed.

Individual Comorbidities
Sex, age, and disability level were associated with differences
in the prevalence of specific comorbidities, but treatment arms
were not (eFigure 5, links.lww.com/WNL/D409). Notable
differences are described below, and the prevalence for each
category and the PRs are shown in Figures 2–5.

Among cardiometabolic conditions, we noted that male par-
ticipants had a higher prevalence of hyperlipidemia and ische-
mic heart conditions than female participants. Older as
compared with younger age was associated with an increased
prevalence of hypertension, hyperlipidemia, and diabetes.
Compared with the White racial group, other racial groups had
a higher prevalence of diabetes and cerebrovascular disease.
Greater disability was associated with an increased prevalence
of hypertension, ischemic heart conditions, and PVD. For other
comorbidities, female participants and participants with lower
disability levels had a higher prevalence of migraine. Female
participants also had a higher prevalence of autoimmune thy-
roid disease and chronic lung conditions. A higher prevalence
of other autoimmune disease was observed for other racial
groups compared with White racial groups. For mental health
conditions, female participants and those in older age groups
had a higher prevalence of depression and anxiety.

The metaregression examining the effect of age on the het-
erogeneity of the prevalence showed a statistically significant
moderator effect for hypertension (p < 0.0001), hyperlipid-
emia (p < 0.0001), ischemic heart conditions (p = 0.019), and
PVD (p = 0.035; eFigure 6, eTable 3, links.lww.com/WNL/
D409). No difference in the prevalence of individual comor-
bidities by the test substance category was identified (eFig-
ure 7). Results for the sensitivity analysis excluding those with
the calculated age were consistent (data not shown). Com-
parison of the prevalence in the clinical trials with those from
systematic reviews, depression, other psychiatric conditions,
hypertension, hyperlipidemia, and diabetes were found to be
equivalent with 5% percent margin (eFigure 8).

Discussion
We examined the comorbidity status of nearly 18,000 par-
ticipants with MS enrolled in 17 phase III clinical trials. When
pooled, 46.5% of trial participants had one or more comorbid
conditions. In addition, we identified depression, hyperten-
sion, migraine, anxiety, and dyslipidemia as being the most
prevalent comorbidities in these trials. We observed an in-
crease in the prevalence of diabetes and hypertension in the
trials over a fifteen-year period, yet the prevalence of most
comorbid conditions decreased or remained constant over
time. The prevalence of hypertension hyperlipidemia and
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diabetes were higher in older age groups, and migraine was
more prevalent in female participants and younger age groups.
This is consistent with the expectations for these conditions
and reflects differences in PMS and RMS where PMS trial
populations tend to include older persons with MS and a
higher proportion of male participants compared with RMS
trial populations.

The most common individual conditions in the clinical trials
were also the most common conditions in a 2015 systematic
review of observational studies.5 The high prevalence of de-
pression mirrors the general MS population.2 The estimated
pooled prevalence of these conditions for these clinical trials
was similar to what was reported in the systematic review for
some of the conditions. Comorbidities, such as depression,
other psychiatric conditions, hypertension, hyperlipidemia,
diabetes, and other autoimmune conditions, had a similar
prevalence compared with the systematic review prevalence,
and other conditions fell within the reported 95% confidence
intervals for most conditions reported (i.e., chronic lung
disease (10.0% [0.0–20.9]), autoimmune thyroid (6.4%
[0.19–12.7]), cerebrovascular (3.3% [0.0–9.0]), ischemic
heart conditions (2.5% [0.0–5.8]), PVD (2.4% [0.0–5.1]),
functional heart conditions (0.9% [0.1–6.4])).5 As the sys-
tematic review notes,2 few studies included in the review were
population-based or standardized to a common population,
study designs were heterogeneous, and the validity of the
some data sources not well-established. In addition, while we
harmonized the systematic review data to our comorbidity
categories, there was still some variability in how the condi-
tions considered for some categories. However, the true
prevalence of these comorbidities is not known, and the
systematic reviews provide the most comprehensive source
for comparison. In addition, factors such as study design,
demographic, and clinical characteristics were more homo-
geneous in this meta-analysis.

Multiple chronic conditions were observed in approximately
17% of trial participants. The most frequent dyad was car-
diometabolic and mental conditions, and 3 cardiometabolic
conditions were the most frequent triad. Little is known about
the patterns of comorbidity in MS as much of the research in
comorbidities focuses on a single disease. Additional in-
vestigation into prevalence of these dyads and triads are
needed to understand how representative these may be to the
general MS population and the potential impact these
comorbidity combinations may have on clinical management
in those with multimorbidity.

Heterogeneity was high for most comorbidities examined, al-
though the I2 statistic should be interpreted cautiously because it
has been shown to have limited utility in meta-analyses of
prevalence estimates.29 In the metaregression, age had a signifi-
cant effect on the heterogeneity in the prevalence for only a few
individual cardiometabolic comorbidities. In addition, no single
trial seemed to drive the heterogeneity. FREEDOMS II had a
higher prevalence of individual comorbidities compared with

other trials in this analysis. Yet, it was considered influential for
only functional heart conditions, and the estimated pooled
prevalence for the comorbidity was slightly lower when omitting
the trial. The differences of FREEDOMS II may be due to true
differences in the enrolled trial population or differences in the
ascertainment of medical history and oversight associated with
the conduct of the trial. For example, reports from FREEDOMS
II noted the differences in the participant characteristics in this
trial population, specifically compared with the related FREE-
DOMS trial, or there may have been more intense review of
cardiovascular comorbidities with the potential for cardiac risks
at treatment initiation that were being observed.12

In contrast to our hypothesis, we did not observe increases over
time in most of the comorbid conditions examined. We ob-
served an increase in diabetes, hypertension and hyperlipid-
emia prevalence, possibly driven by trials in the latter period
being conducted in progressive MS populations and the dif-
ference in the mean age for PMS compared with RMS trials, as
shown in the metaregression results for hypertension and hy-
perlipidemia. In addition, the RMS trials conducted before
2013 may be too similar and the span of time too short to
detect any difference among the trials. In an analysis of a US
commercial claims data, the prevalence of common comor-
bidities varied minimally from 2006 to 2014.32 Data on the
prevalence of these comorbidities beyond 2014 are not avail-
able to understand whether these trends continue. Altogether,
this may suggest that there was little change in inclusion
practices in trials during this period. As more data becomes
available, it may be possible to examine this in the future.

The burden of comorbidity was higher at older ages, consistent
with observations in the general population.7,33 Comorbidities,
such as hypertension, hyperlipidemia and diabetes, are associated
with increasing age in the general population and in other MS
populations.32,34,35 Studies examining the prevalence of these
comorbidities compared with a comparator or general population
havemixed findings and quality.36 There is no consistent evidence
regarding MS being an additional risk factor for these comor-
bidities. Our ability to investigate racial and ethnic differences in
the prevalence of comorbidities was limited by the ability to
harmonize data across trials. There was variability in the trials with
respect to whether race information was collected (e.g., self-report
vs physician report), the granularity in how it was collected, and by
the generally low diversity in the trials.37 A recent systematic
review highlighted the underreporting and underrepresentation of
non-White participants with MS in clinical trials.37 From the
general population, there are expected differences in the preva-
lence of comorbid conditions by race, which have implications for
trial eligibility criteria and generalizability of trial results.33-35 The
FDA recommends consideration of broadening enrollment
practices for both demographic and nondemographic factors, such
as race and comorbid conditions, to better reflect the population
likely to use the therapy, if approved.4

This study has limitations. Because the trials considered in this
analysis were conducted before the International Advisory
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Committee on Clinical Trials in MS recommendations re-
garding comorbidity,5 the eligibility criteria among trials re-
lated to comorbidity were generally vague, and it was unclear
how they were operationalized for inclusion into the trials. We
relied on medical history data collected at enrollment for each
trial to ascertain comorbidity status, and this may have con-
tributed to the high heterogeneity in estimated prevalence
observed in this study. While we consistently used the same
methodology and definitions across trials, there is likely some
variability in ascertainment of these conditions for each trial.
Some trial sites may have verified the condition using the
medical records while others may have relied on self-report at
the time of trial enrollment. In addition, we were not able to
assess the severity and timing of the comorbidities with the
data available for these trials. While the severity of comor-
bidity may have implications regarding evaluation of their
effect on outcomes, this may not be as critical when examining
the prevalence of comorbidity. There is a need for more
structured and validated approaches to assess comorbidity
status and severity in clinical trials to reduce variability and
improve the reporting of comorbidity status in future trials. In
addition, more standardized reporting of comorbid status, at
least for the most common conditions, would allow clinicians
to assess the generalizability of trial results to the general MS
population where comorbidity is common. For common
mental comorbidities (e.g., depression, anxiety), standardi-
zation of instruments used to assess the comorbidity at en-
rollment would allow for more consistent characterization
and comparisons across trials. We cannot exclude that de-
pression and anxiety may have arose due to MS or its treat-
ments. However, these comorbidities have been found to
precede a diagnosis of MS in some individuals, and a sys-
tematic review of adverse events reported in MS trials for
more recent disease-modifying therapies found no increased
risk of psychiatric adverse events associated with these
therapies.38,39 We were not able to obtain all phase III clinical
trials for MS disease-modifying therapies and were limited in
the number of PMS trials and more current RMS trials with
accessible data. There is an increasing awareness of data
sharing in clinical trials in the pharmaceutical industry and
principles to guide responsible data sharing.40 However, there
is variability in the specific details (e.g., adoption, embargo
period, process, etc.) by company, and older trials may lack
the proper consents for data sharing. Nevertheless, this study
was able to analyze individual level data from 17 clinical trials
spanning over 15 years.

Our study shows individuals with comorbidities are present in
clinical trials, although potentially underrepresented compared
with the general MS population, and the prevalence varies by
demographic and clinical characteristics. Although the esti-
mates varied, when pooled, almost half of participants in these
trials had at least one of 15 specific comorbidities; this may be
higher than expected for clinical trial populations. Generally,
individuals with comorbidities are believed to be excluded from
clinical trials. Studies suggest that the presence of comorbidities
are associated with disability progression and relapse rates, both

common clinical trial outcomes. The effects of anxiety and
migraine on relapses suggest that comorbidity may be an un-
measured factor that has the potential to influence study design
through trial event rates and thus statistical power.6 Given the
relatively high prevalence of comorbidity in these trial pop-
ulations and previous studies suggesting it affects outcomes, it
will be important to further understand the influence of
comorbidity on outcomes in the clinical trial setting. Future
work investigating potential differences in treatment response
according to comorbidity status are warranted.
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