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ABSTRACT

Background: Vascular risk factors are associated with increased disease activity and disability progression in multiple sclerosis
(MS). This has been studied mainly in cohorts with relapsing-remitting MS. However, the association between vascular comor-
bidities (VCM) and clinical disability in secondary progressive MS (SPMS) is less well studied. Our aim was to investigate the
association between VCM, non-VCM, comorbidity burden and both physical and cognitive performance in SPMS.

Methods: Longitudinal analysis of 445 patients from the MS secondary progressive multi-arm trial (MS-SMART)-a multi-arm
multicentre phase-2b randomised placebo-controlled trial of three agents in SPMS (NCT01910259). VCM (hypertension and
hyperlipidaemia) and non-VCM (asthma, hypothyroidism and osteoporosis) were recorded. A comorbidity score was also deter-
mined (0, 1, >2). Physical disability and processing speed were assessed at baseline, 48- and 96 weeks. Multiple linear regression
and mixed models were used to investigate the cross-sectional and longitudinal relationships between baseline VCM, non-VCM,
comorbidity score and clinical outcome measures.

Results: The cohort was predominantly female (67%), median Expanded Disability Status Scale (EDSS) 6.0. 13% and 9% had hy-
pertension and hyperlipidaemia (VCM), respectively. 7%, 9% and 5% had asthma, hypothyroidism and osteoporosis (non-VCM),
respectively. Co-morbidity counts were 0,63%; 1, 23% and with > =2, 11%. In cross-sectional models, both hypertension (5= 0.36,
95% CI 0.18-0.54) and an increased comorbidity count (8=0.47, 95% CI 0.28-0.67) were associated with higher EDSS scores. In
longitudinal models, hyperlipidaemia (8=0.22, 95% CI 0.02-0.42) and increased comorbidity count (8=0.21, 95% CI 0.01-0.41)
were associated with increased EDSS scores over 48/96 weeks. No associations were seen with the non-VCM.

Conclusion: VCM and also increased comorbidity burden per se are associated with increased disability. Disability worsening
over 96 weeks was most evident in those with hyperlipidaemia and increased comorbidity burden.
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1 | Introduction

The importance of comorbidities in MS is increasingly rec-
ognised and may present an adjunctive therapeutic strategy to
decrease disability progression. With the increasing age of those
with secondary progressive MS (SPMS) compared to earlier,
more relapsing forms, comorbidities, and in particular overall
cardiovascular risk, are likely to be greater in those with SPMS
[1, 2]. Comorbidities in MS are associated with physical and cog-
nitive disability, increased risk of disease worsening, decreased
quality of life and increased utilisation of health resources [2, 3].
Thus far, studies have been mostly undertaken in large registries
or used hospital admission statistics, often using self-reported or
patient reported measures in cohorts containing predominantly
earlier relapsing forms of MS [4-12]. The impact of comorbidi-
ties on disability in progressive forms of MS has been less well
studied.

The Multiple Sclerosis—Secondary Progressive multi-arm trial
(MS-SMART) is a phase 2b multi-arm multicentre, randomised
placebo-controlled trial of the neuroprotective potential of ami-
loride, fluoxetine and riluzole in SPMS (NCT01910259) [13]. The
trial did not demonstrate any effect of the treatment agents on
decreasing whole brain atrophy over 96 weeks in SPMS [14]. A
recent analysis of this SPMS cohort (n=445) published in this
journal demonstrated that vascular comorbidities (VCM) were
associated with grey matter atrophy [15].

We now examine the effect of (i) individual vascular comor-
bidities (VCM) (ii) non-vascular comorbidities (non-VCM) and
(iii) increasing comorbidity burden on measures of ambulation,
upper limb function and cognitive performance, both at baseline
and longitudinally for the duration of the study.

2 | Methods
2.1 | Study Participants

In brief, participants were eligible for this trial if aged 25-65
with an Expanded Disability Status Scale (EDSS) score of
4.0-6.5 and demonstrated evidence of progression of SPMS over
the last 2years. Further details of the study protocol including
complete eligibility criteria, primary and secondary outcome
measures have been described previously [13, 15].

Consent was obtained for all participants according to the
Declaration of Helsinki and ethical approval for the study was
provided by the Scotland A Research Ethics Committee [13/
$S/0007].

2.2 | Comorbidity Status

The presence of VCM (hypertension, hyperlipidaemia) and non-
VCM (asthma, hypothyroidism, osteoporosis) was recorded
at baseline. Comorbidity count was also determined (0, 1, 2 or
more). These were recorded from participant histories and cor-
roborated with GP and hospital records where possible. Where
any of the comorbidities were recorded at screening, it was as-
sumed to be present for the entire trial duration.

2.3 | Clinical Measures of Disability

Participants underwent a series of clinical assessments at base-
line, 48 and 96 weeks (end of study). The Expanded Disability
Status Scale (EDSS) and timed 25-ft walk (T25FW) were used
to measure disability and walking speed, respectively [16, 17].
Upper limb function was measured using the 9-Hole peg test
(9HPT), and processing speed performance was assessed using
the symbol digit modalities test (SDMT) [18, 19].

2.4 | MRI Analysis

These have been described in detail previously but in brief,
standardised MRI acquisitions were taken at 3 Tesla [13, 15].
Acquisition parameters used in the study are shown in Table S1.
T2 lesion volume was calculated using a semi-automated
method with Jim7 (Xinapse, UK); SIENAX was used to measure
normalised brain volume [15, 20].

2.5 | Statistical Analysis

Participant demographics, VCM, non-VCM frequency and clin-
ical outcome measures were summarised using descriptive
statistics. Missing data are reported but not imputed. Baseline
comorbidities were analysed as (i) individual components re-
corded as binary (present/absent) variables; and (ii) comorbidity
count (0, 1, 2 or more) to enable comparison with previous stud-
ies (categorical variable with no comorbidities as reference) [7].
The comorbidity count was truncated at two or more due to the
low number of participants with 3 or more total comorbidities.

In the baseline cross-sectional analysis, the dependent variables
were EDSS, T25FW, OHPT, SDMT (all continuous).

In stage 1 analyses, we used multiple linear regression models to
explore the relationship VCM/non-VCM, comorbidity count and
baseline disability outcome measures. The dependent variable
was the baseline clinical measure, and the independent variable
of interest was the presence/absence of the individual VCM/
non-VCM or comorbidity count. 95% confidence intervals for re-
gression coefficients were computed using percentile bootstrap
confidence intervals based on 10,000 bootstrap samples.

In the second stage analysis, linear mixed models with robust
standard errors were used to explore the relationship between
the respective baseline VCM or comorbidity count and the
change in disability over 48 and 96 weeks measured using the
change in the clinical outcome measure from baseline to 48 and
96 weeks. Models were adjusted for age (continuous), sex (female
as reference), ethnicity (white Caucasian as reference), disease
duration (continuous), treatment allocation (for models examin-
ing change over 48/96 weeks only), BMI (categorised as follows:
underweight < 18.5kg/m?, normal [reference] 18.5-24.9kg/m?,
overweight 25.0-29.9kg/m? and obese >30kg/m?), baseline
normalised brain volume (continuous) and T2LV (continuous).
Sensitivity analyses were performed to investigate the effect
of an interaction with time, exclusion of T2LV and inclusion of
study site as covariates. At the reviewers' request, further sen-
sitivity analyses were also performed excluding the amiloride
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treatment group, due to potentially confounding effects of ami-
loride on hypertension.

We also examined the relative contribution of the relevant VCM/
non-VCM (or comorbidity count) and each covariate in the re-
gression models to clinical disability or disability progression
by calculating Shapley Additive exPlanations (SHAP) values.
Analysis using SHAP values is based on cooperative game theory
[21]. The Shapley value is measured as the average of all permu-
tations of the coalition of the covariates containing the covariate
of interest minus the coalition without the covariate of interest
[10]. In the context of regression, it assigns an importance value
to each regressor, which represents the additive marginal effect
on the model prediction of including that regressor.

Results from the regression models are reported as standardised
coefficients () with 95% confidence intervals. Distributional
assumptions in the regression analyses were assessed by visual
inspection of residual plots, normality examined by normal
probability plots and highly leveraged data observations iden-
tified using Cook's distance. Multi-collinearity was examined
using variable inflation factors.

Statistical analysis was completed using R statistical software
version 4.0.3 (https://www.r-project.org) and Stata version 18
(https://www.stata.com) [22]. All statistical tests and confidence
intervals were two-sided. 95% confidence intervals were calcu-
lated with the significance of raw p-values assessed based on a
5% significance level. No adjustment for multiplicity was made
as comparisons were based on specific a priori hypotheses.

3 | Results
3.1 | Participants

445 participants were randomised across 13 centres. Cohort de-
mographics were compatible with a typical population of SPMS,
with a mean age 54.6 (SD 7.0), 67% female and a median EDSS
of 6.0 (range 4.0-6.5) (Table 1). 62/445 (14%) did not undergo
clinical assessment with EDSS at 96 weeks. This group had sim-
ilar characteristics to the analysed cohort. The percentage loss
to follow-up was 5%-9% across all study groups.

166/445 (37%) had at least one VCM with 13% having hyperten-
sion and 9% with hyperlipidaemia. For non-VCM, 5%, 7% and
9% had osteoporosis, asthma and hypothyroidism, respectively.
When examining characteristics by cumulative number of co-
morbidities, 63% had none, 26% had one and 11% had two or
more (Table 1).

3.2 | VCM Analyses

In the step 1 regression analysis, the presence of hypertension
at baseline (8=0.36, bootstrapped 95% CI 0.18-0.54, p<0.001)
was associated with increased EDSS scores at baseline. In this
model, being male was also associated with an EDSS score that
was 0.25 standard deviations lower than females. There was
no association with age (Table 2). From the SHAP analysis,
the model contribution of hypertension was ~14% behind only

TABLE 1 | Baseline demographics and characteristics of the MS-
SMART cohort.

Characteristic N=445
Age (years), mean (SD) 54.5(7.0)
Females, n (%) 298 (67%)
Ethnicity, n (%)
White 427 (96%)
Black 501%)
Asian 10 (2%)
Other 3(0.7%)
Disease duration in years, mean (SD) 21.6 (9.7)
Any previous use of disease modifying 160 (36%)
therapy
Expanded Disability Status Scale, median 6.0 (4.0-6.5)
(range)
Timed 25Ft walk (sec), median (IQR) 11.3(10.2)
9-hole peg test (sec-1), mean (SD) 0.03 (0.01)
Symbol digit modalities test, median (IQR) 46 (17)

Normalised whole brain volume (mL), 1422.6 (83.6)

mean (SD)
T2 lesion volume (mL), median (IQR) 10.3 (14.5)
Individual comorbidities, n (%)
Asthma 31 (7%)
Hypertension 60 (13%)
Hyperlipidaemia 41 (9%)
Osteoporosis 22 (5.0%)
Hypothyroidism 41 (9%)
Body mass index category, n (%)
Underweight 22 (5%)
Healthy 204 (46%)
Overweight 136 (31%)
Obese 81 (18%)
Comorbidity count, n (%)
0 comorbidities 279 (63%)
1 comorbidities 115 (26%)
> 2 comorbidities 51 (11%)

disease duration and being male in importance (Figure 1). There
was no association between the presence of hypertension and
change in EDSS scores over 48 and 96 weeks.

The presence of hyperlipidaemia at baseline (§=0.22, 95% CI
0.02-0.42, p=0.04) was associated with a greater increase in
EDSS scores over 48 and 96weeks (Table 3). Age and sex were
not associated with a change in EDSS scores over 96weeks. In
the SHAP analysis, this contributed 8.9% to the model and was
third in importance to T2 lesion volume, age and disease duration
(Figure 2). There was no interaction effect with time (Table S1).
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The association remained if the amiloride group were excluded
(Table S2). The effect size and confidence intervals were very sim-
ilar in the sensitivity analyses excluding T2LV or including study
site (Tables S3 and S4), though fell marginally outside the signifi-
cance threshold.

No other associations were seen between the individual VCM
(hypertension, hyperlipidaemia), ambulation (T25FW), upper
limb function (9HPT) or cognition (SDMT).

3.3 | Non-VCM Analyses

No associations were seen between the non-VCM and EDSS,
T25FW, 9HPT and SDMT.

3.4 | Comorbidity Count

Having two or more comorbidities was associated with in-
creased EDSS scores (§=0.47, bootstrapped 95% CI 0.28-0.67,
p<0.001) and T25FW values (f=-0.34, 95% CI [—0.69 to 0.00],
p=0.049) at baseline (Table 4, Table S5). Being male was also as-
sociated with an EDSS that was 0.24 standard deviations lower
than females; however, age did not show a significant associa-
tion (Table 4). The SHAP analysis showed that having two or

TABLE 2 | Association between hypertension and EDSS at baseline.

Bootstrapped
Predictors Beta 95% CI p
Hypertension 0.36 0.18 to 0.54 <0.001
Male sex —0.25 —0.46 to —0.04 0.02
Disease duration 0.13 0.05 to 0.22 0.001

Note: R*=0.10. Other non-significant model covariates—age, ethnicity,
normalised brain volume, T2 lesion volume and body mass index are not shown.
Bold values: Hypertension, disease duration were associated with increased
EDSS scores. Male sex was associated with decreased EDSS scores.

Male sex
Disease duration
Hypertension
Overweight BMI
Baseline T2LV
Obese BMI
Baseline NBV
Underweight BMI
Age
Black ethnicity
Asian ethnicity
Other ethnicity °

more comorbidities contributed 15% to the model, around the
same as disease duration (17%) and male sex (17%) (Figure S1).

Having 2 or more comorbidities was also associated with a
change in EDSS from baseline over 48 and 96 weeks (8=0.21,
95% C10.01-0.41, p=0.04) (Table 5). Age and sex were not asso-
ciated with a change in EDSS scores over 96 weeks in this model.
In the SHAP analysis, having 2 or more comorbidities contrib-
uted 8.7% to the model, and in terms of feature importance, was
lower than T2 lesion volume, age, disease duration and treat-
ment arm (Figure 3). There was no interaction effect with time
(Table S6). The association remained if the amiloride group
were excluded (Table S7). The effect size and confidence inter-
vals were robust in the sensitivity analyses excluding T2LV or
including study site (Tables S8 and S9); the association remained
significant when adjusted for study site (Table S9).

4 | Discussion

In our analysis of a large SPMS randomised control trial cohort
followed up for 2years, we demonstrate that both hypertension,
hyperlipidaemia and an increasing absolute comorbidity burden
are associated with increased physical disability in SPMS.

TABLE 3 | Association between hyperlipidaemia and EDSS change
over 48/96 weeks.

Predictors Beta Standardised 95% CI p

Hyperlipidaemia  0.22 0.02 to 0.42 0.035
Other ethnicity 0.45 0.02 to0 0.87 0.039
T2 lesion volume  0.10 0.02 to 0.18 0.011
Disease duration  —0.08 —-0.15 to —0.01 0.041

Note: n=362. Other non-significant model covariates—age, sex, normalised
brain volume, body mass index and treatment allocation are not shown.

Bold values: Hypertension, disease duration were associated with increased
EDSS scores. Male sex was associated with decreased EDSS scores.

Percent

contribution
High  to model

18.4%
° 18.3%
14.0%
13.1%
10.9%
10.3%
7.0%
2.6%
1.6%
° 1.6%
1.1%
0.9%

Feature value

-03 -02 -0.1 0.0

T T T T Low
0.1 0.2 0.3 0.4

SHAP value (impact on model output)

FIGURE1 | SHAP analysis of association between hypertension and EDSS scores at baseline. SHAP values for parameters in the multiple linear

regression evaluating the association between hypertension and baseline EDSS. The column on the right shows the mean absolute SHAP value for

each parameter, as a percentage of the total, representing the percent contribution of each parameter to the model output. The x-axis shows the SHAP

values, with each individual dot signifying the SHAP value of a particular feature for a given data point. BMI, body mass index; EDSS, Expanded
Disability Status Scale; SHAP, SHapley Additive exPlanations; T2LV, T2 lesion volume.

40f9

European Journal of Neurology, 2026

B5UBY17 SUOWILLIOD dAER.ID) 3|t jdde 3y} Ag pauienob a1e 3l YO B8N J0 S3INJ 10y Afeiq1T 3UIUO AB]IM UO (SUORIPUOD-PUR-SLLLBI WY AB| 1M Afelq U |UO//SRY) SUORIPUOD PUe SWB L 81 35S *[9202/20/52] U ARiqiaunjuO Ao|im ‘8ous|pox3 1eD) pue UifeaH Jojainiisu| euoieN ‘3OIN AQ LTG0 3WS/TTTT OT/I0p/L0d A3 1M Aelqipuljuoy/Sdiy WOy papeojumod ‘Z ‘9202 ‘TEET8IYT



Baseline T2LV
Age
Disease duration
Hyperlipidaemia
Placebo arm
Fluoxetine arm
Baseline NBV
White ethnicity
Male sex
Overweight BMI
Underweight BMI
Obese BMI
Black ethnicity °
Riluzole arm
Other ethnicity

Percent

contribution
High to model
13.2%
12.5%
12.2%
8.9%
8.7%
8.6%
8.1%
7.5%
6.0%
3.5%
3.1%
2.4%
2.0%
1.9%
° 1.3%

Feature value

-0.4 -0.2 0.0

T T Low
0.2 0.4

SHAP value (impact on model output)

FIGURE2 | SHAP analysis of association between hyperlipidaemia and EDSS change over 48/96 weeks. SHAP values for parameters in the linear
mixed model evaluating the association between hyperlipidaemia and change in EDSS over 48/96 weeks. The column on the right shows the mean
absolute SHAP value for each parameter, as a percentage of the total, representing the percent contribution of each parameter to the model output.
The x-axis shows the SHAP values with each individual dot signifying the SHAP value of a particular feature for a given data point. BMI, body mass
index; EDSS, Expanded Disability Status Scale; NBV, normalised brain volume; SHAP, SHapley Additive exPlanations; T2LV, T2 lesion volume.

TABLE 4 | Association between comorbidity count and EDSS at
baseline.

Bootstrapped
Predictors Beta 95% CI P
One comorbidity 0.06 —0.15t0 0.27 0.58
>2 or more 0.47 0.28 t0 0.67 <0.001
comorbidities
Male sex -0.24 —0.44 to —0.03 0.03
Disease duration 0.13 0.04 to 0.21 0.005

Note: n=433, R?=0.10. Other non-significant model covariates—age, ethnicity,
normalised whole brain volume, T2 lesion volume and body mass index are not
shown.

Bold values: Hypertension, disease duration were associated with increased
EDSS scores. Male sex was associated with decreased EDSS scores.

TABLE 5 | Association between comorbidity count and EDSS
change over 48/96 weeks.

Standardised
Predictors Beta 95% CI p
One comorbidity 0.02 —0.15t00.18 0.835
Two or more 0.21 0.01 to 0.41 0.037
comorbidities
Other ethnicity 0.45 0.03 to 0.87 0.036
T2 lesion volume 0.10 0.02t00.18 0.011

Disease duration —0.08 —0.15to —0.01 0.044

Note: n=362. Non-significant model covariates—age, sex, treatment allocation,
normalised whole brain volume and body mass index are not shown.

Bold values: Hypertension, disease duration were associated with increased
EDSS scores. Male sex was associated with decreased EDSS scores.

4.1 | Frequency of Comorbidities in SPMS

Hypertension was the most common VCM, followed by hy-
perlipidaemia. Making comparisons with previous prevalence
studies is challenging due to heterogeneous MS cohorts, vari-
able methods when estimating prevalence and a relative paucity
of population-based studies in cohorts with SPMS. However,
our findings are generally in keeping with estimates that have
been reported in the literature for hypertension (10%-19%), hy-
perlipidaemia (11%), asthma (7%) and thyroid disease (6%) in-
cluding those from a recent meta-analysis of pooled clinical trial
data [2, 3, 23]. Given the older age of the cohort, we would expect
there to be higher percentage with comorbidities reflected by the
fact that 37% of participants had at least 1 or more comorbidity.

4.2 | Vascular Comorbidities and Physical
Disability

Our findings suggest that the presence of hypertension is asso-
ciated with increased physical disability as reflected by EDSS
in SPMS. After adjusting for covariates, those with hyperten-
sion have an EDSS that is 0.36 standard deviations greater
than those without hypertension. The model explained 10% of
the variation in EDSS suggesting that there are unexplained
factors not captured in the model. When exploring the im-
portance or contribution of each variable in the model using
SHAP analysis, hypertension showed a greater contribution
than T2LV, but disease duration and being male had a greater
contribution to increased EDSS scores at baseline. This may
reflect previous studies that male sex is associated with an in-
creased risk of progression, and limited associations between
lesion load and disability progression once in the secondary
progressive phase of MS [24]. Previous studies have exam-
ined mixed cohorts containing predominantly relapsing MS
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Baseline T2LV
Age
Disease duration
Placebo arm
>2 comorbidities
Fluoxetine arm
Baseline NBV
White ethnicity
Male sex
Overweight BMI
Underweight BMI
Black ethnicity °
Riluzole arm
Obese BMI
1 comorbidity
Other ethnicity

Percent

contribution
High to model
12.8%
12.0%
11.9%
8.8%
8.7%
8.4%
7.8%
7.3%
72%
3.7%
3.0%
2.0%
2.0%
1.8%
1.3%
° 1.3%

Feature value

-0.4 -0.2 0.0

T T Low
0.2 0.4

SHAP value (impact on model output)

FIGURE 3 | SHAP analysis of association between comorbidity count and EDSS change over 48/96 weeks. SHAP values for parameters in the mul-

tiple linear regression evaluating the association between comorbidity count and change in EDSS over 48/96 weeks. The column on the right shows the

mean absolute SHAP value for each parameter, as a percentage of the total, representing the percent contribution of each parameter to the model output.

The x-axis shows the SHAP values with each individual dot signifying the SHAP value of a particular feature for a given data point. BMI, body mass in-
dex; EDSS, Expanded Disability Status Scale; NBV, normalised brain volume; SHAP, SHapley Additive exPlanations; T2LV, T2 lesion volume.

in prospective and retrospective patient registries. Using the
patient reported NARCOMS registry, Marrie et al. demon-
strated that those with hypertension were more likely to de-
velop ambulatory disability (EDSS 4, 6 or 6.5) [11]. However,
the disease course was not specified which limits the direct
generalisability to SPMS. Conway et al. showed that hyperten-
sion was associated with slower walking speed (T25FW), but
this was in a study of 2083 people with RRMS [8]. In a 20year
retrospective analysis of 2396 patients, of which 21.1% had
PPMS or SPMS, Dagan et al. showed that those with a history
of hypertension were more likely to reach EDSS 4, 6 or 8 com-
pared to those without [25]. However, a Canadian retrospec-
tive analysis of 3166 (8.6% PPMS) did not find an association
with EDSS progression in adjusted models [26]. In prospective
studies, Kowalec et al. showed hypertension was not associ-
ated with increased relapse risk over 2years, but this cohort
(n=2885) contained only 22% with SPMS with a baseline me-
dian EDSS of 2.5 [7].

We also identified an association between hyperlipidaemia
on physical disability progression over 96weeks in SPMS.
Previous studies that included progressive MS (PMS) have
shown mixed results. Fitzgerald et al. in a cross-sectional
study showed dyslipidaemia was associated with worse upper
limb function and processing speed (n=11,507, PMS 29%;
EDSS not studied) [27]. Zhang et al. in a retrospective study
showed no association between hyperlipidaemia and EDSS
(n=3166, PMS 9%) [26]; whilst a prospective study by Kowelec
et al. (see above) showed hyperlipidaemia to be associated
with increased relapse risk but disease progression was not
investigated [7]. However, these cohorts contained predomi-
nantly relapsing remitting forms, were either cross-sectional
or did not include follow-up data on disease progression
thereby limiting comparison with our study that contained

progressive inactive SPMS participants followed up within an
RCT over 96 weeks.

Building upon this previous work but in a large cohort with
secondary progressive disease course, our study demonstrates
the association between hypertension, hyperlipidaemia and
increased disability (as reflected by EDSS) in an SPMS cohort
showing evidence of disease progression before and during
the trial.

4.3 | Vascular Comorbidities and Cognitive
Performance

VCM were not associated with decreased performance on tests
of cognitive processing speed in this study. Previous studies
have shown mixed results—a propensity weighted retrospec-
tive study of the MS-PATHS registry (n=11,507, 26% pro-
gressive disease course) demonstrated those with 2 or more
comorbidities had decreased processing speed performance
assessed using MS performance test (MSPT) [27]. Abbatemarco
et al. studied 4344 patients (19.7% SPMS) showing that VCM
burden was associated with decreased performance on pro-
cessing speed (assessed using MSPT); whilst Marrie et al.
showed that diabetes mellitus was associated with decreased
performance on BVMT-R results in a cohort of 111 (12% SPMS)
[4, 28]. However, these studies were undertaken in cohorts
with predominantly relapsing remitting MS using slightly dif-
ferent methods to measure processing speed. Recently pub-
lished cross-sectional data from a cohort of SPMS (n=218)
recruited for the MS-STAT?2 trial (NCT03387670) showed that
prematurely achieved vascular risk measured using QRISK3
was associated with decreased performance on verbal mem-
ory (CVLT-II) [29]. Further analysis using additional cognitive
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domains in SPMS is needed and is being conducted in current
clinical trials such as MS-STAT2 (NCT03387670).

4.4 | Non-Vascular Comorbidities and Disability
Measures

Our findings are generally in keeping with previous studies
which did not show any association between asthma and time to
EDSS or patient reported outcome measures [30]. A recent meta-
analysis examining comorbidities reported in MS clinical trials
found mixed findings with ‘lung conditions’ and ‘autoimmune
thyroid disease’ associated with disability worsening but not dis-
ease activity. However, again the majority were RRMS studies.

4.5 | Comorbidity Score and Disability

Having two or more comorbidities at baseline was associated
with increased clinical disability and decreased ambulatory
function as reflected by EDSS and T25FW, respectively. In
terms of model importance, only being male (mean abso-
lute SHAP value 17%) and longer disease duration (17%) had
more contribution to increased physical disability at baseline.
The relationship between increasing comorbidity burden
and ambulatory function has been previously demonstrated
where Marrie et al. showed that the addition of a comorbid-
ity was associated with 13%-18% increased odds of devel-
oping moderate-severe disability (as assessed using Patient
Determined Disease Steps (PDDS) (MS disease course not
specified)). However, a cross-sectional study in a similar UK
cohort of SPMS of prematurely achieved vascular risk mea-
sured using Q-RISK3 did not demonstrate any association
with physical disability measures [29].

In this study, increased comorbidity burden also increased the
risk of disability progression over 48 and 96 weeks where hav-
ing 2 or more comorbidities was associated with an EDSS score
that was 0.21 standard deviations worse over 48 and 96 weeks.

Our findings are in keeping with multiple studies that have
investigated the risk of disability progression in those with
an increasing number of comorbidities. When using predic-
tion tools that combine vascular risk factors into a risk score,
Moccia et al. (n =251, median EDSS 3.5, MS subtype not speci-
fied) showed that a 1 percentage increase in Framingham risk
score was associated with a 2.7 times increased EDSS score at
follow up [31]. Whilst, Zhang et al. showed that each addition
of a comorbidity increased mean EDSS by 0.18 in a longitudi-
nal study of prospectively collected data in a predominantly
relapse-onset MS cohort (n=3166, PPMS 8.6%) [26]. Our
findings from a prospectively followed UK cohort from a ran-
domised control trial build upon these findings, extending the
concept that an increasing comorbidity burden is associated
with physical disability progression even once in the second-
ary progressive phase of the disease.

T2 lesion volume was also strongly associated with increasing
EDSS scores over 96weeks, a known association linking white
matter lesion load and disability in MS. However, T2LV in this

cohort may also represent an excess burden of chronic small
vessel disease which may also contribute to EDSS worsening in
SPMS [32].

4.6 | Strengths and Limitations

The strengths of our paper are the recruitment of a cohort with
SPMS across many regions in the United Kingdom that included
the systematic recording of VCM at baseline. Participants were
assessed prospectively using blinded raters and standardised
measures of physical and cognitive performance over a period
of 48/96 weeks.

There are, however, several considerations. First, we relied
on patient histories when recording comorbidities; however,
we attempted to corroborate this with GP and hospital re-
cords where possible. As outlined in our previous paper in the
journal, when examining hypertension, baseline blood pres-
sure measurements were higher in those with hypertension
(mean arterial pressure: 105 vs. 97, p <0.001). Blood pressure
was also higher across the study duration (mean MAP 102 vs.
95, p<0.001, taken as an average across measurements from
screening, 48- and 96 weeks). Second, we did not include the
development of VCM during the trial period in this study, as
we were more interested in the association between baseline
VCM and longitudinal outcomes. Third, we recorded specific
information on the two VCM listed, but it may have been of in-
terest to include a wider range of VCM including diabetes mel-
litus, smoking history and previous vascular events. Fourth,
we were unable to adjust for socio-economic status as this data
was not acquired as part of MS-SMART [13, 14]. Fifth, ami-
loride has an anti-hypertensive effect, and whilst treatment
allocation was not significant in any of the 48/96-week mod-
els, it may have reduced or affected our ability to detect an as-
sociation between the presence of hypertension and disability
progression over 48/96 weeks. Finally, the study period was
limited to 2years.

In summary, hypertension, hyperlipidaemia and comorbid-
ity burden are associated with increased disability in SPMS,
strengthening avenues for further intervention.
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