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Highlights
e Analysis included 147,933 adults aged >55 with MS from TriNetX data

o 8-12% of people with MS had a major adverse cardiovascular event (MACE) in 5
years

e MS was linked to higher stroke and mortality rates than rheumatoid arthritis

e Elevated CRP was strongly associated with future MACE in MS
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Abstract

Aims: People with multiple sclerosis (pwMS) and rheumatoid arthritis (pwRA) have an
increased cardiovascular disease (CVD) risk. As chronic inflammatory diseases with differing
underlying mechanisms, they provide a useful comparison for understanding cardiovascular
risk. We investigated major adverse cardiovascular event (MACE) incidence in pwMS,
compared to pwRA.

Methods: A cohort study was conducted using anonymised healthcare data in TriNetX. PwMS
or RA aged 255 years were diagnosed at least 5 years prior to the search and were 1:1
propensity-score matched for age, sex, ethnicity, pre-existing comorbidities, cardiovascular
procedures and medications. Cox proportional hazard models determined 5-year incident
MACE in pwMS, and associations between CVD risk factors and 5-year incident MACE were
investigated. Associations were then compared between pwMS and pwRA.

Results: Among 147,933 pwMS, 8-12% experienced a MACE within 5-years of a recording of
MS diagnosis in the database with or without CVD risk factors. PwMS and CVD risk factors,
with no previously experienced MACEs, had a higher rate of MACE (HR 1.13, 95%Cl 1.08, 1.19)
compared to those without CVD risk factors. Among pwMS, a significantly higher rate of
stroke (HR 1.28, 95% Cl 1.22, 1.35) and all-cause mortality (HR 1.09, 95% Cl 1.06, 1.12) was
observed compared to pwRA. Normal CRP levels (<3mg/L) were associated with a lower rate
of subsequent MACE compared to high CRP levels (>3mg/L) (HR 0.62, 95% Cl 0.58, 0.66) in
pwMS.

Conclusions: Major adverse cardiovascular events are relatively common in pwMS; those with
CVD risk factors have a higher 5-year MACE incidence. PwMS had a higher rate of stroke and
all-cause mortality compared to pwRA. CRP may be an important variable influencing future

MACE in pwMS.
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Introduction

Multiple Sclerosis (MS) is an unpredictable, autoimmune condition in which the body’s
immune system destroys myelin in the brain, optic nerve and spinal cord. Whilst the aetiology
of MS remains unknown, the estimated global prevalence of MS was 2.8 million in 2020 (1).
Studies have consistently shown that people with MS (pwMS) exhibit a heightened
susceptibility to cardiovascular disease (CVD) when compared to demographically matched
counterparts without MS (2-6). Population-based data in 44,452 Canadians with MS
estimated that the incidence rates of diabetes, hypertension, hyperlipidaemia, and ischaemic
heart disease increased from 1995 to 2005 (7). A Mendelian randomisation study suggested
a genetic link between the risk of MS and CVD (8). Additionally, the chronic recurrent episodes
of inflammation and demyelination of the central nervous system in MS are believed to play
a contributory role in the development of long-term cardiovascular dysfunction (9). Research
into the relationship between MS and CVD requires greater attention to improve clinical care,
early identification, optimise treatment strategies, and enhance the overall health outcomes

and quality of life for pwMS.

Research into risk factors for CVD in pwMS is limited. Research using the Framingham risk
score, a standardised algorithm widely employed in clinical practice to estimate the
probability of cardiovascular events, has shown that a higher cardiovascular risk profile was
associated with worse MS disability and disease course in 265 pwMS and 530 matched
controls (10). Additicnally, a cross-sectional study of 885 pwMS found that those with
vascular comorbidities, such as hypertension, and diabetes were significantly associated with
increased relapse rate over 2 years after adjusting for age (11). Research comparing major
adverse cardiovascular events (MACE) in the MS population and non-MS control groups has
found that incidence of acute myocardial infarction and stroke (5, 6, 12-14), as well as
mortality rates (5, 15, 16), are greater in pwMS. The incidence of MACE has also been
investigated in 19 of the most common autoimmune diseases, including MS, with around 15%
of individuals with (n=446,449) and 11% in those without (n=2,102,830) autoimmune diseases

developing incident CVD during a median follow-up of 6.2 years (17).
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Autoimmune diseases are linked to an elevated rate of CVD, with the rate of CVD increasing
with the number of autoimmune conditions present (17-19). A recent systematic review and
meta-analysis in people with systemic autoimmune diseases, such as rheumatoid arthritis
(RA), psoriasis, and lupus erythematosus has demonstrated an increased rate of MACE in
comparison to the general population (20). Rheumatoid arthritis (RA) is an autoimmune
disorder characterised by the immune system targeting healthy tissues (21). Despite ongoing
research efforts, the aetiology for RA remains poorly understood. The global prevalence of RA
was estimated to be approximately 17.6 million people in 2020 (22). RA is associated with a
50% increased risk of cardiovascular-related mortality and morbidity compared to healthy
controls, which has been linked to chronic inflammation, similar to MS (18, 23). Given that
MS and RA are chronic systemic inflammatory conditions associated with elevated
cardiovascular risk, but with distinct pathophysiological mechanisms, RA provides a clinically
relevant comparator for examining cardiovascular outcomes in MS. It is not known whether
the rate of MACE between MS and RA is comparable, or whether cardiovascular risk factors
in pwMS and pwRA have similar associations with MACE. This difference in cardiovascular risk
is crucial for understanding how cardiovascular risk manifests across autoimmune diseases,
and why it is necessary to investigate these diseases in parallel. Comparison of cardiovascular
outcomes between RA and MS patients allows identification of specific risk factors unique to
each condition, leading to more tailored and effective treatment strategies. Furthermore,
such comparisons will help clarify the roles of immune modulation and inflammation in
cardiovascular disease development, providing insights into how personalised approaches to

managing cardiovascular risk can be developed for individuals with autoimmune diseases.

Overall, there remains a paucity of research on cardiovascular risk factors and long-term
MACE for pwMS. We aimed to 1) investigate the 5-year incidence of MACE in pwMS, 2)
identify the association between cardiovascular risk factors and MACE in pwMS, and 3)
investigate whether the incidence of MACE, and the impact of cardiovascular risk factors,

differ between pwMS and pwRA over a 5-year period.

Methods

Study design
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This observational cohort study utilised anonymised data within TriNetX®, a global federated
health research network with access to electronic medical records (EMRs) obtained from
participating academic medical centres, specialty physician practices, and community
hospitals, predominantly located in the USA (24). Upon submission of data to the network
from participating institutions, it undergoes a process of mapping to a standardised and
controlled set of clinical terminologies. Subsequently, the data is subjected to a
comprehensive data quality assessment, including ‘data cleaning’ that excludes records failing
to meet the predefined quality standards set by TriNetX®. The database conducts routine
internal evaluations and extensive data quality assessments with every refresh based on
conformance, completeness, and plausibility (25). As a federated network, research studies
using TriNetX® do not necessitate ethical approval or informed consent as no identifiable
data is acquired. The TriNetX® network was searched on May 27, 2026. The index date was
defined as the date of the first recorded diagnosis of MS or RA in the database. For analyses
involving cardiovascular risk factors, the index date was defined as the first date on which
both MS (or RA) diagnosis and a cardiovascular risk factor were recorded in the database.
Deidentified individuals were followed for up to 5-years from the index date. The EMR data
included anonymised information on participant demographics, diagnoses, procedures,
medication, and laboratory measurements. This study is reported as per the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) guidelines (26) (see
Supplementary material, Table S1). At the time of the search, 131 (primarily US-based)
participating health care organisations had data available for individuals who met the study
inclusion criteria. To adhere to legal frameworks and ethical guidelines that protect against
data re-identification, identities of participating health care organisations and their individual

contributions to each dataset are not disclosed.

Cohort

PwMS aged >55 years were included using International Classification of Diseases, Tenth
Revision, Clinical Modification (ICD-10-CM) code G35. For comparisons with pwRA, pwRA
without MS aged >55 years were included, using ICD-10-CM code MO06.9 (Rheumatoid
arthritis) to prioritise diagnostic specificity and minimise misclassification within the

database. Those with RA were excluded if they had a record of optic neuritis (ICD-10-CM:H46),



Journal Pre-proof

acute transverse myelitis in demyelinating disease of central nervous system (ICD-10-
CM:G37.3), encephalitis, myelitis and encephalomyelitis (ICD-10-CM:G04), unspecified
parasitic disease (ICD-10-CM:B89), demyelinating diseases of the central nervous system
(ICD-10-CM:G35-G37.9). These exclusion criteria were applied to remove conditions that may
mimic demyelinating disease or introduce diagnostic uncertainty. RA was chosen as a
comparison condition to MS due to the known increase in cardiovascular event rate in
comparison to the general population. To reduce variability and enhance the detection of
MACE, stratified by cardiovascular risk factors, younger individuals (<55) with MS or RA who
may have fewer cardiovascular risk factors overall, were excluded. The age criterion for the

study was applied based on the participants’ age at the time of the most recent data access.

Exposures

Traditional cardiovascular risk factors including  but not limited to hypertension,
dyslipidaemia, smoking status, and inflammatory markers, were identified via codes included
in Supplemental Table S2. These were defined as recordings present at any time up to and
including the index date, which was itself defined as the first date on which both a diagnosis
of MS or RA and a cardiovascular risk factor were recorded in the database.

. Second, these cardiovascular risk factors were further investigated in pwMS versus pwRA.
Cardiovascular risk factors were based on clinically established thresholds (full list in
supplemental table S2). For instance, high systolic blood pressure was defined as >140mmHg,
diastolic blood pressure >90mmHg (27), HbAlc >6.5% (28), triglycerides >200mg/dl (29).
Lastly, the associations of C-reactive protein (CRP) and MACE in pwMS vs pwRA was
investigated. CRP levels in pwMS were stratified by normal (<3mg/L), and high levels (23mg/L)
according to guidelines from the Centres for Disease Control and Prevention and the
American Heart Association (30). Cardiovascular risk factors were treated as baseline
covariates, established prior to the commencement of outcome follow-up, and were not
modelled as time-varying exposures. Incident outcomes were assessed from one day after
the index date, ensuring complete temporal separation between exposure ascertainment and

outcome follow-up.

Statistical Analysis
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All analyses were performed within the TriNetX platform, leveraging R’s survival package
v3.2-3. Forest plots for all analyses were created in R-Studio (2024.04.1+748). All analyses
excluded participants with prior MACE that occurred before the 5-year follow-up period to
minimise reverse causation. With adjustment for multiple hypothesis testing, statistical
significance was set as P < 0.001. No imputations were performed for missing data. Censoring
was applied by excluding a patient from the analysis after the occurrence of the last recorded

event in their electronic health record.

Incidence of MACE and impact of cardiovascular risk factors in pwMS

5-year incidence of MACE during the 5-year follow-up period from the index date was
investigated in pwMS with and without at least one CV risk factor after PSM. Using logistic
regression, pwMS with traditional cardiovascular risk factors were 1:1 propensity score
matched (PSM) for age, sex, ethnicity, analgesics, and antidepressants with pwMS without
traditional cardiovascular risk factors. Cardiovascular procedures and medications were
included in the propensity score model to improve balance between cohorts for underlying
cardiovascular risk. These variables may also reflect baseline CVD burden and clinical
management, which are important sources of confounding in observational analyses. To
control for possible overmatching for cardiovascular procedures and medications, a
sensitivity analysis was conducted excluding these variables from the model. The TriNetX
platform utilises greedy nearest-neighbour matching, with a calliper of 0.1 pooled standard
deviations. Covariate balance between groups was assessed using standardised mean
differences (SMDs). Baseline characteristics with a SMD between cohorts score lower than
0.1 was considered well matched (31). Following PSM, Cox proportional hazards regression
models produced hazard ratios (HR) with 95% confidence intervals (Cls) for 5-year incidence
(from the index date) of all-cause mortality, ischemic stroke (cerebral infarction, ICD-10-
CM:163), acute myocardial infarction (ICD-10-CM:I21), and heart failure (ICD-10-CM:I50), as
well as a composite of these variables (MACE), comparing pwMS and cardiovascular risk

factors versus PSM controls with MS without risk factors.

MACE in pwMS versus pwRA
To investigate the difference in MACE incidence in pwMS and pwRA, people aged over 55

years were 1:1 PSM for age, sex, ethnicity, pre-existing comorbidities, cardiovascular
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procedures (including electrocardiography, echocardiography, catheterisation, cardiac
devices, and electrophysiological procedures), cardiovascular medications (including beta-
blockers, antiarrhythmics, diuretics, antilipemic agents, antianginals, calcium channel
blockers, and ACE inhibitors), analgesics, and antidepressants (codes used included in
appendix 1) with people aged over 55 years with RA. Cox proportional hazards regression
models produced HRs with 95% Cls for incidence of new MACE within the 5-year follow-up
period, comparing pwMS versus propensity-matched pwRA. These analyses excluded

participants with prior MACE that occurred before the index date.

Cardiovascular risk factors in pwMS versus pwRA

Subsequently, comparison of the impact of traditional cardiovascular risk factors on the risk
of MACE in pwMS versus pwRA was analysed. PwMS with independent traditional
cardiovascular risk factors were 1:1 PSM, using the same variables as above, with pwRA and
traditional cardiovascular risk factors (Supplemental table S2). Cox proportional hazards
regression models produced HRs with 95% Cls for 5-year incidence of new MACE, comparing

pwMS versus propensity-matched pwRA.

C-Reactive Protein and MACE in pwMS
Cox proportional hazards regression models produced HRs with 95% Cls for 5-year incidence
of new MACE, comparing pwMS and normal CRP levels (<3mg/L) versus propensity-matched

pwMS and high CRP levels (23mg/L).

Results

Cohort Characteristics

In total, 147,933 people aged >55 with MS and at least 5-years of follow-up data were
identified (56 + 10 years, 74% female), whilst 657,138 people aged >55 with RA, without MS

or other demyelinating diseases, were identified (66 + 11 years, 73% female).

Impact of cardiovascular risk factors in pwMS
A total of 107,364 (75%) pwMS =55 years had at least one cardiovascular risk factor, and
35,612 (25%) pwMS had no risk factors. Following PSM, 32,760 pwMS were included in

analyses in each group (Supplemental Table S3). There was a significantly higher rate of the



Journal Pre-proof

composite outcome of MACE among pwMS and any cardiovascular risk factor (HR 1.13, 95%
Cl 1.08, 1.19) (Figure S1) compared to pwMS and no risk factors during the 5-year follow-up
period (rate of 3,669/30,113 vs 2,642/31,352, respectively). For the components of MACE,
there was a significantly higher rate of 5-year incidence of stroke (HR 2.69, 95% Cl 2.34, 3.10),
acute myocardial infarction (HR 3.20, 95% Cl 2.65, 3.86) and heart failure (HR 2.93, 95% ClI
2.60, 3.31). There was a significantly lower rate of 5-year incidence of all-cause mortality (HR
0.79, 95% Cl 0.75, 0.84) (Figure S1). Results of the sensitivity analyses that excluded
cardiovascular procedures and medications from the PSM variables were consistent in
direction and magnitude for all-cause mortality, stroke, acute myocardial infarction, heart

failure and the composite outcome, MACE (Supplementary Table S4).

Incidence of MACE in pwMS

5-year incidence of MACE was 8.43%, and 12.18% in those with MS without and with at least
one CV risk factor, respectively, after PSM. The difference between those without and with at
least one CV risk factor was 3.80% (95%Cl 3.30%, 4.20%) after PSM. 5-year incidence of MACE
before PSM was 8.10%, and 13.90% in those with MS without and with at least one CV risk

factor, respectively (5.80% risk difference, 95%Cl 5.40%, 6.20%).

MACE in pwMS versus pwRA

Following PSM of pwMS to pwRA, there were n=129,497 included in each group. Although
some variables were statistically different between cohorts (ischaemic heart diseases)
following PSM, the cohorts were considered well-matched with small absolute differences

(<0.1, Table 1).

During the 5-year follow-up period, pwMS had a significantly higher rate of all-cause mortality
(HR 1.09, 95% CI 1.06, 1.12) and stroke (HR 1.28,95% Cl 1.22, 1.35) compared to propensity-
matched pwRA (Figure 1). PwMS had a significantly lower rate of acute myocardial infarction
(HR 0.79, 95% Cl 0.74, 0.83) and heart failure (HR 0.69, 95% Cl 0.66, 0.72) compared to
propensity-matched pwRA (Figure 1). There was no difference in MACE across cohorts (rate

of 13,859/121,474 vs 12,671/120,300, respectively).

[TABLE 1 INSERT HERE]

10
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Cardiovascular risk factors in pwMS versus pwRA

There was a significantly higher rate of MACE over 5-years in pwMS and high CRP (HR 1.16,
95% ClI 1.12, 1.21), low HDL cholesterol (HR 1.11, 95%Cl 105, 1.16) compared to pwRA and
high CRP and low HDL cholesterol, respectively (parameter definitions included in
supplemental table S2, Figure 2). Whilst pwMS and low iron levels (HR 0.62, 95%Cl 0.60, 0.65)
had a significantly lower rate of MACE over 5-years compared to pwRA and low iron. There
was a significantly higher rate of 5-year incidence of stroke among pwMS and high blood
pressure (HR 1.25,95% Cl 1.19, 1.32), high body mass index (BMI) (HR 1.35, 95%Cl 1.25, 1.45),
high CRP (HR 1.12, 95%CI 1.03, 1.22), high HbAlc (HR, 1.22, 95% Cl 1.10, 1.35), low HDL
cholesterol (HR 1.21, 95%Cl 1.10, 1.33), high triglycerides (HR 1.26, 95% Cl 1.12, 1.41), high
erythrocytes (HR 1.25, 95%Cl 1.13, 1.40), and a history of smoking (HR 1.22, 95% Cl 1.14,
1.32), in comparison to pwRA. Moreover, pwMS and high blood pressure (HR 1.03, 95%ClI
1.00, 1.07), high BMI (HR 1.08, 95%CI 1.04, 1.13), high CRP (HR 1.36, 95% CI 1.30, 1.42), low
HDL cholesterol (HR 1.14, 95%CI 1.08, 1.20), high triglycerides (HR 1.19, 95%Cl 1.10, 1.28),
high erythrocytes (HR 1.24, 95%Cl 1.16, 1.32), and high HbA1lc (HR 1.15, 95% Cl 1.08, 1.23)
showed a significantly higher rate of 5-year all-cause mortality in comparison to pwRA.
However, pwMS and low iron showed a significantly lower rate of 5-year all-cause mortality
in comparison to pwRA and low iron (HR 0.59, 95%Cl 0.57, 0.62). Across all cardiovascular risk
factors, pwRA were at an increased risk of acute myocardial infarction and heart failure in
comparison to pwMS. PwMS and high blood pressure (HR 0.81, 95%CI 0.77, 0.85), high BMI
(HR 0.87, 95%Cl 0.80, 0.93), high CRP (HR 0.82, 95%Cl 0.76, 0.89), low iron (HR 0.46, 95%ClI
0.42, 0.50), high troponin (HR 0.74, 95%Cl 0.65, 0.85), and a history of smoking (HR 0.85,
95%Cl 0.80, 0.91) had a significantly lower rate of acute myocardial infarction compared to
pwWRA. Furthermore, pwMS and high blood pressure (HR 0.74,95%CI 0.71, 0.77), high BMI (HR
0.80, 95%Cl 0.76, 0.84), high CRP (HR 0.83, 95%CI 0.79, 0.88), high HbAlc (HR 0.83, 95%ClI
0.77, 0.89), high total cholesterol (HR 0.81, 95%Cl 0.73, 0.90), low iron (HR 0.45, 95%Cl 0.42,
0.48), and a history of smoking (HR 0.79, 95%Cl 0.75, 0.83) had a significantly lower rate of
heart failure compared to pwRA. PSM data for individual cardiovascular risk factors can be

found in supplementary materials (supplemental tables S5-16).

C-Reactive Protein and MACE in pwMS

11
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High CRP levels were identified as having the strongest association with MACE among pwMS.
CRP levels were stratified into normal (<3mg/L), and high (23mg/L) categories (Figure 3).
Those with normal CRP levels showed a significantly lower rate of 5-year incidence of MACE
(HR 0.62, 95% Cl 0.58, 0.66, rate of 1,567/13,517 vs 2,309/13,117, respectively), all-cause
mortality (HR 0.49, 95% Cl 0.45, 0.53), acute myocardial infarction (HR 0.77, 95%Cl 0.67, 0.88)
and heart failure (HR 0.68, 95% Cl 0.62, 0.75) compared to those with high CRP levels (Figure

3). PSM data can be found in supplementary materials (supplemental Table S17).

Discussion

To our knowledge, this observational cohort study represents the largest sample size to date.
We found that between 8-12% of 147,933 pwMS aged >55 experienced a MACE within a 5-
year of follow-up, at least 5-years after an MS diagnosis. Second, the presence of
cardiovascular risk factors in pwMS was associated with significantly higher MACE compared
to those without risk factors. Third, pwMS had a 28% higher rate of stroke and 9% higher rate
of all-cause mortality compared to pwRA after exclusion of participants who had experienced
a MACE prior to the follow-up period. This higher rate persisted across stratified
cardiovascular risk factors. Notably, the current study identified CRP as having the strongest
association with MACE in pwMS. Individuals with MS having normal CRP levels had a 38%

lower rate of MACE compared to those with high CRP levels.

Incidence of MACE (8-12%) is substantially higher than previously reported (6). A systematic
review of 249 studies and reported an overall prevalence of less than 5% for ischemic heart
disease, congestive heart failure and stroke among pwMS (6). When defining MACE, the
present study included a greater number of outcomes focussed exclusively on individuals
aged over 55 with a recording of MS diagnosis on the database at least 5-years ago and
investigated 5-year incidence of MACE excluding participants with prior MACE that occurred
before the index date, whereas the previous systematic review included all age groups with
varied follow-up periods, with and without prior CVD. It is widely acknowledged that ageing
presents distinct challenges for pwMS due to the increased frequency of age-related and MS-
related comorbidities (32). Moreover, as recruitment for the present study is mostly via
research hospital sites, this may mean that the current sample is a higher risk group in

comparison to other prospective cohort studies focussed solely on pwMS. Furthermore,

12
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underreporting or misclassification of certain health conditions may be apparent in the
present study in consequence of sourcing data from EMR databases of healthcare

organisations.

The present study findings highlight the importance of managing cardiovascular disease risk
in pwMS, with an added focus on those with at least one cardiovascular risk factor due to the
significantly higher rate of MACE found compared to those without any cardiovascular risk
factors (HR 1.13, 95% Cl 1.08, 1.19). Additionally, the rate of stroke, acute myocardial
infarction, and heart failure were significantly greater in those with cardiovascular risk factors.
However, there was a significantly reduced rate of all-cause mortality found in pwMS with
cardiovascular risk factors compared to those without (HR 0.79, 95% CI 0.75, 0.84). This
unexpected association may be reflect improved primary and secondary CVD prevention
arising from more frequent healthcare contact. Hemida and colleagues recently reported a
significant rise in MS-associated cardiovascular mortality in US adults over a 25-year period,
with age-adjusted mortality rates increasing from 0.78 to 1.21 per 100,000 between 1999 and
2023, and a particularly sharp increase observed between 2018 and 2021 (34). Taken
together, these findings highlight the potential value of enhanced patient monitoring and
integrated care to enable early detection and intervention. Interventions such as diligent
blood pressure control, alongside lifestyle modification and pharmacological therapy, could
offer a promising primary and secondary prevention approach for pwMS. However,
alternative explanations must be considered. This finding may reflect surveillance bias,
whereby individuals with documented risk factors have greater healthcare engagement,
facilitating earlier detection and management of both cardiovascular and non-cardiovascular
conditions. Selection bias may also be present, as those without recorded risk factors may
include individuals with less frequent healthcare contact or under-documented
comorbidities, representing a heterogeneous group of low-risk individuals and those with
unrecorded or undiagnosed conditions. Additionally, misclassification bias may arise if risk
factor recording is more likely in those already under closer clinical observation. Although
statistically significant, the absolute mortality difference between groups was modest
(~0.7%). This suggests limited clinical magnitude and reinforces the need for cautious

interpretation, particularly in the context of a large cohort where small absolute differences
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may reach statistical significance. Collectively, these biases may contribute to the apparent

paradoxical mortality association and should be considered when interpreting these findings.

While pwMS and pwRA are known to have an increased CVD risk compared to general
populations (4, 35-41), this is the first study to directly compare these two groups and
investigate the impact of cardiovascular risk factors. Our findings demonstrate a 28% higher
rate of stroke and 9% higher rate of all-cause mortality in pwMS versus matched pwRA, whilst
there was a 21% lower rate of myocardial infarction and 31% lower rate of heart failure in
pwMS versus matched pwRA. After stratifying for individual cardiovascular risk factors, stroke
and all-cause mortality rate were consistently higher in pwMS. This study included all-cause
mortality as a measure, so the increased mortality rate in pwiMS may be driven by other
conditions that are not cardiovascular in nature. While pwMS demonstrated a statistically
significantly higher hazard of all-cause mortality than pwRA (HR 1.09), the magnitude of this
relative difference was modest and clinical significance should be interpreted cautiously. A
2008 observational study of pwMS aged 40-84 years found that pwMS were less likely to be
hospitalised for ischemic heart disease (OR 0.58, 95% Cl 0.51, 0.66) or myocardial infarction
(OR 0.78, 95% Cl 0.64, 0.96), yet more likely to be hospitalised for ischemic stroke (OR 1.66,
95% Cl 1.33, 2.09) compared to matched controls without MS (42). It could be speculated that
these results may reflect important biological and clinical differences between MS and RA.
Although both are immune-mediated inflammatory disorders, inflammation in MS occurs in
the central nervous system, therefore neuroinflammation may lead to a higher rate of stroke
(43), while inflammation in RA is systemic, leading to a potentially higher rate of acute
myocardial infarction and heart failure. In addition, MS and RA differ in their age at onset,
disease trajectories, comorbidity burden, and treatment strategies. For example,
cardiovascular risk in RA may be modified by disease activity and antirheumatic therapies,
while in MS it may be influenced by disability, reduced physical activity, autonomic
dysfunction, and disease-modifying therapies. Moreover, there is a potential for
misinterpretation of MS relapses as cerebrovascular events in pwMS, which may be
responsible for the increase in stroke rate in this cohort (44). Therefore, the present findings
should be interpreted as a comparison of cardiovascular outcomes across two clinically
distinct inflammatory diseases rather than as evidence that one disease confers a greater

intrinsic cardiovascular risk than the other. Nonetheless, comparing MS and RA provides
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insight into whether cardiovascular risk manifests differently across autoimmune conditions
with differing inflammatory mechanisms. Further research is necessary to elucidate the

biological mechanisms behind these findings.

When looking at the individual risk factors, our findings showed BMI as having the strongest
association with stroke (HR 1.35, 95% Cl 1.25, 1.45), whilst CRP had the strongest association
with composite MACE (HR 1.16, 95% Cl 1.12, 1.21) and all-cause mortality (HR 1.36, 95% ClI
1.30, 1.42) in pwMS versus pwRA. Our finding that CRP is associated with increased rate of
MACE and all-cause mortality in pwMS supports previous literature that suggests the
increased CVD rate in pwMS and pwRA is linked to chronic inflammation (41, 45-47).
However, previous studies have shown conflicting results regarding CRP levels in pwMS (48-
50). Whilst some previous work showed slightly lower CRP levels in pwMS during disease
onset compared to healthy controls (48), others have found no clear correlation between CRP
and MS (49, 50). Additionally, the current study is unable to determine causality. A study in
pwRA (n=9,889) linked higher CRP with heart failure risk, whilst taking anti-inflammatory
medications associated with a lowered risk (41). The present study highlights the potential
role of CRP in MS-related CVD. Upon further investigation, after stratifying for normal and
high CRP levels according to guidelines from the Centres for Disease Control and Prevention
and the American Heart Association (30), pwMS with low CRP (<3mg/L) had a 38% lower rate
of MACE compared to those with high CRP (23mg/L). This association remained for stroke,
acute myocardial infarction, heart failure, and all-cause mortality with rate differences
ranging from 9 to 51% (figure 3). CRP therefore seems to have a strong association with future
CVD in pwMS and emphasises the need for comprehensive cardiovascular risk assessment
and management. Future studies should validate this association and explore the

mechanisms of this association.

Limitations

While the current study leverages a large patient cohort through TriNetX®, several limitations
require consideration. First, the data were sourced from EMR databases of healthcare
organisations, and there may be underreporting or misclassification of certain health
conditions. Additionally, outcomes that occurred outside the TriNetX network are likely to be

underrepresented. PSM mitigates the effects of age, sex, ethnicity, comorbidities, and
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cardiovascular medication use, though confounding factors such as MS subtype, lifestyle
factors (e.g. alcohol consumption, smoking behaviours, and levels of physical activity),
disease-modifying MS therapies, and genetics could still influence the results. For instance,
previous research suggests that different MS subtypes have varying risks for cardiovascular
disease (51). Future studies should examine how MS subtypes and lifestyle factors impact
cardiovascular rate and long-term outcomes. Research has found that physical activity in
pwMS is not only beneficial for symptom management and potential disease modification
(52, 53), but also for reduction of cardiovascular risk factors (54) and comorbidities (55). Yet,
pwMS remain less physically active than those without MS (56, 57). Furthermore, certain
variables included in the PSM process, such as cardiovascular medications and procedures,
are likely markers of MACE. Their inclusion was necessary to ensure balance between the
cohorts, though this approach could introduce bias in the estimated rates of incident MACE.
This study compared the rate of MACE in pwMS to pwRA due to both being autoimmune
conditions with established higher CVD risk compared to the general population. However,
analysis of the rate of MACE directly among other autoimmune conditions may be of interest.
Moreover, after PSM, the numbers of pwMS and pwRA did not reflect the population
prevalence in the USA, which may introduce some bias. Diagnoses in TriNetX rely solely on
ICD codes which may vary by healthcare organisation and lack detail about diagnostic
processes (58). For analyses of cardiovascular risk factors, the index date was defined by the
first recording of both the autoimmune disease and the risk factor. As cohort entry was
therefore conditional on exposure ascertainment, selection bias may have been introduced.
Accordingly, the estimated hazard ratios should be interpreted as associations among
individuals with documented risk-factor status rather than as risk estimates from the time of
MS or RA diagnosis. Additionally, the large number of comparisons made in the current study
requires acknowledgement, as it increases the potential for type 1 error. To mitigate this risk
associated with multiple hypothesis testing, statistical significance was set as P < 0.001.
Finally, the study population, drawn predominantly from US healthcare organisations, may
not represent the wider US population, or other populations and the generalisability of the

results beyond this population is unclear.

Conclusions
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This study with 147,933 pwMS aged 55 years and older, demonstrated that 8-12% pwMS
(dependent on cardiovascular risk factors) experienced a MACE within a 5-year follow-up
period that occurred at least 5-years after an MS diagnosis. Cardiovascular risk factors were
also associated with significantly higher rate of MACE in pwMS. There was a higher rate of
stroke and all-cause mortality in pwMS versus matched pwRA. Early identification and control
of traditional risk factors, coupled with close monitoring of inflammatory markers, may

improve long-term cardiovascular outcomes for pwMS.
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Table 1. Cohort characteristics for people with multiple sclerosis and people with rheumatoid
arthritis before and after propensity score matching.

Propensity Score
Initial Populations Matching
People People People People
with MS with RA  Std with MS with RA Std
(n=147, (n=657,1 diff (n=129, (n=129, diff
933); % 38); % : 497); %  497); % '
(n) (n) (n) (n)
57.2 +/- 66.1 +/- 0.8 57.7+/- 57.7+/- 0.00
Age at Index; mean (SD) 9.8 11.3 43 9.6 9.7 8
74 0.732 00 74 74.4 0.00
Female (98952) (458822) 17 (95820) (96282) 8
25.8 26.7 0.0 259 25.5 0.00
Male (34568) (167176) 19 (33485) (33043) 8
10.9 12.3 00 111 10.8 0.00
Black or African American (14551) (76972) 44  (14342) (14030) 8
73.2 63.1 0.2 726 73
White (97915) (395081) 19 (93961) (94557) 0.01
0.9 4.3 0.2 0.9 0.8 0.00
Asian (1161) (26827) 17 (1161) (1066) 8
American Indian or Alaska 0.3 0.5 0.0 0.3 0.3 0.00
Native (393) (3298) 36 (393) (393) 7
Native Hawaiian or Other 0.1 0.3 0.0 01 0.1 0.00
Pacific Islander (156) (1831) 39 (156) (123) 8
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2.2 2.5 00 22 2.2 0.00
Other Race (2935)  (15556) 19 (2896) (2885) 1
12.4 17.1 0.1 12.8 12.7 0.00
Unknown Race (16626) (106910) 31 (16588) (16491) 2
2.6 5.4 01 27 2.7 0.00
Hispanic or Latino (3542) (33852) 41 (3541) (3477) 3
64.6 60 0.0 64.3 65 0.01
Not Hispanic or Latino (86368) (375801) 95 (83308) (84137) 3
32.8 34.6 0.0 329 32.3 0.01
Unknown Ethnicity (43827) (216822) 39 (42648) (41883) 3
Comorbidities
0.7 0.0 0.7 0.6 0.00
Hypertensive diseases (913) 0.7 (913) 68 (907) (813) 9
12.3 33.3 0.5 127 12.4 0.00
Ischemic heart diseases (16461) (208460) 16 (16450) (16071) 9
3.8 6.9 0.1 3.8 3.4 0.01
Cerebrovascular diseases (5037) (43360) 41 - (4904) (4462) 8
3.5 12.2 0.3 36 3.6 <0.0
Type 2 diabetes mellitus (4669) (76614) 29 (4662) (4667) 01
4.8 13.6 0.3 4.8 0.00
Type 1 diabetes mellitus (6477) (85021) 05 5(6466) (6232) 8
Cardiovascular Care and
Medications
Cardiovascular 8.9 22 0.3 9.2 8.9 0.00
Procedures (11886) (137887) 69 (11856) (11573) 8
Cardiovascular 20.4 20.4 04 21 20.8 0.00
Medications (27262) (27262) 69 (27200) (26925) 5
21.2 40.8 04 21.8 21.7 0.00
Analgesics (28319) (255320) 33 (28257) (28159) 2
12 18.2 0.1 122 12.1 0.00
Antidepressants (16047) (114093) 74 (15816) (15676) 3

PwMS; people with multiple sclerosis, PWRA; people with rheumatoid arthritis, SD; standard
deviation. *Index; MS/RA with/without cardiovascular risk factor measurement recorded in

database.
MR Lower 85%ClI Upper 85%CI Events (MS) Events (RA) P.value
MACE oS 099 097 10 138500129474 1261120300 0621
Ab-cause Mormalty - 10 106 50320036 7928129100 <0 001
Steke | e 128 122 135 IIBT25734 2448126509 <0001
Acite Myocardial Wl e 070 74 083 0800427771 2ATN27293 <0 001
Huurt Fadare ol | 0.69 068 072 1271126055 5556124242 <(} 001

Figure 1. Forest plot presenting hazard ratios for 5-year incidence of MACE, all-cause

mortality, stroke, acute myocardial infarction, and heart failure comparing people with MS
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to propensity score matched people with RA, excluding participants with prior MACE that
occurred before 2020. Cl; confidence interval, HR; hazard ratio; MACE; major adverse

cardiovascular events, pwMS; people with Multiple Sclerosis, pwRA; people with Rheumatoid

Arthritis
MACE HR Lower 95%C| Upper 95%Ci Events (MS) Events (RA} P.value
High Blood Pressure - 13- 064 088 108075582 1143078717 0.004
High 8MI . 101 0.568 1048 SESO42711  Se0642483 0.426
High CRP - 116 1.12 121 BOMQV22068 4347723027 <0001
High Troponn . oo 0.87 1.04 10062148 €24)1850 027
Low lron . oe2 oo Q85 4121725078 ©021/24104 <D.001
High Total Cholesterc L3 102 066 110 1328/10883 138511038 a.62?
High LOL Cholesterol . 1.03 D.e0 119 IWNZTHY g2 o.6s8
Low HOL Cholestancd . in 105 116 203413511 274513601 <0001
High HeAte . 105 099 114 22380787 0133
High Triglycandes . 110 103 117 193310788 186310901 0.003
High Enevocytes - 110 104 118 2594/14784 242518301 0001
Alcohol Disorcers . o097 DEv 1408 697/3320 T2W3204 0.556
. owr oo L E CI31/31878  B45231544 0.105
Allcause Mortality
High B! Prassume . 103 1.00 107 TAG88760 T436/88780 004
High BMI . 108 104 198 397750132 372850144 =001
High CRP . 136 2,30 142 46330033 <0 001
High Troporn . 10 D64 108 15784755 16064755 0.783
Low lron . P 0.57 Q&2 J20N32105 5431132220 «0.001
High Total Cholesterct . 112 1.0% 124 71812813 €51/12822 0.04
High LDL | . m 0.61 1.36 197/3280 18403290 0.302
Low HOL Cholesterl . 114 108 120 62318505  Z3T0N18515 <0001
High HbAte . 115 108 123 1908/1308 1729013081 “0 001
High Tnglycendes . 1.19 1,10 128 1520v14163 1268014184 <0001
High tes . 124 1.16 132 167518200 165016386 <0.001
Alcohol Disorcers . 087 078 LR 512/4424 T17/as28 0.012
s&no"oim e DA 0.85 1.0 492559600 SOSNSR634 0644
e
High Biood Pressure . 125 118 1492 311883526 26178600 <0.001
High BMI . 135 1.28 1.45 460781743 47571334 =0 001
High CRP . 112 1.00 1.22 121928226 111727548 0.006
High Troponn . 113 0.9¢ 132 3oaL141 294220 0.142
Low lron . [ D87 102 114429554 1253300484 0.131
High Total Chelesterol » 123 108 140 40011880 41412083 0.002
High LOL Chaodsesteral . 1.13 0.89 142 14003018 136v3050 0314
Low HOL Cholestercd . 121 1.10 1.3 COT/O630  BIE1T166 <0.001
High HbA e . 122 190 1.35 TTON12101  G7TR12451 <0.001
High Trglycendes . 120 142 141 BEA12554 845012853 <0.001
High Enarvocytes . 125 113 140 722/16821  BO7M7033 <0 001
Alcohol TAs0rsers . 128 o4 1.58 20113920 1684025 Q.02
Smok . 122 114 132 163338512 140Q/37206 <0001
Acute Myocardial infarction
High Blood Prassure . 0z o7 oas 2170530508 276585004 <0 001
High BMI . 087 D80 am 1290048405 150045447 <D 001
High CRP . 082 o7e a80 10720000  1367/20075 <D 001
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Figure 2. Forest plots presenting hazard ratios for MACE, all-cause mortality, stroke, acute
myocardial infarction, and heart failure comparing pwMS to propensity score matched
pwRA with individual cardiovascular risk factors. BMI; body mass index, BP; blood pressure,

CRP; c-reactive protein, HbA1c; glycated haemoglobin, HDL; high-density lipoprotein, HR;
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hazard ratio, LDL; low-density lipoprotein, MACE; major adverse cardiovascular events,
pwMS; people with Multiple Sclerosis, pwRA; people with Rheumatoid Arthritis. Parameter

definitions included in supplemental table S2.

HR  Lower 95%CI Upper 95%C1 Events (MS+NormalCRP) Events (MS+HIghCRP) P-value

NACE

Normal vs Hgn CRP . o2 05 0os BT/ AT 208117 <0001
All-cause Mortality

Narmal va Hgn CRP - 049 0as 053 GEANSOTE IEE158T8 o
Stroke

Normal ve Mg CRP . 08 any 1o 3MnaE2 504z o120
Acute Myocardial Infarction

Normal v Hgh CRP - 07 o087 082 37U15400 4405220 0.0
Heart Fallure

Normal vs High CRP . oen on a7s oraay B0614427 <5 001

Figure 3. Forest plots presenting hazard ratios for MACE, all-cause mortality, stroke, acute
myocardial infarction, and heart failure comparing people with MS and normal CRP levels to
propensity score matched people with high CRP levels. CRP; c-reactive protein, MACE; major
adverse cardiovascular events, MS; multiple sclerosis.

CRP defined as normal <3mg/L and high >3mg/L.
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