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The Framingham cardiovascular risk score and 5-year

progression of multiple sclerosis

Abstract

Background. Cardiovascular risk factors and comorbidities can affect the prognosis of
multiple sclerosis (MS). The Framingham risk score is an algorithm that can estimate the 10-
year risk of developing macrovascular disease.

Objective. To evaluate possible association between the Framingham risk score at baseline,
and MS relapses, disability and disease-modifying therapy (DMT) choices over 5-year follow-
up.

Methods. This is a retrospective cohort study including 251 MS subjects. At baseline, we
calculated the Framingham risk score considering the following variables: age, sex, diabetes,
smoking, systolic blood pressure, and body mass index. MS outcomes including relapses,
disability and treatments were collected over 5 years. Cox proportional regression models
were employed to estimate hazard ratios (HR).

Results. 1-point increase in the Framingham risk score was associated with 31% higher risk
of relapse (HR=1.31; 95%Cl=1.03, 1.68), 19% higher risk of reaching of EDSS 6.0 (HR=1.19;
95%Cl=1.05, 3.01), and 62% higher risk of DMT escalation (HR=1.62; 95%Cl=1.22, 3.01).
Conclusions. Higher cardiovascular risk was associated with higher risk of relapses, disability,
and DMT escalation in MS. Early identification, correction and treatment of cardiovascular

comorbidities should be carefully considered within MS management.
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Introduction

Multiple Sclerosis (MS) is a chronic inflammatory and degenerative disease of the central
nervous system, whose underlining causes remain unknown, though genetic and
environmental factors are thought to be involved in its pathogenesis *. MS is associated with
progressive disability accrual and quality of life impairment, further worsened by comorbid
conditions 2 The impact of cardiovascular comorbidities on prognosis of patients with MS
has been examined by several studies. Overall, hypertension, ischemic heart disease,
overweight, cerebral and peripheral artery disease have been associated with MS disability,
relapses and clinical progression ***. There is great attention to cardiovascular comorbidites
due to their high prevalence in MS. In addition, available cardiovascular treatments, such as
statins, have been associated with reduced brain atrophy and, possibly, improved long-term

clinical disability in MS 1213

In a previous study, we have already assessed the cardiovascular risk in MS using the
Framingham risk score, which was associated with MS disability and clinical course (i.e.,
relapsing or progressive) *. The Framingham risk score predicts the percent risk of
developing heart failure, coronary, cerebral or peripheral artery disease within 10 years,
using age, sex, diabetes, smoking, systolic blood pressure, and BMI as input variables .
Hereby, we followed up the original study population for a five-year time (from 2014 to
2019), to assess whether increased Framingham risk score at baseline is associated with
increased risk of the following MS-specific incident outcomes: (i) relapses; (ii) disability; (iii)

treatment choices (i.e., escalation of disease modifying treatment (DMT)).
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Methods

Study design and population

This is a retrospective cohort study evaluating the association between Framingham Risk
Score at baseline, and MS clinical variables in a population of MS subjects over a five-year
period. The present study has been conducted at the MS Clinical Care and Research Centre

of the Federico Il University of Naples, Italy, between September 2014 and Dicember 2019.

The study was approved by the Federico Il Ethics Committee (355/19). All patients signed
informed consent authorizing the use of anonymized data collected routinely as part of the
clinical practice, in line with data protection regulation (GDPR EU2016/679). The study was

performed in accordance with good clinical practice and Declaration of Helsinki.

Inclusion criteria were: 1) baseline assessment with Framingham risk score measurement in

4

September 2014 as for our previous study “; 2) clinical follow-up with MS- and

cardiovascular records avaible for at least one year after September 2014.

Exclusion criteria were: 1) age at baseline <18 years; 2) participation in clinical trials during

the study period; 3) incomplete clinical records.

Cardiovascular variables
At baseline (September 2014), we computed the Framingham risk score for subjects with
MS using age (at baseline), sex, diabetes (yes/no), smoking (yes/no), systolic blood pressure,

and BMI *. Full details for Framingham risk score assessment have been reported elsewhere

4

During the 5-year observation, we recorded the occurrence of cardiovascular comorbidities
and treatments on each visit (every three to six months), and, for the purposes of the
present study, we extracted cardiovascular events which were part of the original
Framingham study (hypertension, transient ischemic attack, stroke, angina, and acute

myocardial infarction) **.

MS clinical variables
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Relapses were recorded and reported on an annual basis (annualized relapse rate- ARR),
and time from baseline visit to the first relapse was calculated. MS subjects were
categorized according to the clinical course in relapsing remitting MS (RRMS) or secondary
progressive MS (SPMS). Disability was scored with the Expanded Disability Status Scale
(EDSS) by certified clinicians, and time from baseline to the reaching of EDSS 6.0 was
calculated. DMTs were recorded over study duration, with some patients being not on
treatment; also, during follow-up, we recorded patients with DMT escalation (e.g., from
Interferon-beta, Glatiramer Acetate, Teriflunomide, or Dimethyl Fumarate to Alemtuzumab,
Fingolimod, Natalizumab, Ocrelizumab, or Rituximab). This classification complies with

5

current European Medicines Agency indications B suggesting the use of some DMTs for

escalation purposes in the presence of .

Sample size

The sample size was selected a priori based on our previous study 4, Considering a normal
distribution of variables to be analyzed on regression models, given a 5% minimum
detectable effect size, a two-sided tail, and a 5% a error, a sample of 251 patients would be

able to achieve 94% power 16,

Statistical analyses
Results are presented as mean (standard deviation), number (percent), and median (range),

as appropriate.

Association between Framingham risk score and ARR was evaluated using a Poisson
regression model, including follow-up time as offset. Association between Framingham risk
score and EDSS at follow-up was evaluated using an ordered logistic regression model. The
hazard ratios for the risk of relapse, EDSS 6.0, and DMT escalation in relation to Framingham
risk score were evaluated using Cox proportial hazards regression models; individuals were
considered at risk for the entire study period or until reaching study endpoints and censored
in case of loss at follow-up or end of study period. The assumption of parallel hazard
functions over time was met. To test this assumption we examined plots of log (-log survival
time) against log survival time and Schoenfeld residuals against survival time; in addition, we

used linear regression of Schoenfeld residuals on time to test for independence between
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residuals and time'’. These models were adjusted for age, sex, disease duration, baseline
EDSS, disease subtype (RR or SP), and follow-up duration. Results are presented as
coefficients (Coeff), hazard ratios (HR), 95% Confidence Intervals (95%Cl), and p-values, as

appropriate.

Statistical analyses were run using Stata 15.0. Results are considered statistically significant

for p<0.05.

Data availaibility

Data is available upon request to the corresponding author.
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Results

Of the original population (n=265), we were able to include 251 patients, with 14 patients
being lost at follow-up (5.2%). Baseline demographics and clinical features of included
patients are reported in Table 1. We included patients with at least one year follow-up from

baseline visit; follow-up was 4.6+1.0 years (ranging from 1.1 to 5.3 years).

Cardiovascular progression

Considering average follow-up duration (4.6 years), and average Framigham risk score
(6.5%), cardiovascular events would have been expected in 3.0% of the population. During
the follow-up, we recorded new onset of 1 stroke, and 4 angina, but no transient ischaemic
attacks, or myocardial infarction, overall involving 5 MS patients (2.0% of included

population).

MS progression

MS clinical features are reported in Table 2. Each additional percent Framingham risk score
was associated with 40% higher ARR (p<0.01) (Table 2 and Figure 1a), and 30% higher
relapse risk (p=0.02) (Table 2 and Figure 2a). Each additional percent Framingham risk score
was associated with 2.7 higher EDSS at follow-up (p<0.01) (Table 2 and Figure 1b), and 20%
higher risk of reaching of EDSS 6.0 (p=0.01) (Table 2 and Figure 2b). Full results, including

also covariates, are reported in Supplementary Table 1.

DMTs are reported in Table 3. Over the follow-up, 135 patients (53.8%) changed of DMT at
least once. On average, patients received 1.8£0.9 different DMTs during follow-up. Among
patients who changed of DMT, 60 (44.4%) escalated to higher efficacy DMTs, whilst 75
(55.6%) remained on DMTs within the same efficacy range. Each additional percent
Framingham risk score was associated with 60% higher risk of DMT escalation (p=0.03)
(Table 2 and Figure 2c). Full results, including also covariates, are reported in

Supplementary Table 1.

This article is protected by copyright. All rights reserved



Discussion

We evaluated the impact of multiple cardiovascular risk factors at baseline, combined in a
percent risk score (i.e. the Framinghm risk score), on MS course over 5 years. Higher
cardiovascular risk at baseline was associated with worse MS outcomes. In particular, each
additional percent Framingham risk score was related to 40% higher relapse rate, 20%

higher risk of reaching of EDSS 6.0, and 60% higher risk of DMT escalation.

MS is a disabling disease with heterogeneity in clinical outcomes. Most previous natural
history studies focused on demographics and MS-related clinical features, whilst

1 The impact of

comorbidity can also account for the variability of MS progression
cardiovascular comorbidities on MS prognosis has been examined by several studies ? but
we have hereby examined the combination of multiple cardiovascular risk factors

alltogether.

The association between higher Framingham risk score and relapses could be mediated by a
number of cardiovascular comorbidities. For instance, adverse lipid profile was associated

with greater risk of active lesions on brain MRI 18,19

, a surrogate marker of relapses. Also,
hyperlipidaemia and the coexistence of multiple comorbidities, such as hypertension and
ischemic heart disease, were associated with higher relapse rate in a large Canadian sample
(n=885) °. In our previous study, Framingham risk score was not different between patients
with clinical relapses in the previous 12 months *, though we have now investigated this

association prospectively, over 5 years, and using both relapse risk and rate.

In line with the association between Framingham risk score and relapses, we have also
found an association between higher Framingham risk score and DMT escalation. As such,
patients with higher cardiovascular risk have higher probability of switching towards more
active treatments. A previous ltalian real-life multicenter study showed that comorbidities
increased risk of DMT switch, also as a consequence of poor tolerance 20 whilst, in a
Canadian study, comorbidities did not seem to affect the choice of treatment ’. However,
these studies included a number of different comorbidities (e.g. anxiety, depression,

epilepsy, migraine, other autoimmune disorders), that reduced the contribution of
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cardiovascular risk factors towards DMT choice. Overall, in our study, the increased
cardiovascular risk possibly mediated higher disease activity first, and subsequent DMT
escalation. Thus, modifying cardiovascular risk factors could ultimately reduce relapse risk

and DMT escalation, also contributing ro reduced costs for MS management ',

We have also found an association between higher cardiovascular risk and disability
progression, measured with EDSS and reaching of EDSS 6.0 (a milestone of disability,
predicting the mortality in MS) 2 In previous studies, diabetes, obesity, and hypertension
were associated with MS-related disability, measured with EDSS and walking tests®?***.
Metabolic syndrome, which comprises different cardiovascular risk factors, was associated
with higher EDSS score at diagnosis, and with the risk of EDSS progression 2. Another study
combined different comorbidities by adding them one another, and showed a 200%
increased risk of disability progression in subjects with at least 2 comorbidities °. Though

some studies showed conflicting results 2527

, in @ meta-analysis, smoking was associated
with higher average EDSS %8, and, in a large British sample (n=895), smokers were more at
risk of reaching of milestone EDSS 4.0 and 6.0 *°. As such, the reaching of EDSS 6.0 is a proxy
of increased risk of death, that could be at least in part mediated by cardiovascular risk
factors, representing up to 17.3% causes of death 2. Of note, cardiovascular comorbidities

are associated with reduced survival more in MS, when compared with general population

11,30

The mechanisms by which cardiovascular risk factors affect MS remain unknown. First, even
in the absence of overt cerebrovascular disease, hypercholesterolemia, diabetes and

hypertension are associated with brain atrophy 31,32

, possibly due to increased peripheral
inflammation *. Also, diabetes and other cardiovascular risk factors may increase the
susceptibility to oxidative stress, change the blood vessel structure and function, and
worsen the inflammatory response within the brain **. Not least, abnormalities of cerebral
endothelial cells are reported in MS, and could be enhanced by cardiovascular risk factors 3,

As such, it is possible that multiple mechanisms contribute to explain interactions between

multiple cardiovascular comorbidities and MS.
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Age is part of Framingham risk score calculation, and is an important determinant of the
associations with relapses, disability and DMT escalation (as shown by the significance of
covariates in the statistical models). On the one hand, MS relapse rate declines with ageing,
with younger individuals being more at risk of relapses than older subjects *°. However,
older individuals have an increased risk of vascular comorbidities, such as hypertension,
hyperlipidaemia and diabetes, thus contributing to relapse risk. In our study, we have
included age in both the Framingham risk score and the statistical models as a covariate; as
such, we have mitigated the effect of age (and other not-modifiable risk factors, such as sex
and disease duration) on the reaching of clinical outcomes in relation to the overal
cardiovascular risk, measured with the Framingham risk score. For instance,
notwithstanding the significant contribution of age, sex and disease duration, the
Framingham risk score is an independent contributor to ARR, EDSS and DMT escalation. On
the contrary, the association between older ager, higher cardiovascular risk and worse

disability is more straightforward "%,

We observed fewer cardiovascular events in our MS population (2.0%), compared with
expected rates estimated through Framingham risk score in the general population (3.0%).
MS patients have higher burden of cardiovascular comorbidities, when compared with

11,3940 Ag such, we cannot exclude that some cardiovascular events went

general population
missing in our retrospective study. However, the difference between expected and
observed cardiovascular events also point towards an unsuitability of the Framingham risk
score for predicting cardiovascular risk in MS. The Framingham risk score was originally
developed in the general population and, thus, does not account for a number of factors

which could affect the cardiovascular risk in MS (e.g., reduced mobility due to disability, use

of steroids for relapses), with more specific scales deserving to be developed.

A number of limitations might have affected the present study. First, this is a retrospective
study, hence less scientifically sound than a clinical trial or a prospective study. Looking at
our population, patients were recruited in a single Italian MS centre and, so, the extent to
which this sample is representative of the general MS population cannot be definitively
assessed. Also, we only measured the cardiovascular risk at baseline, and did not asses

changes over time; however, the Framingham risk score was specifically designed to predict
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the cardiovascular risk over the following years '*. Unfortunately, standardized cholesterol
measurements were not available for all subjects, and further studies are warranted on this
issue, since an adverse lipid profile has been associated with MS evolution in several studies
810, nevertheless, the Framingham risk score based on the BMI has showed similar capacity
to predict the cardiovascular risk, when compared with the use of cholesterol levels 1,
Additional limitations could come from potential confounders, such as the use of multiple
medications in patients with more comorbidities, with side effects or interactions
influencing our outcomes. Some patients might have changed of DMT due to personal
decision or to other factors which do not necessarily imply treatment escalation, though our
results on treatment escalation are consistent with results on relapses. Cardiovascular
comorbidities might also affect DMT response, deserving to be explored in future studies.
Comorbid conditions are also associated with decreased quality of life in MS . which we

did not record in our study.

In conclusion, the Framingham risk score was associated with MS relapses, disability and
treatment choices over 5 years, but is possibly not suitable for assessing the cardiovascular
risk in MS. Correction and treatment of cardiovascular risk factors, along with lifestyle

changes, should be carefully considered in the long-term management of MS.
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Table 1. Baseline demographics and clinical features.

MS patients
(n=251)
Age, years 42.1+11.3
Sex, female 154 (61.3%)
Disease duration, years 8.1+6.3
EDSS 3.5 (1.0-7.5)
Smokers 96 (38.2%)
BMI, kg/m? 25.4+45

Systolic blood pressure, mmHg 119.1 £ 13.9
Use of hypertensive medications 33 (13.1%)
Diabetes 5(2.0%)

Framingham risk score 6.5+6.6%

Table shows demographics, cardiovascular, and MS clinical features at baseline.
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Table 2. Follow-up MS clinical features.

Coeff 95%ClI P-value

Lower Upper

ARR 0.07+0.16 0.43 0.18 0.59 <0.01*
EDSS 3.5(1.0-8.0) 2.72 2.50 2.94 <0.01%*
HR 95%Cl P-value

Lower  Upper

Relapse occurrence” 52/251 (20.7%) 1.31 1.03 1.68 0.02*
Time to relapse, months 14.5+13.0
Reaching of EDSS 6.0" 13/217 (6.0%) 1.19 1.05 3.01 0.02*
Time to EDSS 6.0, months 23.5%17.2
DMT escalation” 60/135 (44.4%) 1.62 1.22 3.01 0.03*
Time to DMT escalation, months 43.1+20.1

Table shows MS clinical feature during follow-up. Coefficients (Coeff), hazard ratios (HR),
95% Confidence Intervals (95%Cl), and p-values are presented from Poisson regression
(ARR), ordered logistic regression model (EDSS), and Cox proportial hazards regression
models (time to relapse, time to EDSS 6.0, and time to DMT escalation), as appropriate (*
indicates p<0.05).

*Among all patients (n=251).

*Among patients with baseline EDSS<6.0 (n=217).
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Table 3. DMTs.

Baseline Follow-up

(2014) (up to 2020)

Alemtuzumab - 16 (6.4%)
Dimethyl-fumarate 5(2.0%) 23 (9.2%)
Fingolimod 37 (14.7%) 52 (20.7%)

Interferon-beta, Glatiramer Acetate 141 (56.2%) 55 (21.9%)

Natalizumab 54 (21.5%) 33 (13.1%)
Ocrelizumab, Rituximab - 20 (8.0%)
Teriflunomide 5(2.0%) 16 (6.4%)
Untreated 9 (3.6%) 36 (14.3%)

Table shows number and percent of patients receiving different DMTs at baseline and

follow-up.
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