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M

ultiple sclerosis (MS) is the most common demyelinating disease of the central nervous system and the most common non-traumatic
cause of disability in young adults. Recent research shows that vascular disease risk factors (VDRFs) such as obesity, smoking,
hyperlipidemia, hypertension, type II diabetes mellitus, and metabolic syndrome, can influence MS on its onset, disease activity,
progression, and resultant disability. This review evaluates the current knowledge on the role of VDRFs on outcomes among people with MS
(PwMS) and shows that while VDRF prevalence may or may not be higher among PwMS compared with the general population, its presence
can influence MS in myriad ways. Management of VDRFs through early detection and treatment may be a promising approach to improving
outcomes in PwMS.
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Multiple sclerosis (MS) is the most common inflammatory demyelinating disease of the central nervous
system and the most common non-traumatic cause of disability in young adults. MS affects nearly
400,000 people in the US and 2.5 million people worldwide. While the precise etiology of MS is unknown,
it is suspected that the disease causation is multifactorial, in which exposure to environmental factors
triggers an autoimmune response among genetically susceptible individuals.1 Recent research
suggests an important plausible role of vascular disease risk factors (VDRFs) such as smoking,
obesity, hyperlipidemia, hypertension, diabetes, and metabolic syndrome on MS pathogenesis. It is
estimated that nearly 50% of people with MS (PwMS) have at least one VDRF at the time of their
MS diagnosis, and are more likely than healthy controls to have more than one VDRF.2,3 The presence
of VDRFs among PwMS appears to be associated not only with ongoing radiographic disease activity
and progression on magnetic resonance imaging (MRI), but also with increased risk of clinical disability
progression.3–5 The purpose of this paper is to examine the current literature on the relationship
between these potentially modifiable factors that affect MS onset, activity, progression, and disability,
and identify potential targets for improving clinical outcome among PwMS.

Smoking
The association between smoking and MS susceptibility has been investigated extensively over the
past several years, with studies consistently suggesting an increased risk ranging from 27–100% among
current smokers compared with non-smokers, with several studies suggesting a dose–response
relationship.6–8 Passive exposure to tobacco smoke has also been associated with an increased risk
of MS overall, estimated at nearly 25% compared with those not exposed to environmental tobacco
smoke.6,9,10 The prevalence of current smoking ranges from 17–29%, with one study suggesting nearly
5% of subjects started smoking after disease onset.3,11–13
Smoking among PwMS has also been associated with poor clinical and radiographic outcomes.
A longitudinal study following more than 100 people with clinically isolated syndrome over 3 years
showed that 75% of current smokers and only 51% of non-smokers developed clinically definite MS
(CDMS), with smokers having an 80% increased risk for progression to CDMS and significantly shorter
time interval to their first relapse compared with non-smokers.14 Current smokers with MS were
not only more than twice as likely to progress from a relapsing to progressive phenotype but also
underwent this transition earlier compared with non-smokers.15,16 Current smokers had significantly
worse MS disability at baseline than never-smokers, as measured by the Expanded Disability Severity
Scale (EDSS) and MS Severity Scale, as well as a 64% and 34% increased risk of reaching EDSS
4 and 6 compared with non-smokers and former smokers, respectively. Smoking among PwMS has
been shown to be associated with decreased whole brain volume and increased T2 lesion volume,
increased contrast enhancing lesions, and T1 lesion volume on MRI.17
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On the other hand, individuals who stopped smoking either before or
after the onset of the disease had a significantly lower risk of reaching
risk of conversion from a relapsing to progressive phenotype, with similar
rates between former smokers and never-smokers. Furthermore, former
smokers reached the progressive state an estimated 8 years later than
current smokers.15,16,18 More recent findings suggest that smoking cessation
has also been associated with a significant decline in the rate of brain
volume loss compared with current smokers.19 Given the high prevalence
rates of current smoking among PwMS, interventions aimed at smoking
cessation may substantially improve MS-related outcomes and reduce the
risk of developing smoking-related comorbidities. Active counseling about
smoking cessation may provide a low cost and substantially beneficial
intervention among PwMS.

Obesity
Obesity has also been studied extensively as a modifiable risk factor
for the onset and progression of MS. Several studies have suggested an
increased risk of developing MS among overweight (body mass index [BMI]
25.0−29.9 kg/m2) or obese (BMI ≥30 kg/m2) individuals, particularly among
overweight or obese female youth compared with male youth. This increased
risk was also found to be dose-dependent, with higher BMI associated
with higher risk of developing MS.20–24 Recent studies have estimated that
23–31% of PwMS are overweight and 18–25% are obese, with the highest
prevalence in North America.2,25,26 While some studies suggest that PwMS
have an increased risk of becoming overweight or obese,27 others suggest
a similar or decreased risk compared with healthy controls.3,28,29
Recent studies have suggested higher BMI was independently and
significantly associated with increased levels of disability, but not relapse
rate.30,31 Importantly, the presence of overweight status or obesity in MS has
been associated with an increase in the number of comorbidities including
a nearly five-fold increase in developing diabetes or hypertension and
more than two-fold increased risk of developing depression; this study
also demonstrated that an increasing number of comorbidities was related
to decreased quality of life and increased odds of disability.26 Overweight
or obese status has also been independently associated with increased
T1 lesion volume compared with those with normal BMI (18.5–24.9 kg/m2),
whereas the presence of additional VDRFs has been associated with
decreased whole brain and gray matter volume and increased T2 lesion
volume compared with subjects without these risk factors.3 Some data
also suggest that elevated BMI may also influence response to diseasemodifying treatment. Among eighty-six PwMS who were treated with
interferon-beta, 80% of overweight or obese subjects had continued MRI
activity compared with 48% of matched controls with normal BMI. In
addition, only 13% of the overweight/obese subjects achieved no evidence
of disease activity status, compared with 26% of normal-weight subjects.32
While further studies are needed to clarify this relationship, strategies
targeting the overweight and obesity may provide a promising avenue for
improving clinical and radiographic outcomes as well as quality of life.

Dyslipidemia
The prevalence of dyslipidemia among PwMS is estimated to be 14–49%,
with studies showing either higher or comparable rates to matched
control populations.33–35 Studies investigating the relationship between
dyslipidemia and disease activity have shown mixed findings. While
dyslipidemia has not been clearly associated with MS relapse rate, recent
studies have demonstrated a relationship between disability progression
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and dyslipidemia, specifically elevated total cholesterol, triglycerides, and
decreased high-density lipoprotein (HDL).31,36,37 The North American Research
Committee on MS (NARCOMS) registry showed that PwMS who developed
dyslipidemia had a 83% increased risk of developing mild visual disability,
75% increased risk of moderate visual disability, and 59% increased risk
of severe visual disability.38 These subjects also had a 35% increased risk of
early gait disability, 33% increased risk of requiring unilateral assistance,
and 24% increased risk of requiring bilateral assistance compared with
those without dyslipidemia.5 Subjects with elevated HDL levels were found
to have deceased contrast-enhancing lesion volumes, while those with
higher total cholesterol demonstrated lower whole brain volumes, when
compared with matched controls.37
Six studies have investigated the use of adjunctive statin therapy with
interferon-beta in the management of relapsing MS. Among the two studies
comparing simvastatin to placebo, the findings were mixed with only one
suggesting reduced relapse rate, and neither showing differences between
groups in T2 lesions, contrast-enhancing lesions, time to first relapse, or
EDSS change.39,40 The four studies comparing atorvastatin with placebo also
had mixed findings with two suggesting a reduction in disease activity, one
showing an increase in disease activity, and another showing no difference
between groups.41–44 Overall, further studies regarding adjuvant statin and
disease-modifying therapy are needed to better understand their role in MS
disease activity and progression.
These findings suggest that, while dyslipidemia may occur at similar rates
among people with and without MS, high total cholesterol and triglycerides
may lead to worse clinical and radiographic outcomes among PwMS,
whereas higher HDL levels may provide a protective effect. At present,
it is unclear whether these findings are secondary to dyslipidemia alone, or
the combined effects of both dyslipidemia and MS, and therefore requires
further studies to better clarify this relationship.

Hypertension
Prevalence estimates of hypertension among PwMS have varied from
23–30% in the NARCOMS registry to 11% in an international survey, with
highest rates in North America at 16.7%.2,25,26 Some studies have suggested
an increased prevalence of hypertension among subjects with MS
compared with healthy controls,33,34,36 whereas others have shown either
similar5,45 or decreased prevalence.46
While the relationship between hypertension and relapse rate remains
unclear, findings from the NARCOMS registry showed increased levels
of disability among PwMS with comorbid hypertension.38 This study
demonstrated 29% increased risk of early gait disability, 25% increased
risk of requiring unilateral assistance, and 17% increased risk of requiring
bilateral assistance among those with hypertension compared with
those without hypertension.5 Further analysis within this registry showed
that PwMS who develop hypertension had a 32% increased risk of
developing mild visual disability, 31% increased risk of moderate visual
disability, and 16% increased risk of severe visual disability.38 Similarly, a
recent study showed an increased risk of disability among hypertensive
MS subjects, estimated at 62.3%, 51.2%, and 16.9% of reaching EDSS 4,
6, and 8, respectively. Interestingly, this study also found that the rate of
disability progression was slower when compared with individuals without
hypertension.47 The presence of hypertension alone has been associated
with decreased gray matter and cortical volume among PwMS compared
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with those without, whereas the presence of hypertension in addition to
other VDRFs, including smoking or overweight/obesity, was also associated
with increased T2 lesion volume and decreased whole brain and gray matter
volume.3 These findings suggest that further studies are needed to better
clarify the relationship between hypertension and MS-related disease
activity and progression, as well as the potential role of anti-hypertensives
as neuroprotective agents.

Type 2 diabetes mellitus
The prevalence of type 2 diabetes mellitus (T2DM) among PwMS was
estimated at 3–8%, with the highest prevalence in North America at
4.1%.5,26,35 Some studies have suggested higher rates of impaired fasting
glucose tolerance and diabetes among PwMS,34,48 whereas others have
suggested decreased or similar rates.5,45
Nevertheless, studies have fairly consistently demonstrated worse clinical
outcomes among MS subjects with T2DM compared with those without
T2DM. Among subjects in the NARCOMS registry, those with comorbid
T2DM had a 29% increased risk of early gait disability, 28% increased risk of
requiring unilateral assistance, and 56% increased risk of requiring bilateral
assistance compared with those without T2DM,5 as well as a 35% increased
risk of developing mild visual disability, 41% increased risk of moderate
visual disability, and 54% increased risk of severe visual disability.38
While these findings do not clearly suggest an increased prevalence
of T2DM among PwMS, when present, T2DM is associated with worse
clinical outcomes in PwMS compared with those without T2DM. While
these findings suggest a role for targeting glycemic control in improving
clinical outcomes among this patient population, further studies are
needed in this area.

Metabolic syndrome
Metabolic syndrome, also known as insulin resistance syndrome or
syndrome X, is a disease state encompassing specific cardiovascular
risk factors including abdominal obesity, dyslipidemia, hypertension, and
abnormal glycemia. Higher body weight is a major risk factor for metabolic
syndrome.49,50 While the exact definitions of metabolic syndrome may vary
based upon various expert panels, metabolic syndrome often serves to
identify individuals at risk for diabetes, ischemic stroke, and heart disease.51
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A recent study showed metabolic syndrome prevalence among PwMS to
be 30%, similar to the general population, with no significant differences
between groups in disease duration, degree of disability, or number of
steroid treatments.51 In this study, PwMS with moderate disability (EDSS ≥3)
were included and among those, an estimated 56% had central obesity as
measured by waist circumference. The study showed prevalence of treated
and untreated hypertension to be 28% and 18%, respectively, 36% had
fasting hyperglycemia, 31% had treated dyslipidemia, 26% had elevated
triglyceride levels, and 28% had low HDL-cholesterol.51
A recent study examined the effect of metformin or pioglitazone, drugs
approved to treat T2DM, on treating metabolic syndrome and MS disease
activity in obese PwMS. This study showed significantly lower systolic
blood pressure and lower fasting glucose, fasting insulin, glycosylated
hemoglobin, total cholesterol, low-density lipoprotein, and triglyceride
levels in subjects treated with metformin or pioglitazone as compared with
the untreated control group. Notably, metformin- or pioglitazone-treated
subjects also showed a significantly lower number of new or enlarging
T2 lesions at 6 months and contrast-enhancing lesions at 2 years for the
control group, compared with the untreated control group.52 This limited,
albeit important, open-label study opens a whole new avenue that can
potentially help manage MS better. Further studies are needed to better
understand the relationship of metabolic syndrome and MS pathogenesis.

Conclusion
MS is a disease with a poorly understood diversity of phenotypes. Emerging
data suggests that presence or absence of VDRFs among PwMS may partially
explain these differences in clinical outcomes. While the prevalence of
VDRFs may not differ between PwMS and the general population, evidence
suggests that the presence of VDRFs among PwMS plays a significant
role in ongoing disease activity and progression. Just as the prevalence of
VDRFs is increasing in the general population, similar trends are expected
in the MS population. Early identification and management of comorbid
VDRFs, including lifestyle modification and targeted medical management,
may improve patient outcomes by slowing disease activity and disability
progression, and reducing the risk of other comorbidities that can affect
quality of life. While optimizing the management of VDRFs will not cure MS,
it provides an additional promising avenue for improving overall health and
quality of life in this population.
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