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Introduction
In multiple sclerosis (MS), disease characteristics such 
as age at symptom onset and type of symptoms at 
onset are relatively poor at explaining heterogeneity in 
clinical outcomes such as disability progression.1 
Several studies suggest that vascular comorbidities 
including hypertension, hyperlipidemia, and heart dis-
ease may adversely influence disability progression.2 
Hyperlipidemia is associated with the accumulation of 
new hyperintense lesions on magnetic resonance 
imaging (MRI).3 Further, hypertension and other 

comorbidities are associated with lower health-related 
quality of life.4

Findings regarding the prevalence of vascular comor-
bidities in MS are conflicting. For example, some stud-
ies have reported that individuals with MS have an 
increased risk of ischemic heart disease5 while others 
have suggested that individuals with MS are less likely 
to be hospitalized for ischemic heart disease.6 Findings 
regarding stroke also conflict.7–11 Therefore, we aimed 
to systematically review the literature regarding the 
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incidence and prevalence of comorbid vascular disor-
ders in MS, and to evaluate the quality of all included 
studies.

Methods
This systematic review was part of a study regarding 
the worldwide incidence and prevalence of comorbid-
ity in MS. Herein we describe the findings for vascular 
comorbidities including hypertension, hyperlipidemia, 
cardiac disease, cerebrovascular disease, and periph-
eral vascular disease.

The approach to developing the search strategies for 
each comorbidity is delineated in detail elsewhere.12 
Briefly, we searched the published literature using 
PubMed and EMBASE, and conference proceed-
ings using SCOPUS and Web of Knowledge  
for all years available through November 1, 2013 
(Supplemental Appendix I). The reference lists of 
articles identified by electronic searches were man-
ually reviewed.

The abstracts were independently reviewed by two 
individuals with respect to relevance, with abstracts 
selected by either reviewer going on to full-text 
review. To be included a study had to be (i)  
conducted in an MS population, (ii) clearly iden-
tify the comorbidity of interest, (iii) report the 
incidence or prevalence of the comorbidity, (iv) 
include original data, and (v) be published in 
English. Disagreements between reviewers were 
resolved by consensus.

For each article selected, one reviewer abstracted 
information using a standardized data collection form. 
The second reviewer verified the data abstraction. As 
detailed elsewhere, the data collection form captured 
general study characteristics, as well as incidence and 
prevalence estimates.12 Each study was critically 
appraised using a standardized assessment tool used 
in a systematic review of the incidence and preva-
lence of MS, and awarded quality scores based on yes 
or no responses to nine questions.12

Statistical analysis
The I2 test was used to quantitatively assess heteroge-
neity of population-based studies in which the 
expressed aim was to assess the incidence or preva-
lence of comorbidity. Random-effects meta-analyses 
were conducted using a Microsoft Excel spreadsheet 
developed for this purpose.13 We employed a continu-
ity correction of 0.5 for studies in which zero events 
were recorded.14

Results

Diabetes
Search. The search identified 590 unique citations after 
duplicates were removed (Supplemental Figure 1). 
After abstract screening and hand searching, 65 articles 
met the criteria for full-text review, of which we 
excluded 26, leaving 39.5,7–11,15–47

Study characteristics. The studies were conducted 
from 1930 to 2009, but the time period was not reported 
in several studies. Most studies were conducted in 
Europe (19, 48.7%) or North America (15, 38.5%), 
with only four (10.2%) conducted in Asia and two 
(5.1%) conducted in Australia. Data sources used 
included clinical databases or medical records review 
(16, 41.0%), administrative data (12, 30.8%), self-
report (10, 25.6%), and interviews (seven, 17.9%); 
some studies used multiple data sources. Among stud-
ies using clinical databases, medical records or inter-
views,18,19,21,25–27,29,31,36–38,41,42,46,48 the diagnostic 
criteria for MS were reported in nine (56.2%) stud-
ies;25,26,31,33,36–38,40,42,46 the Poser criteria were most 
often used (six, 66.7%), sometimes in combination 
with the McDonald criteria. Most studies using admin-
istrative data specified the diagnostic codes for MS 
used; however, only four specified that the administra-
tive case definitions for MS had been validated against 
a reference standard.5,23,30,34 Diabetes was ascertained 
largely using the same approaches as those used to 
identify the MS population. Specific diagnostic criteria 
for diabetes were rarely reported,36,37 and the validity 
of administrative case definitions for diabetes was 
assessed or described in only three studies.23,30,34 Study 
quality was variable (Supplemental Table 1, associated 
manuscript12) with quality scores ranging from one of 
nine to eight of eight overall, and four of nine to eight 
of eight among population-based studies.

Incidence. Two studies reported the incidence of dia-
betes to range from 0.001% to 1.01% (Supplemental 
Table 1).5,47

Prevalence. Thirty-nine studies reported prevalence of 
diabetes, variably for type I diabetes, type II diabetes, 
or both (Supplemental Table 2).5,7–11,15–47 Possibly 
because of the different definitions of diabetes used, 
and variation in whether the MS cohorts were incident 
or prevalent, findings varied widely for diabetes (type 
unspecified) from 0% to 27.1%. Findings for type I 
diabetes are discussed with those for autoimmune 
disease.49

For type II diabetes the prevalence varied from 6.75% 
to 8.57%.8,27 Only one of these studies was population 
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based, reporting the highest estimate.8 The prevalence 
of diabetes appeared to be higher in older populations 
and in men versus women. The prevalence of diabetes 
was likely underestimated in the studies relying 
exclusively on hospital data,5,7,20,28 as only hospital-
ized individuals’ data were captured. In the study 
from New York State only individuals hospitalized 
for reasons other than MS were included, potentially 
biasing the estimated prevalence of diabetes.7

Seven studies reported diabetes prevalence at or 
before the diagnosis of MS to range from 0.85% to 
5.65%.5,17,23,28,30,50,51 The prevalence of diabetes 
reported at MS diagnosis was very similar in the two 
Scandinavian studies that used similar designs and 
administrative data sources.5,28 These estimates were 
also quite similar to one based on self-reported diag-
noses of diabetes from the North American Research 
Committee on Multiple Sclerosis (NARCOMS) 
Registry (1.2%).50

Comparisons. Findings from those studies comparing 
the prevalence of diabetes in the MS population to 
another population were completely inconsistent, vari-
ously suggesting the prevalence of diabetes to be 
higher, lower or the same in the MS popula-
tion.7,8,10,11,17,21,23,25,28,30–34,36,38,42,44–46,51 Several of these 
studies reported comparisons based on the literature, 
rather than concurrently evaluating a control popula-
tion (Supplemental Table 3).

Hyperlipidemia
Search. After duplicates were removed, the search 
identified 44 unique citations (Supplemental  
Figure 2). After abstract screening and hand search-
ing, 18 articles met the criteria for full-text review, 
of which we excluded five, leaving 13 (Supplemen-
tal Table 4).7–10,16,26,29,34,35,39,40,44,51

Study characteristics. The studies were conducted 
from 1984 to 2010. Most were conducted in North 
America (eight, 61.5%), while three (23.1%) were 
conducted in Asia (all in Taiwan), one (7.7%) study 
was conducted in Europe and one (7.7%) was con-
ducted in Australia. Diagnoses of MS and hyperlip-
idemia were established by several methods 
including administrative data either with or without 
formal validation of the case definition for MS (six, 
46.1%), self-report (four, 30.8%), and review of 
medical records or clinical database (three, 23.0%). 
Only one of the studies that used administrative data 
reported efforts to validate the approach used to 
identify hyperlipidemia.34 One of the studies from 
Taiwan aimed to improve the specificity of 

hyperlipidemia as identified using administrative 
data by requiring one hospital or two ambulatory 
claims for hyperlipidemia over two years, but the 
accuracy of this approach was not reported.8 Study 
quality was highly variable, with quality scores 
ranging from two of nine to eight of eight overall 
and from four of eight to eight of eight among popu-
lation-based studies (Supplemental Table 2, accom-
panying manuscript12).

Incidence. None of the studies reported the incidence 
of hyperlipidemia.

Prevalence. The prevalence of hyperlipidemia ranged 
from 3.0% to 47.8%. In the study from New York State 
only individuals hospitalized for reasons other than MS 
were included, potentially biasing the estimated preva-
lence of hyperlipidemia.7 The prevalence of hyperlip-
idemia was particularly high among a population of 
male veterans at 48.5% (Supplemental Table 4).10

We identified only three population-based studies that 
aimed to estimate the prevalence of hyperlipi-
demia;8,34 39 all used administrative data. The first 
used a validated case definition and reported a preva-
lence of 13.8% (12.4%–15.2%) in 2005,34 but noted a 
rising prevalence of hyperlipidemia over time. 
Heterogeneity was high, as measured by the I2 statis-
tic (94.9). The summary prevalence estimate for these 
studies was 10.9% (95% confidence interval (CI): 
5.6%–16.1%) (Figure 1).

Comparisons. Of the seven studies that compared the 
prevalence of hyperlipidemia in the MS population 
with a concurrent control population or published 
data for the general population, five reported a higher 
prevalence of hyperlipidemia in the MS population 
(Supplemental Table 5).8–10,44,51 Three of these studies 
used the same administrative data source in Tai-
wan.8,44,51 The other two studies reported a lower 
prevalence,7,34 but one reported that although hyper-
lipidemia was less prevalent in the MS population 
over a 20-year period, this disparity had dissipated by 
2005 (Supplemental Table 5).34

Hypertension
Search. The search identified 218 unique citations 
(Supplemental Figure 3). After abstract screening and 
hand searching, 26 articles met the criteria for full-
text review, of which we excluded six. Twenty studies 
were the subject of this review.

Study characteristics. The studies were conducted 
from 1997 to 2009.4,5,7–11,16,26,28,32–35,40,44,51–54 Most 
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were conducted in North America (10, 50%), while 
three (15%) were conducted in Europe and the other 
two (10%) were conducted in Asia (Taiwan). Diagno-
ses of MS were established by several methods 
including administrative data either with or without 
formal validation of the case definition for MS (nine, 
45%), self-report (three by questionnaire or interview, 
15%), and review of medical records or clinical data-
base (three, 15%). Hypertension was ascertained by 
administrative data codes (nine, 45%), self-report 
(five, 25%), and review of medical records or a clini-
cal database (one, 5%). Only one of the studies that 
used administrative data reported efforts to validate 
the approach used to identify hypertension.34 One of 
the studies from Taiwan aimed to improve the speci-
ficity of hypertension as identified using administra-
tive data by requiring one hospital or two ambulatory 
claims for hypertension over two years, similar to a 
validated Canadian definition,55 but the accuracy of 
this approach was not reported.8 Study quality was 
highly variable, with quality scores ranging from two 
of seven to eight of eight overall, and from four of 
nine to eight of eight among population-based studies 
(Supplemental Table 2, associated manuscript12).

Incidence. The only study reporting the incidence of 
hypertension found that 3.73% of an incident MS 
cohort developed the condition over a maximum fol-
low-up of 30 years (Supplemental Table 6).5

Prevalence. The reported prevalence of hypertension 
varied substantially from 0% to 47.8%,4,5,7–11,16,26,28,32–

35,40,44,51–54 but the study populations were heteroge-
neous, including both incident and prevalent MS 

cohorts, and cohorts restricted to men. Some studies 
evaluated the prevalence of hypertension at or before 
the diagnosis of MS while others evaluated it after MS 
diagnosis (Supplemental Table 7). The prevalence of 
hypertension was likely biased in the studies relying 
exclusively on hospital data, as only hospitalized indi-
viduals were captured. In the two truly population-
based studies with the aim of evaluating the prevalence 
of hypertension, the findings varied from 16% to 
20.8%.8,34 Both studies used administrative data, with 
reasonably similar case definitions for hypertension. 
Heterogeneity was high, as measured by the I2 statistic 
(89.9). The summary prevalence estimate for these 
studies was 18.6% (95% CI: 13.9%–23.2%) (Figure 2).

In four studies, the prevalence of hypertension at diag-
nosis ranged from 0% to 8%,5,28,35,51 with the highest 
reported prevalence being in the North American 
cohort.35

Comparisons. Two Scandinavian studies reported the 
incidence of hypertension in incident MS populations 
and in the general population but did not make statisti-
cal comparisons.5,28 Eleven studies compared the 
prevalence of hypertension in the MS population with 
a comparator population.7–11,32–34,44,51 Six of these 
reported that hypertension was less common in the MS 
population,8,10,33,44,51 while the others reported that it 
was more common (Supplemental Table 8).8,10,33,44,52

Cardiac arrhythmia
Search. The search identified 41 citations (Supple-
mental Figure 4). After abstract screening and hand 

Figure 2. Forest plot of the prevalence of hypertension in 
multiple sclerosis in population-based studies.

Figure 1. Forest plot of the prevalence of hyperlipidemia 
in multiple sclerosis in population-based studies.
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searching, five articles met the criteria for full-text 
review, of which we excluded one. Four studies were 
the subject of this review.5,8,11,28

Study characteristics. The studies were conducted 
from 1977 to 2009. Half of the studies were conducted 
in Europe,5,28 while the other two were conducted in 
North America and Asia.8,11 All of these studies used 
administrative data and identified the MS population 
and comorbidities of interest using International Clas-
sification of Diseases (ICD) codes. While one study 
cited high predictive values for diagnoses based on 
hospital administrative data,28 validity of the adminis-
trative codes used was generally not reported. Study 
quality was variable (Supplemental Table 2, associ-
ated manuscript12) with quality scores ranging from 
four of eight to six of eight overall and from four of 
eight to six of eight among the three population-based 
studies.5,8,28 Limitations of the studies included failure 
to report validity of the administrative case defini-
tions used to identify the MS population or cardiac 
arrhythmia, and failure to age-standardize findings. 
For example, age-standardized findings were reported 
in only one study.28

Incidence. Both European studies reported the inci-
dence of atrial fibrillation or flutter in incident MS 

cohorts.5,28 The incidence was 1.2% in Denmark and 
0.55% in Sweden (Supplemental Table 9).5,28 Since 
these studies relied on inpatient hospitalizations, the 
incidence of atrial fibrillation may have been underes-
timated slightly. Based on an I2 statistic of 96.6%, het-
erogeneity was high. The summary estimate of the 
incidence of atrial fibrillation was 0.89% (95% CI: 
0.68%–1.11%) (Figure 3).

Prevalence. Two studies reported the prevalence of 
cardiac arrhythmia, with estimates ranging from 2.6% 
to 4.5% (Supplemental Table 10).8,11 Only one of 
these studies was population based.

Comparisons. All studies compared the burden of car-
diac arrhythmias in the MS population with the general 
population, but findings conflicted. The two European 
studies found the incidence of atrial fibrillation was 
about one-third lower in the incident MS population 
than in the matched population.5,28 Similarly the preva-
lence of atrial fibrillation was lower in the hospitalized 
elderly population with MS than in the non-MS hospi-
talized population.11 However, in the Taiwanese popu-
lation, which largely consists of ethnic Chinese, cardiac 
arrhythmia occurred more than twice as often in the 
MS population as in the matched population (Supple-
mental Table 11).8

Figure 3. Forest plot of the incidence of atrial fibrillation in multiple sclerosis in population-based studies.
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Cardiac valvular disease
Search. The search identified two unique citations 
(Supplemental Figure 5). After abstract screening and 
hand searching, four articles met the criteria for full-
text review, of which we excluded two. Two studies 
were the subject of this review.5,28

Study characteristics. The studies were conducted 
from 1977 to 2009. Both studies were conducted in 
Europe and used incident MS cohorts, as identified 
using diagnoses in inpatient hospital registers (admin-
istrative data). The Danish study cited the positive 
predictive value of a diagnosis of MS in the hospital 
register although the citation referred to an abstract,5 
but the Swedish study did not report the validity of 
MS as identified using administrative data. Neither 
study reported the validity of diagnoses of valvular 
disease based on administrative data. Quality scores 
ranged from five of eight to six of eight (both popula-
tion based).

Incidence. Incidence of cardiac valvular disease was 
reported by one study to be 0.7% over a 30-year fol-
low-up period (Supplemental Table 12).5

Prevalence. Both studies reported the prevalence of 
cardiac valvular disease at the time of first diagnosis 
of MS to range from 0% to 2.3% (Supplemental Table 
13).5,28 The sex distributions of the two populations 
were similar (64.1% and 68.05% female). Because of 
differences in the way the age distributions were 
reported they were difficult to compare, but the Dan-
ish study reported that 3.8% of the population was 
over age 70 years,5 while 13.6% of the Swedish study 
population was over age 60 years.28 The relatively 
high proportion of older individuals in both studies 
suggests that some of the MS cases identified were 
not truly incident. Since valvular disease was identi-
fied in only hospitalized individuals the true preva-
lence may be underestimated. Neither of these studies 
investigated valvular disease as the primary aim.

Comparisons. Neither study reported a statistical 
comparison of the prevalence of valvular disease 
between the MS population and controls, but valvular 
disease consistently occurred less often in the MS 
population (Supplemental Table 14).

Ischemic heart disease
Search. The search identified 170 unique citations 
(Supplemental Figure 6). After abstract screening and 
hand searching, 19 articles met the criteria for full-text 
review, of which we excluded five. Fourteen studies 
were the subject of this review.5,7–11,23,26,28,29,32,39,44,56

Study characteristics. The studies were conducted 
from 1970 to 2009. Most studies were conducted in 
North America (six, 42.8%) or Europe (five, 35.7%), 
with only two (14.3%) conducted in Asia and one 
(7.1%) conducted in Australia. Diagnoses of MS were 
established by several methods including administra-
tive data either with or without formal validation of 
the case definition for MS (nine, 64.3%), self-report 
(two by questionnaire or interview, 14.3%), and diag-
noses in an electronic health record (one, 7.1%) or 
clinical database (one, 7.1%). Ischemic heart disease 
was ascertained by administrative data codes (nine, 
64.3%), self-report (three, 21.4%), and review of 
medical records, electronic charts or a clinical data-
base (three, 21.4%). With one exception, studies that 
used administrative data did not report the validity of 
the case definitions used for ischemic heart disease.56 
Quality scores ranged from three of seven to eight of 
eight overall and from four of eight to eight of eight 
among population-based studies (Supplemental Table 
2, associated manuscript12).

Incidence. Three studies, two from Europe and one 
from North America, reported the incidence of isch-
emic heart disease.5,28,56 The two European studies 
reported that the incidence of myocardial infarction in 
incident MS cohorts ranged from to 2.36% to 2.75% 
(Supplemental Table 15).5,28 The North American 
study reported the incidence of ischemic heart dis-
ease, not restricted solely to myocardial infarction, 
but also in an incident MS cohort.56

Prevalence. Ten studies reported the prevalence of 
ischemic heart disease, while one reported the preva-
lence of cardiovascular disease, without distinguish-
ing ischemic heart disease specifically (Supplemental 
Table 16).7–11,23,26,29,32,39,44,56 The crude prevalence of 
ischemic heart disease ranged from 0.78% to 22.2%. 
The crude prevalence of myocardial infarction was 
1.43% in a contemporary American cohort.7 In a tem-
porally more remote Swedish cohort the prevalence 
of myocardial infarction was as high as 12.7% in 
older males.32 The prevalence of ischemic heart dis-
ease was lower in incident MS cohorts than prevalent 
MS cohorts.

Among three population-based studies that aimed to 
estimate prevalence of ischemic heart disease,8,39,56 
heterogeneity was high (I2 = 97.6%). The summary 
estimate of prevalence was 2.50% (95% CI: 0–5.77%) 
(Figure 4).

Comparisons. All of the studies that reported the 
incidence of ischemic heart disease also compared 
findings to matched populations (Supplemental Table 
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17);5,28,56 all found elevated incidence rate ratios in 
their incident MS populations.

Congestive heart failure (CHF)
Search. After duplicates were removed the search 
identified 421 abstracts (Supplemental Figure 7). 
After abstract screening and hand searching of refer-
ence lists, 10 articles met the criteria for full-text 
review, of which we excluded six, leaving four.5,8,11,28

Study characteristics. The time periods covered by 
the studies ranged from 1977 to 2009. Half of the 
studies were conducted in Europe, both in Scandina-
vian countries,5,28 while the others were conducted in 
North America11 and Asia.8 All of the studies used 
administrative data.

Quality scores ranged from four of eight to seven of 
eight (all population-based studies) (Supplemental 
Table 18). Limitations of the studies included failure 
to report validity of the administrative case defini-
tions used to identify the MS population or CHF, 
focus on hospital data rather than hospital and outpa-
tient data, and failure to age-standardize findings. 
Christiansen et al. reported that the positive predictive 
value of MS in their source database was 94%.5 The 
other studies did not report on the validity of their 
case definitions for MS, and none validated their 
administrative case definitions for CHF against a ref-
erence standard.

Incidence. Two European studies reported the inci-
dence of CHF in incident MS cohorts, with findings 
ranging from 0.89% to 2.86% (Supplemental Table 
19).5,28 Heterogeneity of the findings was high (I2 = 
99.2%). The summary estimate of incidence was 
1.87% (95% CI: 0%–3.80%).

Prevalence. Two studies, one population-based, 
reported the prevalence of CHF, with findings ranging 
from 1.8% to 5.39% (Supplemental Table 20).8,11 The 
prevalence of CHF was higher in the American study 
in which all members of the MS population were hos-
pitalized, and aged 65 years and older.11

Comparisons. All of the studies compared the inci-
dence or prevalence of CHF in the MS population to 
a comparison population (Supplemental Table 21). 
The Danish study found a nearly two-fold increased 
incidence of CHF in the incident MS population ver-
sus an age- and sex-matched cohort from the general 
population in the first year after MS diagnosis,5 but 
not over a 30-year follow-up period. The Swedish 
study also found a nearly two-fold increased risk of 
CHF in the MS population as compared to an age- and 
sex-matched cohort from the general population.28 
The Taiwanese study comparing the prevalence of 
CHF in a prevalent MS population as compared to 
matched controls similarly found a two-fold increased 
risk of CHF in the MS population.8 However, the 
North American study, which was restricted to hospi-
talized patients with prevalent MS over age 65 years, 

Figure 4. Forest plot of the prevalence of ischemic heart disease in multiple sclerosis in population-based studies.
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drew the opposite conclusion, possibly because of dif-
ferences in study population and design.11

Cerebrovascular disease
Search. The search identified 515 abstracts for rele-
vance review (Supplemental Figure 8). After abstract 
screening and hand searching of reference lists, 11 
articles met the criteria for full-text review, of which 
we excluded one. Ten studies were the subject of this 
review.5,7–11,22,28,39,57

Study characteristics. The studies were conducted 
from 1977 to 2010. Four (40%) of the studies were 
conducted in Europe, while the others were conducted 
in North America (four, 40%) and Asia (one, 10%) 
and Australia (one, 10%). Eight of these studies used 
administrative data and identified the MS population 
and outcomes of interest using ICD codes. One study 
cited a high predictive value for MS diagnoses based 
on hospital administrative data;5 validity of the 
administrative codes used was generally not reported. 
Three studies were population based. Limitations of 
the studies included failure to report validity of the 
administrative case definitions used to identify the 
MS population or stroke, and failure to age-standard-
ize findings. The remaining studies used self-report to 
identify comorbid cerebrovascular disease. Quality 
scores ranged from two of nine to six of eight overall, 
and from four of eight to six of eight among popula-
tion-based studies.

Incidence. Two Scandinavian (Denmark, Sweden) 
studies using administrative data reported the inci-
dence of stroke, both in hospitalized, incident MS 
populations (Supplemental Table 22).5,28 The duration 
of follow-up and case definitions for stroke differed 
slightly between studies, but the findings were simi-
lar. The incidence of any stroke was 2.85% in Den-
mark,5 and 2.53% in Sweden.28 The reported incidence 
of ischemic stroke in Denmark was 1.22%. Heteroge-
neity of these studies was moderate (I2 = 47.4). The 
summary estimate for the incidence of any stroke was 
2.73% (95% CI: 2.51%–2.95%) (Figure 5).

Prevalence. Eight studies reported the prevalence of 
cerebrovascular disease, with one of the studies being 
restricted to men with MS (Supplemental Table 22).7–

11,22,39,57 The definition of stroke varied, in some cases 
simply being any type of stroke, and in others divided 
into ischemic and hemorrhagic stroke. The prevalence 
of any stroke varied from 0.4% to 7.0%, while the 
prevalence of ischemic stroke varied from 1.2% to 
1.4%. Only one study presented sex-specific data for 
both sexes, and observed a higher prevalence of stroke 

in women.57 The two population-based studies aimed 
to estimate prevalence of stroke, with findings rang-
ing from 0.4% to 6.2%.8,39 The prevalence of stroke 
was higher in the Taiwanese study, which consisted 
largely of ethnic Chinese, than in the Dutch study 
with a predominantly Caucasian population. Hetero-
geneity of the estimates was substantial (I2 = 97.4). 
The summary estimate was 3.28% (95% CI: 0%–
8.98%) (Supplemental Figure 9).

Comparisons. Seven studies compared the incidence 
(two) or prevalence (five) of stroke in the MS and a 
comparator population (Supplemental Table 23). In 
both studies the incidence of any stroke and ischemic 
stroke was greater in the MS population than in 
matched populations.5,28 The prevalence of any stroke 
and ischemic stroke was higher in the MS population 
than in the comparator populations in four studies,7–10 
but lower in the fifth study.11 The prevalence of hem-
orrhagic stroke did not differ between the hospitalized 
MS population and matched controls in the single 
study that evaluated this question.7

Peripheral vascular disease
Search. The search identified 30 abstracts for rele-
vance review (Supplemental Figure 10). After abstract 
screening and hand searching, three articles met the 
criteria for full-text review, all of which were included 
(Supplementary Table 24).8,35,40 

Study characteristics. The studies were conducted 
from 2000 to 2007, two (66.6%) in North American 
and one (33.3%) in Asia. The methods used in the 
studies differed substantially, variously using admin-
istrative data without validation of the diagnostic 
codes or algorithm used, self-report using a validated 
questionnaire, and medical records review to estab-
lish the MS study populations and determine the prev-
alence of administrative data. Study quality was 
variable with quality scores ranging from four of eight 
to six of eight (same variability among population-
based studies). Limitations of some of the studies 
included not being population based, failure to report 
validity of the approaches used to identify the MS 
population or peripheral vascular disease, and failure 
to age-standardize findings.

Incidence. None of the studies reported the incidence 
of peripheral vascular disease.

Prevalence. In all three of the studies the prevalence 
of peripheral vascular disease was low, ranging from 
1.0% to 3.8% (Supplemental Table 24).8,35,40 The 
prevalence of peripheral vascular disease at MS 
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diagnosis was even lower (0.41%) in the only study 
that evaluated this question.50 Heterogeneity among 
the two population-based estimates was high (I2 = 
88.2%). The summary estimate for these studies was 
2.40% (95% CI: 0%–5.14%).

Comparisons. Two of the studies compared the prev-
alence of peripheral vascular disease in the MS and 
general populations (Supplemental Table 25).8,58 The 
population-based Taiwanese study observed that the 
prevalence of peripheral vascular disease was six-fold 
higher in the MS population than in matched con-
trols.8 The study using the NARCOMS volunteer 
population compared the findings to those obtained 
from the National Health and Nutrition Examination 
Survey (NHANES) population.58 No clear conclu-
sions could be drawn because of differences in the 
way the findings were reported with respect to age.

Discussion
Worldwide, the burden associated with cardiovascular 
disease and cerebrovascular disease is considerable, 
but incidence, prevalence, and associated mortality 
rates vary substantially by region.59–61 We identified 
relatively few population-based studies that evaluated 
the epidemiology of comorbid vascular disease in MS. 
Based on these studies the prevalence of ischemic heart 
disease and stroke was less than 5%; however, the 

prevalence of these conditions increased with age. 
Given the paucity of studies in regions other than North 
America and Europe (largely Scandinavia), variations 
in study design, and lack of standardization of the esti-
mates to account for differences in the age and sex 
structure of the underlying populations, we could not 
evaluate geographic variation in the incidence or prev-
alence of these comorbidities in the MS population. 
This is an important issue that can be addressed only by 
conducting similarly designed studies concurrently in 
multiple regions. To further minimize heterogeneity 
due to methodologic issues, any such studies using 
administrative data should also address how well 
comorbidities are coded in different jurisdictions as 
under-reporting may occur,62 potentially differentially.

Based on this systematic review, hypertension, hyper-
lipidemia, and diabetes are reasonably common in the 
MS population. The prevalence is higher in prevalent 
MS populations than in incident MS populations, 
increases with age, and is higher among men than 
women. Because of the age-associated increases in 
disease prevalence, we can expect that these condi-
tions are more common in individuals with longer 
disease duration, and may be a particular concern as 
very few studies explicitly aimed to evaluate the inci-
dence of these conditions, and age- and sex-specific 
estimates were limited. This particularly limits the 
ability to assess the impact of shorter survival in the 

Figure 5. Forest plot of the incidence of stroke in multiple sclerosis in population-based studies.
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MS population on assessment of the incidence and 
prevalence of conditions that are most prevalent at 
older ages, such as these ones. These conditions are 
sufficiently frequent, and associated with enough 
morbidity in the MS and general population,2,3 to war-
rant specific efforts at prevention.

Although the findings regarding the incidence and 
prevalence of cardiovascular and cerebrovascular dis-
ease were variable, most well-designed studies sug-
gested an increased risk of ischemic heart disease, 
CHF, ischemic stroke, and peripheral vascular disease 
in the MS population as compared to the general popu-
lation. This may reflect several factors. First, individu-
als with MS have a higher prevalence of smoking, 
overweight, and obesity than the general population. 
Second, they have relatively low levels of physical 
activity, even early in the disease course when disabil-
ity is mild. These lower levels of physical activity are 
associated with subclinical atherosclerosis.63 The stud-
ies we reviewed suggest that diabetes, hypertension, 
and hyperlipidemia are reasonably prevalent, with a 
particularly high burden in some populations, although 
not increased as compared to the general popula-
tion.10,34 Finally, in other immune-mediated conditions 
such as rheumatoid arthritis and psoriasis,64,65 the risk 
of vascular disease is not fully explained by these tra-
ditional risk factors, suggesting that inflammatory  
processes related to the conditions themselves inde-
pendently increase the risk of disease.

The prevalence of cardiac arrhythmias and valvular 
disease, which have been the subject of very limited 
work, were less than 5%. Unexpectedly, the preva-
lence of valvular disease was lower than expected 
when compared to age- and sex-matched populations. 
Risk factors for acquired valvular heart disease 
include increasing age, hypertension and hyperlipi-
demia, smoking, overweight or obesity, physical inac-
tivity, rheumatic fever, as well as risk factors for 
endocarditis.66 With the exception of risk factors for 
endocarditis, mainly intravenous drug use, which has 
been little studied in MS, these other risk factors 
appear to affect the MS population with equal or 
greater frequency to the general population. Therefore 
differences in the prevalence of valvular disease 
might reflect less adequate control of risk factors in 
the MS population, or differences in disease ascer-
tainment. This requires further evaluation.

Given prior work reporting an increased risk of death 
from cardiovascular disease,67 and adverse impacts 
on disability progression, an increased focus on these 
comorbidities in the MS population is required. 
Studies to establish the incidence and prevalence of 

these conditions in the MS population worldwide are 
needed. It is important to understand the clinical char-
acteristics of vascular comorbidities in the MS popu-
lation, the role of common risk factors. and the role of 
novel disease-modifying therapies in determining the 
risk of these conditions. Future research should also 
focus on understanding the influence of treatments 
used for these comorbidities on MS.68
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