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Background and PurposezzWe assessed the prevalence and potential association of hyper-
tension with multiple sclerosis (MS)-related disability progression.
MethodszzThis was a retrospective study of 2,813 patients who were followed for 20 years. 
We modeled the associations of several risk factors with the pattern of disability progression. 
The primary end point was the rate of disability progression. 
ResultszzIn total, 2,396 patients were available for analysis, of which 1,074 (44.8%) scored 4 
(EDSS4) on the Expanded Disability Status Scale (EDSS), 717 (29.9%) scored 6 (EDSS6), and 
261 (10.9%) scored 8 (EDSS8). The mean times to reach scores of 4, 6, and 8 were 123.5, 
163.1, and 218.9 months, respectively. Hypertension was present in 207 (8.6%) patients dur-
ing follow-up. Hypertension was associated with a higher probability of reaching each EDSS 
score compared to non-hypertensive patients: 62% vs. 43% for EDSS4 (p<0.01), 51% vs. 28% 
for EDSS6 (p<0.01), and 17% vs. 10% for EDSS8 (p<0.01). Nevertheless, hypertensive MS pa-
tients experienced longer intervals to reach each EDSS score: longer by 51.6, 38.9, and 62.7 
months to EDSS4, EDSS6, and EDSS8, respectively (p<0.01) when compared to non-hyper-
tensive MS patients reaching the same EDSS scores.  
ConclusionszzDisability progression is more prevalent amongst hypertensive MS patients. 
However, they experience longer time intervals between the stages of disability progression. 
Key Wordszz�multiple sclerosis, hypertension, risk factor, epidemiology, disability,  

atherosclerosis.

Disability Progression in Multiple Sclerosis Is Affected  
by the Emergence of Comorbid Arterial Hypertension

INTRODUCTION

Multiple sclerosis (MS) is a chronic, frequently progressive, and disabling disease. Both 
physicians and patients need to be aware of the factors associated with disease occurrence 
and progression, since MS patients are frequently afflicted with this disease while they are 
still in the prime of their lives.1,2 

Previous retrospective studies have assessed a myriad of risk factors for MS-associated 
disability progression. The available literature reflects difficulties in establishing concrete 
risk factors for both disease occurrence and disability progression: for instance, some stud-
ies found advanced age at disease onset to be associated with a shorter time to disease pro-
gression3,4 while other studies did not find such an association.5,6 Obesity, mainly during 
early life, was shown to increase the risk of MS development7,8 but in other studies this as-
sociation was found to be dependent upon certain demographic parameters.9 Smoking was 
demonstrated to increase the risk of disease occurrence in some studies and to a lesser ex-
tent enhance disease progression.10-13 
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Some of the aforementioned conditions (e.g., smoking and 

obesity) are established risk factors for atherosclerosis, car-
diovascular, and cerebrovascular disease. Accordingly, it is 
plausible that they could also be risk factors for the increased 
occurrence and progression of neurological disability among 
MS patients.14 However, this assumption could be weakened 
by most MS patients having a relatively low risk of cardio-
vascular disease due to them being young females. Few stud-
ies have addressed this important issue. 

As for the potential association of arterial hypertension 
(HTN) with MS prevalence and associated disability pro-
gression, a recent review by Tettey et al.15 questioned wheth-
er vascular comorbidities influence MS clinical disability. 
Those authors suggested that having type-2 diabetes, HTN, 
dyslipidemia, or peripheral vascular disease at any point 
during the disease course could be associated with a greater 
progression in disability. Conflicting data exist regarding the 
prevalence of HTN in MS. While some authors argue that the 
prevalence is similar to that in the general population,16 oth-
ers claim that the prevalence is lower among MS patients.17 

In view of the conflicting data in the available literature, 
we decided to assess the prevalence and evaluate the poten-
tial association of several risk factors related to atheroscle-
rosis in a large cohort of MS patients. 

METHODS

Study cohort
The current study was approved by the Chaim Sheba Insti-
tutional Review Board committee. The study cohort includ-
ed MS patients followed in the Multiple Sclerosis Center, She-
ba Medical Center, Tel Hashomer, Israel for more than 20 
years. The diagnosis for each patient was made accordingly by 
expert neurologists working in the clinic. Background health 
data were based on patient interviews performed during their 
MS clinic visits: family history and smoking status were based 
on self-reports, while diagnoses of HTN and cardiovascular 
diseases were also confirmed according to patient records and 
chronic medications. 

Expanded Disability Status Scale
The Expanded Disability Status Scale (EDSS) was developed 
by John F. Kurtzke and is used to quantify disability in MS.18 
The EDSS quantifies disability in eight functional systems, 
with its score ranging between 0 (normal neurological ex-
amination findings) to 10 (death due to MS). For this study 
the progression of disability over time was used for patients 
reaching the following EDSS scores: 4 (EDSS4), which indi-
cates a disability that does not prevent normal activities; 6 
(EDSS6), indicating assistance needed for walking; and 8 

(EDSS8), indicating being bedridden but with preserved arm 
function.19

Statistical analysis
The primary analysis tested for associations of selected risk 
factors for atherosclerosis with MS-associated disability pro-
gression. We used a multiway analysis-of-variance model to 
assess the risk of disability progression to EDSS4, EDSS6, 
and EDSS8 according to the following variables: smoking 
status, family history of arterial HTN, family history of isch-
emic heart disease, family history of diabetes, and the pres-
ence of chronic arterial HTN in the patient. The family histo-
ry of some diseases was considered rather than the personal 
history due to the youngness of most MS patients when they 
present with this disease. All these risk factors were assimi-
lated into a multiway analysis model after being corrected 
according to the age at disease onset. Analysis was performed 
using SPSS software (version 20.0). A sub analysis was ap-
plied to the group of patients who had MS and reported 
HTN at any stage of follow-up. We assessed whether there 
was an association between the length of time since HTN 
was diagnosed and the length of intervals before reaching 
each of the different stages of disability quantified using the 
EDSS. 

RESULTS

Study cohort
The study cohort initially included 2,813 patients, of which 
404 were excluded due to an indefinite MS diagnosis and 13 
were excluded due to the disease onset occurring before the 
age of 18 years. This left 2,396 MS patients eligible for anal-
ysis: 1,771 (73.9%) of them had relapsing remitting MS, 118 
(4.9%) had primary progressive disease, 376 (15.7%) had 
secondary progressive disease, 113 (4.7%) were diagnosed 
as having clinically isolated syndrome, and 2 (<1%) had op-
tic neuritis. The subjects comprised 774 (32.3%) males and 
1,622 (67.7%) females; they were aged 46.5±13.5 years 
(mean±SD), with an age of 31.6±10.9 years at disease onset. 

Factors associated with disease progression
EDSS4, EDSS6, and EDSS8 were reached by 1,074 (44.8%), 
717 (29.9%), and 261 (10.9%) patients in our cohort after 
average disease durations of 123.5, 163.1, and 218.9 months, 
respectively. The frequencies of atherosclerosis risk factors 
among the complete eligible cohort are presented in Table 1. 
Arterial HTN was present in 207 (8.6%) patients, a positive 
family history of HTN was present in 411 (17.1%) patients, 
a positive family history of diabetes mellitus was present in 
472 (19.7%) patients, a positive family history of cardiac dis-
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ease was present in 328 (13.7%) patients, and a positive per-
sonal history of ischemic heart disease was present in 2 (<1%) 
patients. Information regarding smoking status was available 
for 2,376 (99.1%) patients of the eligible cohort: 525 (21.9%), 
1,296 (54.1%), and 555 (23.1%) were classified as “never 
smoked,” “past smokers,” and “current smokers,” respectively. 

Regression analysis showed that being older at disease 
onset was associated with more rapid disability progression, 
with each additional year of age at disease onset shortening 
the times to reach EDSS4, EDSS6, and EDSS8 by 3.36, 4.23, 
and 4.08 months, respectively (p<0.01) (Fig. 1). 

Among patients with a personal history of arterial HTN 
that was reported or diagnosed at any time point during fol-
low-up, the risk of progression to each EDSS score was high-
er relative to non-hypertensive patients (Table 2): 62.3% vs. 
43.2% to reach EDSS4 (p<0.01), 51.2% vs. 27.9% to reach 
EDSS6 (p<0.01), and 16.9% vs. 10.3% to reach EDSS8 (p< 
0.01).

Table 3 presents the associations of different risk factors 
for atherosclerosis with the rate of progression to the differ-
ent EDSS scores after correction for the age at disease onset. 
The presence of comorbid arterial HTN at any time during 
follow-up prolonged the times to reach EDSS4, EDSS6, and 
EDSS8 by 51.6, 38.9, and 62.7 months, respectively (all p< 
0.01). A family history of heart disease prolonged the times 

to reach EDSS4, EDSS6, and EDSS8 by 29.7, 24.1, and 48.1 
months, respectively (p<0.01, p<0.02, and p<0.05). Current 
smoking was associated with shortened times to reach EDSS4 
and EDSS8 (7.6 and 65.1 months earlier, respectively, vs. 
never smoked; p<0.05 and p<0.01). Smoking status was not 
found to be associated with a shorter time to reach EDSS6. 
A family history of diabetes and a family history of arterial 
HTN were not associated with significant changes in the time 
to reach each of the EDSS scores assessed in this study. 

DISCUSSION

This study evaluated the association between several risk 
factors for atherosclerosis and the progression of MS-asso-
ciated disability as measured by the EDSS score. In our co-
hort, being older at disease onset was associated with in-
creased risk of disability progression in MS. This association, 
which has also been reported previously,20-22 could be ex-
plained by neurological disability arising from both MS-re-
lated neurological damage and also atherosclerosis- and ar-
teriolosclerosis-associated damage. 

Since being older was unequivocally shown to be associ-
ated with a worse prognosis, given the potential association 
with other risk factors for MS disability progression, we ap-
plied statistical correction for age at disease onset (a poten-

Table 1. Baseline patient characteristics

Co-morbidity
EDSS4 (n=1,074) EDSS6 (n=717) EDSS8 (n=261)

Frequency
Mean duration 

(months)
Frequency

Mean duration 
(months)

Frequency
Mean duration 

(months)
Arterial HTN

Yes (n=207) 129 (12%) 140.1 106 (14.7%) 162.4 35 (13.4%) 237.1

No (n=2,189) 945 (88%) 121.2 611 (85.3%) 163.2 226 (86.6%) 216.1

Family history of HTN

Yes (n=411) 189 (17.6%) 125.6 108 (15.1%) 148.3 32 (12.2%) 186.3

No (n=1,985) 885 (82.4%) 123.1 609 (84.9%) 165.7 229 (87.8%) 235.5

Family history of diabetes

Yes (n=472) 215 (20.0%) 123.0 139 (19.4%) 163.4 44 (16.9%) 236.4

No (n=1,924) 859 (80.0%) 123.6 578 (80.6%) 163.0 217 (83.1%) 215.4

Family history of cardiac disease

Yes (n=328) 172 (84%) 140.3 110 (15.3%) 181.7 32 (12.2%) 272.9

No (n=2,068) 902 (16%) 120.3 607 (84.7%) 159.7 229 (87.8%) 211.4

Smoking status

Never (n=525) 211 (19.8%) 128.2 137 (19.3%) 170.2 50 (19.5%) 238.0

Past (n=1,296) 590 (55.2%) 125.2 423 (59.5%) 163.2 162 (63.3%) 225.0

Current (n=555) 267 (25.0%) 116.9 151 (21.2%) 157.9 44 (17.2%) 182.4

Personal history of ischemic heart disease

Yes (n=2) 1 64 1 75 0 0

No (n=2,394) 1,073 123.6 716 163.2 261 218.9

EDSS: Expanded Disability Status Scale, HTN: hypertension.
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tial confounder) to avoid statistical bias. The risk factor for 
atherosclerosis that was found to be most significantly relat-
ed to the disease-associated neurological disability progres-
sion was comorbid arterial HTN. The prevalence of arterial 
HTN amongst MS patients in our cohort was relatively low 
(8.6%), as anticipated for this population of relatively young 
patients (7.7–9.2%).23 Nevertheless, in the small population 

that does suffer from this comorbidity, we found it to be as-
sociated with an increased risk of reaching higher levels of 
disability. This finding, which applied to each EDSS score 
tested, is reasonable if atherosclerosis and arteriolosclerosis 
contribute to neurodegeneration. However, the association 
of HTN with the rate of disability progression was an unex-
pected finding that should be further questioned and inves-
tigated. It reflects a slower propagation of neurological deficits 
in hypertensive patients relative to normotensive MS patients 
that reached the same EDSS scores. There are several hypo-
thetical explanations for this finding. First, antihypertensive 
medications may have a neuroprotective role, partially pre-
venting some of the measured neurological damage. Second, 
hypertensive MS patients are (at least potentially) cared for 
and treated more often by their primary physicians, poten-
tially referring them earlier to medical attention relative to 

Table 2. Progression of patients to each EDSS score according to 
their personal history of arterial HTN 

Arterial HTN EDSS4 EDSS6 EDSS8
Yes (n=207) 62.3% 51.2% 16.9%

No (n=2,189) 43.2% 27.9% 10.3%

Probability* p<0.01 p<0.01 p<0.01

*Using the chi-square test.
EDSS: Expanded Disability Status Scale, HTN: hypertension.

Fig. 1. Regression analysis of disease progression to EDSS4 (A), EDSS6 (B), and EDSS8 (C) according to age at disease onset. EDSS: Expanded Disabil-
ity Status Scale.
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non-hypertensive MS patients. 
The literature lacks sound data on the established risk fac-

tors for MS occurrence and related disability progression. A 
recent meta-analysis assessing environmental factors asso-
ciated with MS found that there was strong consistent evi-
dence of associations with MS occurrence only for infectious 
mononucleosis and smoking.24 Marrie et al.25 concluded that 
despite the relatively high prevalence of vascular comorbidi-
ties in the MS population, there are major gaps in understand-
ing the epidemiology of such comorbidities in these patients. 
In other reviews, Wens et al.26 reached a similar conclusion, 
while Tettey et al.15 suggested that cardiovascular comorbidities 
affect the course of MS. One aim of the current study was to 
better characterize this possible association. Some of our results 
are similar to those of previous studies, while others could be 
considered as preliminary findings that necessitate further in-
vestigations. 

Our study was subject to several limitations. Its retrospec-
tive design meant that the causality of the associations could 
not be determined. Further studies are therefore needed to 
characterize the casual relationships. Also, prospective stud-
ies should test a potential association of certain antihyper-
tensive treatments with a slower rate of disability progres-
sion of MS patients. Other limitations relate to the quality of 
follow-up and the accuracy of data, which are shared by all 
retrospective studies on which a large volume of research re-
lies on. We did not include other risk factors for atherosclero-
sis such as diabetes and dyslipidemia in our study due to sta-
tistical constraints, but plan to examine them in future studies. 
In addition, we did not have information about the antihy-
pertensive medications taken by our patients during this 
long surveillance period, and so we were unable to determine 
any possible effect of such medications on the progression 
of MS.
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