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ABSTRACT

Background: Vascular comorbidity adversely influences health outcomes in several chronic condi-
tions. Vascular comorbidities are common in multiple sclerosis (MS), but their impact on disease se-
verity is unknown. Vascular comorbidities may contribute to the poorly understood heterogeneity in
MS disease severity. Treatment of vascular comorbidities may represent an avenue for treating MS.

Methods: A total of 8,983 patients with MS enrolled in the North American Research Committee
on Multiple Sclerosis Registry participated in this cohort study. Time from symptom onset or
diagnosis until ambulatory disability was compared for patients with or without vascular comor-
bidities to determine their impact on MS severity. Multivariable proportional hazards models were
adjusted for sex, race, age at symptom onset, year of symptom onset, socioeconomic status, and
region of residence.

Results: Participants reporting one or more vascular comorbidities at diagnosis had an increased
risk of ambulatory disability, and risk increased with the number of vascular conditions reported
(hazard ratio [HR]/condition for early gait disability 1.51; 95% confidence interval [CI] 1.41–
1.61). Vascular comorbidity at any time during the disease course also increased the risk of ambula-
tory disability (adjusted HR for unilateral walking assistance 1.54; 95% CI 1.44 –1.65). The
median time between diagnosis and need for ambulatory assistance was 18.8 years in patients
without and 12.8 years in patients with vascular comorbidities.

Conclusions: Vascular comorbidity, whether present at symptom onset, diagnosis, or later in the
disease course, is associated with a substantially increased risk of disability progression in multi-
ple sclerosis. The impact of treating vascular comorbidities on disease progression deserves
investigation. Neurology® 2010;74:1041–1047

GLOSSARY
EDSS � Expanded Disability Status Scale; HR � hazard ratio; MS � multiple sclerosis; NARCOMS � North American Re-
search Committee on Multiple Sclerosis; PDDS � Patient Determined Disease Steps.

Multiple sclerosis (MS) is a disabling disease with considerable unexplained heterogeneity in
outcomes.1,2 Previous studies of prognostic factors in MS focused on demographic and disease-
related characteristics related exclusively to MS, but findings conflicted and ability to prognos-
ticate early in the disease course remains poor.1,2

Comorbidity may potentially explain heterogeneity in outcomes. Few studies examined
comorbidity and MS.3-6 Studies of autoimmune disease and MS did not identify any effect of
autoimmune disease on clinical features or outcomes of MS.3-5 Reports conflict regarding the
association between smoking and disability progression.6,7 Potential benefits of studying co-
morbidity in MS include improved prognostication; insights into the etiology and pathogene-
sis of MS; and the treatment of comorbidities as an avenue for improving outcomes.

Using the North American Research Committee on Multiple Sclerosis (NARCOMS) Registry,
we aimed to determine the association between vascular comorbidities and disability progression, as
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measured using Patient Determined Disease
Steps. We hypothesized that MS-affected indi-
viduals with vascular comorbidities would have
more ambulatory dysfunction after accounting
for disease duration, age at symptom onset, and
other confounding factors.

METHODS The methods of this study are detailed else-
where.8 Briefly, the NARCOMS Registry is a self-report registry
for patients with MS.9 Participants report disability status at en-
rollment and semiannually using Patient Determined Disease
Steps (PDDS), a validated self-report measure which correlates
well with the Expanded Disability Status Scale (EDSS).10 It is
scored ordinally from 0 to 8, where a score of 3 represents early
gait disability without needing an assistive device and approxi-
mates an EDSS score of 4.0 to 4.5, and scores of 4, 5, and 6
represent EDSS scores of 6 to 6.5.

In October 2006, we queried NARCOMS participants re-
garding physical and mental comorbidities, including the year of
diagnosis, and whether the condition was currently treated.11,12

Inclusion criteria were residence in the United States, age at
symptom onset between 16 and 60 years, and date of birth re-
ported at enrollment. After initial pilot testing, the comorbidity
questionnaire used in this study was tested among a convenience
sample of patients attending regularly scheduled visits at the
Mellen Center for Multiple Sclerosis Treatment and Research
(n � 65) and at the Health Sciences Centre Multiple Sclerosis
Clinic (n � 235). Trained abstractors blinded to the question-
naire responses reviewed the medical record to capture the pres-
ence and treatment status of comorbidities, where a condition
was defined as present based on physician-recorded diagnosis or
use of a disease-specific treatment. The reported frequency of
vascular conditions among these participants was 65 (21.7%) for
hypertension, 49 (16.3%) for hypercholesterolemia, 15 (5.0%)
for diabetes, 13 (4.3%) for heart disease, and 2 (0.67%) for
peripheral vascular disease. Agreement, as measured by a � statis-
tic (95% confidence interval), between the questionnaires and
medical records was substantial13 for hypertension (� � 0.83;
0.76–0.91), hypercholesterolemia (� � 0.79; 0.69–0.88), and
diabetes (� � 0.86; 0.72–0.99), and moderate for heart disease
(� � 0.48; 0.23–0.73). Agreement could not be estimated for
peripheral vascular disease because of the small number of partic-
ipants affected. Agreement regarding the presence of any of these
conditions was substantial (� � 0.83; 0.76–0.90).

For analysis, we created a category for vascular comorbidity,
including diabetes, hypertension, heart disease, hypercholesterol-
emia, and peripheral vascular disease. The first major analysis
addressed the question faced by the clinician with a newly diag-
nosed patient with MS: “Does vascular comorbidity at diagnosis
influence the risk of disability progression?” For this analysis,
zero time was set as the time of MS diagnosis. The second analy-
sis was more general: “Does the presence of vascular comorbidity
at any point in the disease course influence the risk of disability
progression?” To capture the entire disease course, zero time was
set as the time of initial symptom onset.

To determine whether vascular comorbidity at diagnosis in-
fluences subsequent disability progression, we compared partici-
pants who reported one or more vascular comorbidities at
diagnosis to those who never developed a vascular comorbidity.
The outcomes of interest were time from diagnosis to early gait
disability (approximately EDSS 4), unilateral assistance to walk
(approximately EDSS 6), and bilateral assistance to walk (ap-

proximately EDSS 6.5); throughout the text, the term ambula-
tory disability is used to refer to all 3 outcomes of interest. We
used the Kaplan-Meier method and log-rank tests for univariate
analysis of the association of vascular comorbidity and ambula-
tory disability. For multivariable analysis, we constructed Cox
proportional hazards models.

We also investigated whether vascular comorbidity develop-
ing at any point in the disease course affects the time between
symptom onset and the same disability outcomes. For these anal-
yses, zero time was initial symptom onset. For univariate analysis
of the association of vascular comorbidity and ambulatory dis-
ability, we used the Kaplan-Meier method and log-rank tests.
For multivariable analysis we constructed Cox proportional haz-
ards models. To account for the onset of comorbidity after dis-
ease onset, comorbidity categories were included in the Cox
models as time-dependent covariates, where the first occurrence
of any comorbidity in the category defined onset of exposure to
that category.

For all models, we considered the following potential con-
founders: age; sex; race; education; annual household income;
health insurance status; marital status; region of residence in the
United States; year of symptom onset; age at symptom onset;
and treatment status. Potential effect modifiers considered were
age, sex, and race. Race was included as indicator variables for
white (reference group), African American, and other. Education
was included as indicator variables for �12 years (reference
group), high school diploma, Associate’s Degree or Technical
Degree, Bachelor’s Degree, and postgraduate degree. Annual
household income was included as indicator variables for �$15,000
(reference group), $15,000–$30,000, $30,000–$50,000, $50,000–
$100,000, and �$100,000. Insurance status was included as in-
dicator variables for private, public (reference group), and none.
Region of residence was included as indicator variables for West
(reference group), Midwest, South, and East as defined by the
US Census bureau. Marital status was dichotomized as married/
cohabiting vs single/divorced/widowed/living alone (reference
group). Age at symptom onset was categorized as �25, 25 to 39,
�40 years and represented by indicator variables. Year of symp-
tom onset was categorized as �1986, 1986–1995, �1996. Ever
treatment with any of the approved disease-modifying therapies
(IFN�-1a [Avonex], IFN�-1b [Betaseron], IFN�-1a [Rebif],
glatiramer acetate [Copaxone], or natalizumab [Tysabri]) was
dichotomized as yes or no. Ever treatment with immunosuppres-
sive therapies was dichotomized as yes or no.

The proportional hazards assumption was tested using time-
dependent covariates and graphical methods.14 We report unad-
justed and adjusted hazard ratios and 95% confidence intervals
as measures of association between comorbidity and disability
progression. Statistical analyses were performed used SAS V9.1
(SAS Institute Inc., Cary, NC).

Standard protocol approvals, registrations, and patient
consents. The NARCOMS Registry is approved by the West-
ern Institutional Review Board. Participants give permission for
their information to be used for research purposes.

RESULTS As reported previously,8 8,983 eligible
participants completed questionnaires. We initially
reported a response rate of 55.5%,8 but recent link-
age to the National Death Index determined that
104 nonresponders had died in 2006, revising the
response rate to 56%. Most respondents were
women (75.8%) and white (94.3%), with mean
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(SD) age 52.7 (10.4) years. The mean (SD) ages at
symptom onset (31.2 [9.0]) and diagnosis (38.2
[9.5]) are similar to those reported for the general
MS population.15,16 At enrollment into the registry,
3,177 (38.5%) participants were mildly disabled,
1,415 (17.2%) were moderately disabled, and 3,656
(44.3%) were severely disabled. In October 2006,
3,178 (35.4%) participants reported mild, 1,067
(11.9%) reported moderate, and 4,738 (52.7%) re-
ported severe disability. More than 50% of partici-
pants (4745) had a vascular comorbidity, including
3,237 (37.0%) with hypercholesterolemia, 2,664
(30.1%) with hypertension, 606 (6.9%) with heart
disease, 532 (6.1%) with diabetes, and 209 (2.4%)
with peripheral vascular disease. Nearly 16% of par-
ticipants (1,435) had 2 vascular comorbidities, while
397 (4.4%) had 3, and 89 (0.99%) had 4 or more.
The mean (SD) ages at diagnosis for these comor-
bidities were 47.3 (11.8) years for hypertension, 48.7

(10.3) years for hypercholesterolemia, 48.8 (12.4)
years for diabetes, 50.4 (13.7) years for heart disease,
and 51.7 (14.1) years for peripheral vascular disease.

Comorbidity at diagnosis and disability progression.

Using Kaplan-Meier analysis, participants reporting
1 or more vascular comorbidities at diagnosis had a
decreased time from diagnosis to ambulatory disabil-
ity compared to those without vascular comorbidity
(p � 0.0001, figure). After adjusting for sex, year of
symptom onset, age at symptom onset, income,
health insurance status, race, and region of residence,
participants reporting one or more vascular comor-
bidities at diagnosis had a more than 1.5-fold in-
creased risk of ambulatory disability (table 1). Using
the number of vascular comorbidities at diagnosis as
a linear term in the adjusted models, we observed a
dose-response relationship. The risk of early gait dis-
ability increased 50% (hazard ratio [HR] 1.51; 1.41–

Figure Kaplan-Meier analysis

Time from diagnosis of multiple sclerosis to needing unilateral assistance to walk in North American Research Committee
on Multiple Sclerosis participants with (n � 572) and without (n � 2,286) vascular comorbidity at diagnosis. Any vascular
comorbidity � any of diabetes, hypertension, heart disease, hypercholesterolemia, and peripheral vascular disease.

Table 1 Association of one or more vascular comorbidities (diabetes, hypertension, heart disease,
peripheral vascular disease, hypercholesterolemia) at diagnosis and ambulatory disability:
Adjusted hazard ratios and 95% confidence intervals from Cox proportional hazards model
(Analysis 1: Does vascular comorbidity at diagnosis influence the risk of disability progression?)

Endpoint

Entire cohorta (n � 4,424) Inception cohorta,b (n � 1,329)

% With
endpoint HR 95% CI

% With
endpoint HR 95% CI

Early gait disability 59.3 1.70 1.54–1.87 42.0 1.23 1.04–1.48

Unilateral assistance to walk 47.1 1.68 1.51–1.87 27.1 1.28 0.95–1.48

Bilateral assistance to walk 30.6 1.48 1.26–1.74 10.2 1.51c 0.98–2.33

Abbreviations: CI � confidence interval; HR � hazard ratio.
aAdjusted for sex, year of symptom onset, age at symptom onset, income, health insurance status, race, and region of
residence.
bAdjusted for disability at diagnosis.
cMore than 90% of observations censored in this model.

Neurology 74 March 30, 2010 1043



1.61) per comorbidity. Thus, a single vascular
comorbidity at diagnosis was associated with a 51%
increased risk of early gait disability, while 2 were
associated with a 228% increased risk.

Because relative hazards are difficult to interpret
clinically, we constructed univariate parametric mod-
els that predicted the median time from diagnosis to
ambulatory disability in affected and unaffected par-
ticipants using a Weibull distribution (table 2).
Compared to unaffected participants, those with one
or more vascular comorbidities at diagnosis required
unilateral assistance to walk a median time of 6 years
earlier.

Zero time for analyses of disability progression
was time of diagnosis; thus the observed association
of comorbidity and ambulatory disability might re-
flect increased disability at diagnosis, rather than ef-
fects of comorbidity on disability progression after
diagnosis. To account for that possibility, we ana-
lyzed a virtual inception cohort (n � 2,375), which
was defined as participants who enrolled in the
NARCOMS Registry within 2 years of diagnosis,
and further adjusted for the severity of disability at
diagnosis. The presence of one or more vascular co-
morbidities remained associated with an increased
risk of ambulatory disability (table 1).

Comorbidity at any point in the disease course and
disability progression. After adjusting for sex, year of
symptom onset, age at symptom onset, income,
health insurance status, race, and region of residence,
participants reporting one or more vascular comor-
bidities at any point in their disease course had an
increased risk of ambulatory disability as compared
to participants who never developed a vascular co-
morbidity. The risk was similar for early gait disabil-
ity (HR 1.58; 1.48–1.68), unilateral assistance to
walk (HR 1.54; 1.44–1.65), and bilateral assistance
to walk (HR 1.38; 1.25–1.52).

All vascular comorbidities may not have the same
effect on disability progression; therefore we in-
cluded individual vascular comorbidities in one ad-
justed model. Consistently, diabetes, hypertension,
hypercholesterolemia, and peripheral vascular disease

were independently associated with an increased risk
of ambulatory disability regardless of the specific
endpoint chosen (table 3).

We conducted sensitivity analyses, in which we
restricted analyses to 1) persons with a relapsing
course at onset; 2) persons with an age at symptom
onset greater than 16 and less than 50 years; and 3)
persons with at most mild disability at the time of
enrollment in the NARCOMS Registry. The find-
ings were unchanged (data not shown).

DISCUSSION Few prior studies evaluated the influ-
ence of comorbidity on disability progression in MS.
One population-based study reported no association
between autoimmune disease and disability progres-
sion, but asthma was associated with a shorter time
to an EDSS score of 3.3 Studies of smoking and dis-
ability in MS are conflicting.6,7 A more recent study
suggested that patients recently diagnosed with MS
who had musculoskeletal comorbidities experienced
greater declines in physical function over 3 years.17

Using a large patient population where race and
socioeconomic status are known, we examined the
influence of vascular comorbidity on disability pro-
gression in MS. Vascular comorbidities were fre-
quent but generally occurred at the rates expected for
the general population.18 The risk associated with
vascular comorbidities translated into a substantial
difference of 6 years in the time from diagnosis to
needing a unilateral assistive device for ambulation.
Vascular comorbidity occurring at any time in the
disease course was also associated with an increased
risk of disability progression; the risk increased by
more than 200% in participants with 2 comorbidi-
ties. By comparison, pivotal trials of disease-
modifying therapies in MS showed effects ranging
from none to 42% reduction in the probability of
disability progression.19,20 Depending on the agent
and study population, the effects of disease-
modifying drugs translate into average delays in dis-
ability progression of less than 12 months over the
course of a 2- to 3-year study, and the benefits on
disability progression are less pronounced later in
disease.21,22 This suggests that comorbidity has a sub-
stantial, important effect on outcome, possibly
greater than the effect (in the opposite direction) of
disease-modifying drugs used for MS. Furthermore,
some vascular conditions are modifiable, raising the
possibility that more aggressive treatment of comor-
bidities could improve outcomes in MS. This is a
completely unexplored question, but results here
suggest a rationale for aggressive management of vas-
cular risk factors in patients with MS, and for studies
to determine its effect on MS severity.

Table 2 Unadjusted median (95% confidence interval) time from diagnosis to
ambulatory disability in North American Research Committee on
Multiple Sclerosis participants unaffected and affected by one or
more vascular comorbidities at diagnosis based on Weibull models
(n � 4,424) (Analysis 1: Does vascular comorbidity at diagnosis
influence the risk of disability progression?)

Disability endpoint Unaffected Affected Difference, y

Early gait disability 16.1 (15.8–16.5) 11.0 (10.5–11.4) 5.1

Unilateral assistance to walk 18.8 (18.4–19.3) 12.8 (12.3–13.4) 6.0

Bilateral assistance to walk 23.2 (22.6–23.8) 17.3 (16.3–18.2) 5.9
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Our findings are consistent with the effects of co-
morbidity in other chronic diseases. Where studied, co-
morbidity adversely affects disability, functional status,
mortality, and quality of life in conditions ranging from
rheumatoid arthritis to cancer.23,24 Studies also suggest
adverse effects of comorbidity on CNS disease. Comor-
bid diabetes, congestive heart failure, and vision impair-
ment are associated with increased mortality in
Parkinson disease.25 A growing literature suggests that
vascular comorbidities and stroke accelerate the progres-
sion of Alzheimer disease.26,27

Vascular comorbidities are common in MS and
are independently treatable. Several independent ob-
servations suggest that vascular comorbidity might
adversely affect MS. First, even absent overt cerebro-
vascular disease, hypertension, hypercholesterolemia,
and diabetes are associated with increased cognitive
decline and brain atrophy.28-30 Second, vascular dis-
ease is associated with increased peripheral inflam-
mation, and elevated inflammatory markers are
associated with increased brain atrophy.31 Third, dia-
betes may increase susceptibility to oxidative stress;
alter blood vessel structure and function; and in-
crease inflammatory responses in the brain.32 Finally,
abnormalities of cerebral endothelial cells are re-
ported in MS.33 These proposed possible mecha-
nisms assume that vascular disease influences MS at
the pathophysiologic level. Alternatively, vascular
disease may have independent effects on disability,
which are additive to the effects of MS. For example,
diabetic neuropathy could lead to gait impairment,
with the combined effects of diabetes and MS lead-
ing to greater disability than either alone. Further
study is needed to understand the mechanism by
which vascular disease influences MS outcomes, and
whether intervention directed at vascular disease in-
fluences MS disability progression.

This study had limitations. The response rate was
56%, but this compares favorably to the average re-
sponse rate in published mail surveys of 60%.34 The
NARCOMS Registry is a volunteer registry, but we
reported previously that the NARCOMS population
has similar characteristics to those reported for pa-
tients with MS from the National Health Interview
Survey.15 Comorbidity data were self-reported in-
cluding the dates of diagnosis, but the literature sup-
ports the accuracy of self-report for conditions which
are chronic, disabling, or require ongoing care,35 in-
cluding hypertension, diabetes, and heart disease.
Validation work on our comorbidity questionnaire
used in this study also supports the validity of the
conditions reported in this study. Self-report comor-
bidity indices compare well to indices based on med-
ical records or administrative data for the prediction
of mortality and health care utilization.11,36 Previous
work with this cohort suggests that participants accu-
rately report the dates of MS symptom onset and
diagnosis.37 The National Center for Health Statis-
tics investigated similar event dating issues in the re-
porting of cancer prevention examinations and tests
for women 50 and over, similar in age to a substantial
part of our population.38 Although limited to screen-
ing procedures provided within the last 5 years, they
found gross error to be within 3.5 months. Regard-
less, errors in self-report are likely to lead to nondif-
ferential misclassification of comorbidity status,
biasing our results away from finding an effect of
comorbidity. Finally, this study design did not per-
mit us to explore the reasons for our findings.

Despite its limitations, this study included a large
patient population with a broad range of sociodemo-
graphic characteristics, a spectrum of disease severity,
and captured patients followed in the community
and in academic centers. Previous work validated di-

Table 3 Cox proportional hazards model including multiple vascular comorbidities: Adjusteda hazard ratios and
95% confidence intervals for the independent association of specific vascular comorbidities at any
time in the disease course and time to ambulatory disability (Analysis 2: Does the presence of
vascular comorbidity at any point in the disease course influence the risk of disability progression?)

Vascular comorbidity

Early gait disability
(n � 7,342)

Unilateral assistance
(n � 7,342)

Bilateral assistance
(n � 5,439)

HR 95% CI HR 95% CI HR 95% CI

Diabetes 1.29 1.13–1.48 1.28 1.11–1.49 1.56 1.30–1.88

Heart disease 1.04 0.91–1.19 0.99 0.85–1.15 0.99 0.80–1.23

Hypertension 1.29 1.20–1.39 1.25 1.15–1.36 1.17 1.05–1.31

Hypercholesterolemia 1.35 1.26–1.45 1.33 1.23–1.44 1.24 1.11–1.39

Peripheral vascular disease 1.25 1.00–1.55 1.25 0.99–1.59 1.87 1.35–2.60

Abbreviations: CI � confidence interval; HR � hazard ratio.
aAdjusted for sex, year of symptom onset, age at symptom onset, income, health insurance status, race, and region of
residence.
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agnoses of MS in a sample of this study population,
and the clinical instruments used to determine out-
come.37,39 The median (interquartile range) time to
needing unilateral assistance to walk—18.9 (11.9–
27.4) years—is similar to that reported in a
population-based study in Ontario,40 further sup-
porting the validity of these results. Unlike other
studies of comorbidity and MS, we adjusted for so-
cioeconomic status, an important potential con-
founder. As demonstrated by sensitivity analyses, our
results were robust to changes in our assumptions.

This study showed that vascular comorbidity was
associated with greater disability progression in MS,
whether present at diagnosis or later in the disease
course; thus, the study suggests that vascular comor-
bidity explains some of the well-known heterogene-
ity in disease outcomes between individual patients.
The magnitude of impact was surprisingly high. In
addition to their clinical implications, the findings
raise important research directions, including the un-
derlying mechanisms by which vascular comorbidity
influences disability progression, whether treating
these comorbidities aggressively can reduce MS pro-
gression, the role of lifestyle management in MS, and
whether patients with comorbidities should be man-
aged differently than patients without comorbidities.
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