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Comorbidity increases the risk of

hospitalizations in multiple sclerosis

ABSTRACT

Objective: We aimed to evaluate the association between comorbidity and rates of hospitalization
in the multiple sclerosis (MS) population as compared to a matched cohort from the general
population.

Methods: Using population-based administrative data from the Canadian province of Manitoba,
we identified 4,875 persons with MS and a matched general population cohort of 24,533 per-
sons. We identified all acute care hospitalizations in the period 2007-2011. Using general linear
models, we evaluated the association between comorbidity status and hospitalization rates
(all-cause, non-MS-related, MS-related) in the 2 populations, adjusting for age, sex, and socio-
economic status.

Results: Comorbidity was common in both cohorts. Over the 5-year study period, the MS popula-
tion had a 1.5-fold higher hospitalization rate (adjusted rate ratio [aRR] 1.56; 95% confidence
interval [Cl] 1.44-1.68) than the matched population. Any comorbidity was associated with a
2-fold increased risk of non-MS-related hospitalization rates (aRR 2.21; 95% Cl 1.73-2.82) in
the MS population, but a nearly 4-fold increase in hospitalization rates in the matched population
(aRR 3.85; 95% Cl 3.40-4.35). Comorbidity was not associated with rates of hospitalization for
MS-related reasons, regardless of how comorbidity status was defined.

Conclusions: In the MS population, comorbidity is associated with an increased risk of all-cause
hospitalizations, suggesting that the prevention and management of comorbidity may reduce
hospitalizations. Neurology® 2015;84:350-358

GLOSSARY

aRR = adjusted rate ratio; Cl = confidence interval; ICD-9 = International Classification of Diseases-9; MS = multiple
sclerosis; PHIN = personal health identification number; RR = rate ratio; SES = socioeconomic status.

Comorbidity is common in the multiple sclerosis (MS) population. Physical comorbidities, such
as hypertension, affect more than one-third of persons with MS." Psychiatric comorbidities,
such as depression, affect more than 50% of persons with MS over their lifetime.> Comorbidity
is associated with longer diagnostic delays and greater disability at diagnosis and lower quality of
life in MS.>*

The impact of comorbidity on health care utilization in MS is unknown, but is identified as a
key knowledge gap for clinicians and decision-makers.” Health care utilization is high in the MS
population,® with up to 25.8% of the MS population being hospitalized annually,” exceeding
the rate of hospitalizations in the general population.® The mean number of physician visits per
year is also higher in the MS population.” In other diseases, persons with multiple chronic health
conditions have higher rates of health care utilization than persons with a single condition."®

Hospitalizations constitute the largest component of resource use in Canada and other indus-
trialized countries,'' and costs of hospitalizations for MS are rising."” In other chronic diseases,
comorbidity is often undertreated,'’ potentially leading to increased hospitalizations. Therefore,
we aimed to evaluate the association between comorbidity and rates of hospitalization in the MS
population as compared to a matched cohort from the general population. We hypothesized that
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the presence of comorbidities increases the
rates of hospitalization for MS-related and
non-MS-related reasons.

METHODS Data source. We used administrative (health
claims) data from Manitoba, a Canadian province with a popula-
tion of approximately 1.2 million residents. Ninety-eight percent
of the population receives health care coverage through Manitoba
Health, thus records of health care utilization are available for
nearly all services for all Manitobans.'*> All health services
claims include a unique personal health identification number
(PHIN), which identifies the person to whom the service was
delivered. Hospital discharge abstracts include the PHIN,
admission and discharge dates, and up to 25 discharge
diagnoses listed using JCD-10-CA codes. Before 2004,
discharge diagnoses were recorded using 5-digit /CD-9 codes.
The first discharge diagnosis is considered the primary reason
for the hospitalization. Each physician claim includes the
PHIN, service date, and 3-digit /CD-9-CM code for one
physician-assigned diagnosis. The Drug Programs Information
Network is a pharmaceutical database that captures all
outpatient prescription drug dispensations. A population
registry includes the PHIN, sex, date of birth, region of
residence (postal code), dates of health coverage, and date of
death for all residents. To protect confidentiality data, linkage
was performed via scrambled PHIN, using anonymized versions

of these databases.

Standard protocol approvals, registrations, and patient
consents. The University of Manitoba Health Research Ethics
Board approved the study, and the Manitoba Health Information

Privacy Committee approved administrative data access.

Study populations. Identification of the study population and
outcomes is detailed in appendix e-1 on the Neurology® Web site
at Neurology.org. Briefly, we identified all Manitobans with MS
from 1984 through 2011 using a validated case definition.'
Specifically, we defined persons with =3 hospital, physician, or
prescription claims for MS or MS-specific medications as
having MS. To identify controls from the remaining members
of the general (not healthy) population, we excluded anyone
with =1 ICD-9-CM/ICD-10-CA diagnostic codes for any
demyelinating disease (see appendix e-1). This ensured that
individuals with one demyelinating event who might ultimately
meet the case definition for MS were not misclassified as
controls and allowed a distinct comparison between the MS
and general populations. We identified up to 5 controls for
each MS case, matched on sex, exact year of birth, and region
of residence (postal code). For each MS case, we assigned the
date of diagnosis (index date) as the date of the first claim for
demyelinating disease. The same date was assigned to their

matched controls.

Outcome. We focused on acute care hospitalizations because
these constitute the biggest component of health resource use
in industrialized countries.’*'” Using hospital claims, we identi-
fied inpatient hospitalizations after excluding admissions related
to pregnancy, respite, or long-term care because the factors
associated with those admissions may differ from the factors
associated with admissions for acute illness. To minimize
double-counting of hospitalizations related to transfers between
facilities for continued care, overnight hospitalizations beginning
within £1 day of another hospital discharge with the same
primary or secondary diagnosis codes were considered to be part

of the same hospitalization.'®

For the MS population, we classified hospitalizations as MS-
related, possibly MS-related, and not MS-related as described pre-
viously (appendix e-1)."”

Comorbidity. We selected comorbidities for study based on
our prior work indicating they were associated with other out-
comes in MS or affected at least 5% of the MS population,®>**
or were important causes of hospitalization in the general pop-
ulation,”' and could be accurately identified using administrative
case definitions.?**® The comorbidities included hypertension,
diabetes, hyperlipidemia, ischemic heart disease, chronic lung
disease, fibromyalgia, autoimmune thyroid disease, migraine,
depression, anxiety, and bipolar disorder. We applied validated
administrative case definitions based on hospital, physician, and
prescription claims for these comorbidities to the MS and

matched populations.?*~2¢

Analysis. To identify possible excess hospital utilization in the
MS population, we compared all-cause hospitalization rates
between the MS and matched populations without adjusting
for comorbidities using Poisson regression with generalized
estimating equations with an exchangeable correlation to account
for repeated hospitalizations by individuals. We included the log
of person-years as an offset in the models. We restricted these
analyses to the years 2007 through 2011 (the latest date
available) (1) because hospitalization rates were more stable in
both populations over this time period as compared to earlier
years, when there were dramatic and differential declines in
the rates'; (2) because of the difficulty in accurately
identifying some comorbidities, such as autoimmune thyroid
disease, before the availability of prescription claims®’; and (3)
to minimize the impact of temporal changes in the diagnosis
and management of MS and comorbidity.

We then repeated our regression analyses with adjustment for
comorbidity, using 3 outcomes: (1) all-cause hospitalizations in
the MS and matched populations; (2) non-MS-related hospital-
izations in the MS population to more closely match all-cause
hospitalizations in the matched population; and (3) MS-related
hospitalizations in the MS population. We used a staged
approach beginning with any comorbidity, followed by a count
of comorbidities, and then included individual comorbidities as
indicated above. Covariates included sex (female as reference
group); age at observation year categorized as <40 years (refer-
ence group), 40-60 years, and >060 years to ensure adequate cell
sizes; and socioeconomic status (SES) in quintiles. We established
SES by linking forward sortation area (first 3 digits of postal code)
to Canadian census data to obtain the median houschold income,
and then generated quintiles.”® We did not include a separate
variable for region because forward sortation area was already
being used to determine SES. Findings from the regression mod-
els are reported as adjusted rate ratios (aRRs) with 95% confi-
dence intervals (Cls). Additional analyses included (1) additional
adjustment for the annual number of physician visits; (2) re-
stricting MS-related admissions to those identified solely by the
primary discharge diagnosis; and (3) including admissions for
long-term care and respite.

Analyses were conducted using SAS v9.3 (SAS Institute,
Cary, NC).

RESULTS During the study period, we observed
4,875 persons with MS and 24,533 controls.
Seventy-one percent of both cohorts were female,
and the cohorts were well-matched with respect to
age at the index date (table 1). We focused on
hospitalizations after the index date, excluding those
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[ Table 1 Characteristics of the study population (2007-2011) ]

Characteristic General population (n = 24,533) MS population (h = 4,875) p Value
No. of hospitalizations 8,531 2,551
Any hospitalizations, n (%) 4,599 (18.7) 1,244 (25.5) <0.0001
Female sex, n (%) 17,570 (71.6) 3,498 (71.7) 0.054
Age at index date, y, mean (SD) 40.5 (12.2) 40.2 (12.0) 0.11
Age at first admission, y, mean (SD) 61.1 (14.7) 57.6 (13.9) <0.0001
Socioeconomic status at index date, n (%) 0.83
Quintile 1 (highest) 5,094 (20.8) 984 (20.2)
Quintile 2 5,544 (22.6) 1,092 (22.4)
Quintile 3 4,191 (17.1) 850 (17.4)
Quintile 4 5,534 (22.5) 1,124 (23.0)
Quintile 5 (lowest) 4,170 (17.0) 825 (16.9)
Socioeconomic status in 2007, n (%) 0.14
Quintile 1 (highest) 6,117 (24.9) 1,133 (23.2)
Quintile 2 5,583 (22.7) 1,127 (23.1)
Quintile 3 4,585 (18.7) 939 (19.3)
Quintile 4 6,083 (24.8) 1,242 (25.5)
Quintile 5 (lowest) 5,274 (21.5) 1,075 (22.0)
Comorbidity (5-year period prevalence)
No. (%) of comorbidities <0.0001
0 6,395 (26.1) 872(17.9)
1 6,583 (26.8) 1,128 (23.1)
2 6,176 (25.2) 1,234 (25.3)
3 5,049 (20.6) 1,133 (23.2)
24 6,238 (25.4) 1,592 (32.6)
Hypertension, n (%) 9,282 (37.8) 1,701 (34.9) <0.0001
Hyperlipidemia, n (%) 6,873 (28.0) 1,317 (27.0) 0.15
Diabetes, n (%) 3,415 (13.9) 626 (12.8) 0.046
Ischemic heart disease, n (%) 2,825 (11.5) 552 (11.3) 0.72
Fibromyalgia, n (%) 1,293 (5.3) 613 (12.6) <0.0001
Autoimmune thyroid disease, n (%) 3,897 (15.9) 843 (17.3) 0.016
Chronic lung disease, n (%) 5,604 (22.8) 1,309 (26.8) <0.0001
Migraine, n (%) 5,425 (22.1) 1,506 (30.9) <0.0001
Depression, n (%) 6,955 (28.3) 2,161 (44.3) <0.0001
Anxiety, n (%) 9,935 (40.5) 2,417 (49.6) <0.0001
Bipolar disorder, n (%) 1,177 (4.8) 402 (8.2) <0.0001

Abbreviation: MS = multiple sclerosis.

related to long-term care, respite, and pregnancy,
leaving 2,551 hospitalizations for analysis in the MS
population and 8,531 in the matched population.
Comorbidity was common in both cohorts
(table 1). Fibromyalgia, autoimmune thyroid disease,
chronic lung disease, migraine, depression, anxiety,
and bipolar disorder were all more common in the
MS population than in the matched population. In-
dividuals with any comorbidity were more likely to be
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female and older than those without comorbidity in

both populations (table 2).

Hospitalizations. The proportion of the MS popula-
tion who were hospitalized annually for any cause
was 7.11% in 2007 and declined to 6.42% in
2011."” The annual rate of hospitalizations also
declined slightly from 9.67 (95% CI 9.66-9.68)
per 100 person-years in 2007 to 8.58 (95% CI



[ Table 2 Characteristics of the study populations stratified according to the presence or absence of any comorbidity ]

General population (n = 24,533)

No comorbidity

Any comorbidity

Characteristic (n = 4,920) (h =19,613) p Value
Any hospitalizations, n (%) 356 (7.2) 4,243 (21.6) <0.0001
Female sex, n (%) 3,037 (61.7) 14,533 (74.1) <0.0001
Age at index date, mean (SD) 35.9 (11.0) 41.6(12.2) <0.0001
Age at first admission, mean (SD) 46.5 (16.2) 49.4 (16.3) 0.0013
Socioeconomic status, n (%) at 0.680
first admission

Quintile 1 (highest) 96 (27.0) 1,195 (28.2)

Quintile 2 83(23.3) 905 (21.3)

Quintile 3 55 (15.4) 693 (16.3)

Quintile 4 63(17.7) 828 (19.5)

Quintile 5 (lowest) 59 (16.6) 622 (14.7)

Abbreviation: MS = multiple sclerosis.

8.57-8.59) in 2011 (p = 0.0028 for linear trend).
From 2007 through 2011, 8.9% of hospitalizations
were MS-related, 3.7% were possibly MS-related, and
87.4% were not MS-related.

The proportion of the matched population who
were hospitalized was 4.73% in 2007 and remained
similar at 4.53% in 2011. The annual rate of hospital-
izations was 6.55 (95% CI 6.54-6.56) per 100
person-years in 2007 and 6.19 (95% CI 5.92-6.48)
in 2011 (p = 0.56 for linear trend).

Over the 5-year study period, the MS population
had a 1.5-fold higher hospitalization rate than the
matched population (unadjusted rate ratio [RR]
1.52; 95% CI 1.41-1.65). On average, the MS

MS population (n = 4,875)

No comorbidity Any comorbidity

(h = 674) (h = 4,201) p Value

97 (14.4) 1,147 (27.3) <0.0006

400 (59.3) 3,098 (73.7) <0.0006

37.5(12.0) 40.5 (12.0) <0.0001

37.4 (16.4) 44.3 (14.8) <0.0001
0.079

28 (28.9) 260 (22.7)

24 (24.7) 256 (22.3)

21 (21.6) 184 (16.0)

12 (12.4) 246 (21.4)

12 (12.4) 201 (17.5)

population was 3.5 years younger at the time of their
first hospital admission than the matched population.

Hospitalization rates were higher in men than
women (figure 1) and with increasing age and SES
(data not shown). After adjustment for age, sex, and
SES, the MS population still had a 1.5-fold higher
hospitalization rate than the general population (aRR

1.56; 95% CI 1.44—1.68).

Comorbidity and hospitalizations. When we evaluated
crude rates of all-cause hospitalizations, individuals
with any comorbidity had higher hospitalization
rates than those without any comorbidity in both
populations (figure 2). In the MS population,

Figure 1
from 2007 to 2011
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individuals with any comorbidity had a nearly 3-fold
increased rate of hospitalization (unadjusted RR 2.88;
95% CI 1.41-3.43). In the matched population,
however, any comorbidity was associated with a
nearly 6-fold increased rate of hospitalization
(unadjusted RR 5.57; 95% CI 5.04-6.16). We also
observed a dose-response relationship in which the
hospitalization rates increased with an increasing
number of comorbidities (data not shown).

Given the observed interaction between popula-
tion (MS vs matched) and the associations of comor-
bidity with all-cause hospitalization rates (p <
0.0001), we stratified the multivariable analyses by
population. After adjusting for sex, age, and SES,
any comorbidity was associated with increased all-
cause hospitalization rates in both populations but
the magnitude of the effect differed. Any comorbidity
was associated with a 2-fold increased risk of all-cause
hospitalizations (aRR 2.21; 95% CI 1.73-2.82, table
e-1) in the MS population vs a nearly 4-fold increased
risk in the matched population (aRR 3.85; 95%
CI 3.40-4.35).

To better compare the association of comorbidity
with hospitalizations in the MS population and the
matched population, we evaluated the association of
any comorbidity with non-MS-related hospitaliza-
tions. Any comorbidity was associated with a 2-fold
increased risk of non-MS-related hospitalizations
(aRR 2.50; 95% CI 1.88-3.27). The association of
any comorbidity with hospitalization rates in the
matched population was higher (aRR 3.85; 95% CI
3.40—4.35). After also adjusting for annual number of

physician visits, the associations between comorbidity
and hospitalization rates were attenuated in the MS
population (aRR 1.48; 95% CI 1.14-1.92) and in the
matched population (aRR 1.87; 95% CI 1.54-1.96).

Because of the observed association between any
comorbidity and hospitalization rates, we proceeded
to evaluate the association between the number of co-
morbidities and hospitalization rates. We observed a
dose-response relationship wherein all-cause and
non-MS-related hospitalization rates increased as
the number of comorbidities increased (table e-2),
but the dose-response relationship was steeper in
the matched population than in the MS population.
Although these differences persisted after further
adjustment for number of physician visits, they were
attenuated substantially (table e-3).

When we then evaluated the association of specific
comorbidities and hospitalization rates, hypertension,
diabetes, ischemic heart disease, chronic lung disease,
depression, and bipolar disorder were associated with
higher hospitalization rates in both populations
(table 3). However, we also observed several differ-
ences between the 2 populations. Although hyperlip-
idemia, thyroid disease, and migraine were associated
with higher rates of hospitalization in the matched
population, this was not observed in the MS popu-
lation. These differences persisted after adjusting for
number of physician visits (data not shown).

Comorbidity and MS-related hospitalizations. Comor-
bidity was not associated with rates of hospitalization
for MS-related reasons, regardless of how comorbidity

populations by comorbidity status from 2007 to 2011

Figure 2 Annual age-standardized hospitalization rates in the multiple sclerosis (MS) and matched 1
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Abbreviations: Cl = confidence interval; MS = multiple sclerosis.
2 Statistically significant, p < 0.05.

status was defined (tables e-1, e-2, and 3).
Adjustment for duration of MS did not alter the
findings, nor did defining MS-related admissions
solely by the primary discharge diagnosis (data not
shown). The findings were also unchanged when
we included admissions for long-term care and

respite (table e-4).

DISCUSSION Using population-based administrative
data, we found that at least one comorbidity affected
85.9% of the MS population and 77.3% of the
matched population. The psychiatric comorbidities
of depression and anxiety affected more than 50%
of the MS population over the study period.
Several physical comorbidities affected more 25%
of the MS population, including hypertension,
hyperlipidemia, chronic lung disease, and migraine.
In both populations, comorbidity was associated with

[ Table 3 Association between specific comorbidities and rates of hospitalization in the MS and matched populations ]
Matched population, all MS population, all MS population, non-MS- MS population, MS-related
hospitalizations hospitalizations related hospitalizations hospitalizations

Variable Rate ratio 95% CI Rate ratio 95% CI Rate ratio 95% CI Rate ratio 95% CI
Age, y
<40 1.0 1.0 1.0 1.0
40-59 1.15 0.98, 1.34 1.18 0.94,1.48 117 091, 1.49 1.22 0.72, 2.05
>60 1.41 1.19,1.67° 1.34 1.03,1.74° 1.39 1.05,1.83° 0.99 0.53,1.84
Sex
Female 1.0 1.0 1.0 1.0
Male 111 1.02,1.20° 1.10 0.95,1.30 111 0.95,1.31 0.87 0.58, 1.32
Socioeconomic status
Quintile 1 (highest) 1.0 1.0 1.0
Quintile 2 1.09 0.98,1.22 1.09 0.90, 1.33 112 0.92,1.37 0.84 0.44,1.61
Quintile 3 1.28 1.13,1.45° 1.29 1.03, 1.60? 1.30 1.04,1.63° 1.00 047,213
Quintile 4 1.55 1.38, 1.74? 1.48 1.20, 1.82* 1.50 1.21, 1.85° 119 0.64, 2.22
Quintile 5 (lowest) 1.76 1.59, 1.96* 1.52 1.24,1.872 1.50 1.21,1.85% 1.46 0.78,2.73
Comorbidity
Hypertension 1.83 1.68, 1.982 1.57 1.33, 1.85° 1.58 1.36, 1.86° 1.35 0.75, 2.43
Hyperlipidemia 1.16 1.08, 1.252 1.01 0.87,1.16 0.99 0.86,1.15 1.20 0.72,1.98
Diabetes 1.65 1.52, 1.80% 141 1.20, 1.672 1.49 1.25,1.772 0.99 0.55,1.78
Heart disease 2.30 2.11,2.512 1.94 1.62, 2.32° 2.01 1.67, 2.412 0.81 0.43,1.53
Fibromyalgia 1.23 1.09, 1.30? 1.21 0.99, 1.46 1.27 1.05, 1.532 0.64 0.34,1.20
Thyroid disease 1.19 1.09, 1.30? 0.94 0.79,1.12 0.95 0.80,1.14 0.79 047,131
Migraine 1.16 1.06, 1.272 0.92 0.77,1.09 0.94 0.80,1.11 0.78 0.43,1.43
Depression 1.32 1.21, 1.442 1.40 1.20, 1.64° 1.46 1.24,1.712 1.03 0.63, 1.67
Anxiety 1.19 1.10, 1.292 1.14 0.98, 1.33 117 0.99, 1.36 1.00 0.63,1.57
Bipolar disorder 1.42 1.24,1.63? 1.37 1.10, 1.72* 1.37 1.09, 1.712 1.18 0.55, 2.52
Chronic lung disease 1.41 1.31,1.53° 1.25 1.07,1.46° 1.29 1.11,1.50° 0.90 @38}, 1L

increased hospitalization rates, in a dose-response
relationship. In the MS population, comorbidity
was associated with increased rates of hospitalization
only for non-MS-related reasons.

We previously reported a declining rate of hospital-
izations in the Manitoba MS population over a 25-year
period ending in 2011."° This may reflect changes in
care, such as administration of relapse treatment in the
outpatient rather than inpatient setting, or increased
ascertainment of mild disease. As the delivery of health
care has shifted many aspects of care from the inpatient
to the outpatient setting, and chronic disease manage-
ment has improved for some conditions, hospitaliza-
tion rates in the general population have also declined
but less in the last few years.” Our findings are con-
sistent with these observations.

Consistent with expectations, the burden of
chronic disease and comorbidity was high in both
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populations studied. In the 2005 Canadian Commu-
nity Health Survey, one-third of Canadians had one
or more “high-impact” conditions, including hyper-
tension, heart disease, diabetes, chronic lung disease,
arthritis, cancer, and depression.”® The one-third of
Canadians with these conditions accounted for nearly
three-quarters of hospital days. Several studies suggest
that comorbidity is common in prevalent MS popu-
lations, and have consistently found that depression
and hypertension are the most frequent comorbid-
ities, as we observed in the present study.*

According to the Anderson Behavioral Model,
health care utilization is driven by predisposing fac-
tors (e.g., age, sex, SES), enabling or impeding factors
that influence access to services (e.g., universal access
in Manitoba), and the need for services (due to symp-
toms and illness).>! Consistent with this model and
findings in the general population,® we found that
older age was associated with increased risks of hos-
pitalization. Lower SES was also associated with
increased hospitalization rates in a dose-response rela-
tionship, again consistent with published findings.*?
After adjusting for the predisposing factors of age, sex,
and SES, comorbidity was associated with increased
hospitalization rates, and the risk of hospitalization
increased with the number of comorbidities in both
populations.

We observed several differences in the association
of comorbidity with hospitalizations between the MS
and matched populations. First, the presence of any
comorbidity conferred a greater risk of hospitalization
in the matched population than in the MS population
and the dose-response relationship between number
of comorbidities and hospitalization rates was not as
steep in the MS population as in the matched popu-
lation; in fact for 3 and 4 or more comorbidities the
RR was 40% lower in the MS population than in
the matched population. Second, some comorbidities
that were common in the MS population, such as
migraine and autoimmune thyroid disease, were asso-
ciated with hospitalizations in the matched popula-
tion but not the MS population. It is unlikely that
these differences were simply due to the smaller size
of the MS population and they were only partially
attenuated when we accounted for physician services
utilization. We can speculate as to why these differen-
ces were observed. Potential explanations include
increased ascertainment of (possibly milder) comor-
bidity in the MS population due to the increased
health care utilization occurring as a consequence of
MS-related care, improved care of comorbidity in
the MS population due to increased health care con-
tacts,®® or some misclassification of hospitalizations as
non-MS-related rather than MS-related.

In other chronic disease populations, such as con-
gestive heart failure and epilepsy, comorbidity confers
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an increased risk of hospitalization overall.>*%

Comorbidity may also increase the risk of disease-
specific hospitalizations. Further, psychiatric comorbid-
ity is associated with reduced adherence to treatment in
the general population,® and to disease-modifying ther-
apy in MS.%” Therefore, we had hypothesized that in
the MS population, comorbidity would increase hospi-
talization rates for MS-related and non-MS-related rea-
sons. Contrary to our hypothesis, comorbidity was
associated only with increased risks of non-MS-related
hospitalizations. We could not determine the specific
reasons for MS-related admissions but if most MS-
related hospitalizations were for relapses, our findings
would be consistent with recent observations that
dyslipidemia is not associated with relapses.?®?’
Since several studies suggest that comorbidity
adversely affects disability progression, comorbidity
may not have the same effects on all aspects of MS.
Alternatively, the adverse effects of comorbidity on
MS may not be severe enough to increase the risk of
hospitalization, or individuals with comorbidity and
MS may receive better care of their MS due to
increased health care contacts. Different comorbid-
ities than those studied might also have different
effects. This warrants further investigation.
Limitations of this study should be noted. We
lacked clinical data for both study populations regard-
ing functional status. We did not evaluate all possible
comorbidities but we evaluated the comorbidities
associated with adverse clinical outcomes in MS,
and those for which we had carefully validated admin-
istrative case definitions. We used area-based rather
than individual level measures of SES, but area-based
measures provide similar findings as individual level
measures when geographic units are small and capture
a homogenous population.* We did not evaluate out-
comes after hospitalization, but outcomes and the
influence of comorbidity on those outcomes deserve
investigation in future studies. Replication of our find-
ings in other jurisdictions is also needed. This study
had several strengths including the population-based
design, use of a matched cohort from the general pop-
ulation, and adjustment for age, sex, and SES, factors
most strongly associated with health care udlization.
In the MS population, comorbidity is associated
with an increased risk of all-cause hospitalizations,
suggesting that the prevention and management of
comorbidity may reduce hospitalizations. Comorbid-
ities of particular interest based on their prevalence
and associations with hospitalization include hyper-
tension, heart disease, diabetes, and psychiatric condi-
tions, for which effective therapies are available.
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