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Abstract

Background: In multiple sclerosis (MS), comorbidities
have been associated with disability progression and
an increased risk of mortality. We investigated the asso-
ciation between comorbidities and mortality in MS after
accounting for disability and health behaviors. Methods:
We followed North American Research Committee on
Multiple Sclerosis (NARCOMS) Registry participants
who completed the Fall 2006 survey on comorbidities
until death (reported or matched in the National Death
Index) or date of last follow-up in 2014. We used propor- ‘_
tional hazards regression to investigate the association

between comorbidities and mortality, controlling for de-
mographic, clinical, health behavior, and disability fac-

tors. Results: Of 9,496 participants meeting the inclusion criteria, 502 (5.3%) were deceased.
Most participants reported having =3 comorbid conditions (70.9% survivors, 76.9% dece-
dents). In individual regression models, vascular, visual, and mental comorbidities were associ-
ated with increased mortality risk after adjustment for factors associated with survival. When
combined into a single model, vascular (hazard ratio 1.269; 1.041-1.547), visual (1.490;
1.199-1.852), and mental comorbidities (excluding anxiety, 1.239; 1.024-1.499) remained
independently associated with an increased risk of mortality. Conclusions: Presence of comor-
bidities was independently associated with an increased risk of mortality as compared to absence
of comorbidities after adjusting for factors associated with survival. Specifically, vascular, visual,
and mental comorbidities increased the risk of mortality. This highlights the need for clinicians to
attend to these comorbidities, which can be modified by treatments or other interventions, and po-
tentially reduce the risk of mortality in persons with MS who have these conditions. Neurol Clin
Pract 2016;6:397-408

hile understanding about mortality in multiple sclerosis (MS) has been increas-
ing, many questions still remain.' Studies have used data from multiple sources
to compare the risk of mortality between the MS and general populations.
Several studies from around the world indicate that survival has improved in
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people with MS over time, but these improvements appear to parallel improvements in life
expectancy attained in the general population.”” Therefore, survival remains 6-7 years shorter
for individuals with MS than expected when compared to the general population.®” Strategies
to mitigate this survival gap would benefit from a better understanding of what factors con-
tribute to reduced survival, including potentially modifiable factors.

Factors reported to be associated with shorter survival (early mortality) include disability, comor-
bid health conditions, and health behaviors such as smoking and low levels of physical activity. How-
ever, most studies have not evaluated the joint role of all of these factors on mortality. Two
population-based studies have examined the effect of specific comorbidities on mortality. One of
the studies examined the effect of neurologic comorbidities on mortality and found an increased risk
of mortality associated with stroke, but did not control for health behaviors.® Using population-
based administrative data, the other study found comorbidity was associated with an increased risk
of mortality among persons with MS, but the risk conferred by comorbidities to persons with MS
was similar to that conferred to controls, and information regarding disability and health behaviors
was not available.® Therefore, we aimed to evaluate the association of different comorbidities on
mortality after accounting for factors already reported to be associated with shorter survival.

METHODS

North American Research Committee on Multiple Sclerosis
registry

The North American Research Committee on Multiple Sclerosis (NARCOMS) Registry is
a voluntary self-report registry for persons with MS developed by the Consortium of MS
Centers.” Participants may enroll by completing a questionnaire online or by mailing in
a questionnaire.” After enrollment, participants are asked to complete surveys semiannually,
on paper or online per their preference. The current study was restricted to those registry
participants who completed the Fall 2006 update special section on comorbidities. Addition-
ally, the respondents had to reside in the United States and have reported a year of birth and
age at symptom onset.

Standard protocol approvals, registrations, and patient consents
Participants agree to the use of their information for research purposes. The registry is approved
by the Institutional Review Board at the University of Alabama at Birmingham.

Clinical and demographic characteristics

The Patient Determined Disease Steps (PDDS) is a validated measure that correlates highly with
a physician-scored Expanded Disability Status Scale (EDSS).™ It is scored ordinally from 0 (nor-
mal) to 8 (bedridden), where a score of 0 approximates an EDSS score of 0, a score of 3
represents early gait disability without needing an assistive device and approximates an EDSS
score of 4.0—4.5, and scores of 4, 5, and 6 represent EDSS scores of 6-6.5. The cognitive
subscale (Cognition Performance Scale [CPS]) is a single item that is a part of the Performance
Scales and has been shown to have adequate convergent and divergent validity.'"'* The CPS is
used to assess cognition by having participants evaluate their cognitive status from 1 of 6 levels:
0 (normal), 1 (minimal), 2 (mild), 3 (moderate), 4 (severe), or 5 (total cognitive disability). The
CPS correlates strongly with the Perceived Deficits Questionnaire (» = 0.71, p < 0.0001), a 20-
item self-report questionnaire for cognition incorporated in the Multiple Sclerosis Quality of Life
Inventory."? Disease-modifying therapy (DMT) use was identified by searching enrollment and
update survey immunotherapy records for self-reported current or past use of any of the
following drugs: alemtuzumab, azathioprine, cyclophosphamide, daclizumab, dimethyl fumarate,
fingolimod, IV immunoglobulin, glatiramer acetate, interferon-B-1a (IM), interferon-f-1a (SC),
interferon-f3-1b, laquinimod, methotrexate, mitoxantrone, mycophenolate mofetil, natalizumab,
peginterferon-B-1a, rituximab, and teriflunomide. Education was included as a measure of
socioeconomic status with categories of <12 years, high school diploma, associate’s degree or
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Older age at onset, male sex, greater physical
disability, and cognitive impairment remained
associated with an increased risk of death.

technical degree, bachelor’s degree, and postgraduate degree. Smoking status was assessed using
validated questions from the Behavioral Risk Factor Surveillance System.'

Mortality

Briefly, for NARCOMS participants, death was determined by using the National Death Index
(NDI) to ascertain whether that person matched a decedent in the database of US deaths, or
was based on notification of death and date of death from the family of the deceased partici-
pant. The NDI was searched through December 31, 2009, and deaths after that date were
solely from reported registry status. More details on the NDI matching of participants are
reported elsewhere.”” The date of death was required for the deceased participant to be
included in the analysis. Respondents were considered to be alive if not reported as deceased,
and were censored at the date of their last follow-up through 2014.

Comorbidities

The Fall 2006 survey asked NARCOMS participants to report their comorbidity status
(presence/absence) using the following question format: “Has a doctor ever told you that
you have...2.”'® Respondents indicated the presence or absence of a comorbidity and, if
present, the year of diagnosis. The comorbidities were grouped into categories: vascular
(e.g., high cholesterol, hypertension, heart trouble, peripheral vascular disease, diabetes), auto-
immune (thyroid, rheumatoid arthritis, lupus, inflaimmatory bowel disease [IBD], Sjégren),
gastrointestinal (irritable bowel, IBD, liver, peptic ulcer), cancer (breast, lung, skin, colon,
rectal), visual (cataracts, glaucoma, uveitis), musculoskeletal (arthritis, fibromyalgia, hip replace-
ment, knee replacement, rheumaroid arthritis), and other (lung trouble, anemia, kidney, HIV)
as described previously,'” and to be consistent with other studies in MS."®"” Comorbidity status
was updated in subsequent surveys through 2014 in which respondents could indicate the
presence or absence of the comorbidity. If the comorbidity was newly reported in a survey
after Fall 20006, then the year of comorbidity diagnosis was assumed to be the year of the survey.
Additionally, for categories that had overlapping diseases, due to initially using the categories
independently, the participant was considered to fall into each comorbidity group.

Statistical analysis

The association of each comorbidity group with mortality was evaluated using univariate anal-
ysis followed by multivariable proportional hazards regression using time from MS symptom
onset as the time scale. The models accounted for left truncation of the data using the age
at entry into the NARCOMS registry. Time-independent covariates adjusted for in the model
included sex, smoking status in 2006 (never, current, or former), education (less than bache-
lor’s vs bachelor’s or higher), and age at symptom onset. Time-varying covariates used in the
models were the PDDS, CPS, and each comorbidity group as described above (yes/no). The
PDDS and CPS used for each respondent began with their enrollment survey and then any
subsequent responses through their last collected update survey (up to 2014).

Sensitivity analyses

To assess the effect of using NDI data for only 3 of the 8 years of the study period, we
conducted sensitivity analyses by repeating our analyses using only NDI data and follow-up
through 2009. Statistical analyses were conducted using SAS 9.4 (SAS Institute Inc.,
Cary, NC).
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RESULTS

019,927 participants who completed the comorbidity questions in the Fall 2006 survey, 9,639
reported a physician diagnosis of MS, resided in the United States, and had a date of birth and
symptom onset age for the time calculations. We identified 645 deaths, but 143 of these did
not have a date of death reported, leaving 502 (5.3%) deaths in the cohort. The decedents (n =
502) were more likely to be male, to be older at enrollment, and to have more disability
(table 1) than survivors (n = 8,994). The proportion reporting autoimmune, musculoskel-
etal, mental, and other comorbidities (table 1) was lower for the decedents. Only 5.5% of
survivors and 9.2% of decedents did not report a comorbidity (figure); therefore, we did not
compare the characteristics of participants with and without any comorbidity. Differences in
the demographic and clinical characteristics of participants with and without comorbidity by
comorbidity group are shown in table e-1 at Neurology.org/cp.

To evaluate the effect of the covariates on mortality, separate proportional hazards models
were constructed with and without the inclusion of disability measures (table 2). Men had an
increased risk of mortality, but some of this risk was attenuated when disability status was
included in the model, indicating that some of the risk of mortality for male participants was
accounted for by having higher levels of disability. As the age at symptom onset increased,
there was a slightly increased risk of mortality with and without the presence of disability.
There was no significant association between education level, DMT use, and smoking status
and the risk of mortality regardless of whether disability was included in the model. Increased
disability was associated with an increased risk of mortality, but this association was partially
attenuated after accounting for other covariates in the model.

As a whole, the model with all covariates excluding comorbid health conditions showed an
increased risk of mortality as the age at symptom onset increased (hazard ratio [HR] 1.087;
95% confidence interval [CI] 1.074-1.100), for male participants (HR 1.515; 95% CI
1.249-1.838), for those with greater self-reported cognitive impairment (HR 1.141; 95%
CI 1.059-1.229), and for those with greater physical disability (HR 1.354; 95% CI 1.280-
1.431). Smoking status was not independently associated with mortality (data not shown).

The proportional hazards models examining the effect of the individual comorbidities on
mortality had HRs consistent in magnitude and significance with the effects seen in the fully
adjusted covariate model describe above (table e-2). In individual models for each comorbidity,
adjusting for all covariates, the vascular (HR 1.368; 95% CI 1.128-1.659, p = 0.0015), visual
(HR 1.571; 95% CI 1.267-1.947, p < 0.0001), mental (HR 1.233; 95% CI 1.021-1.489,
» = 0.0293), and other (HR 1.275; 95% CI 1.039-1.564, p = 0.0198) comorbidities were
associated with an increased risk of mortality (table 3, full comorbidity model). Table 3 also
shows how the risk of mortality is affected by adjusting for different covariates for the
individual comorbidities. After including comorbidity and disability in the model, the risk
of mortality conferred by comorbidity increased, but after adjusting for the remaining cova-
riates, the effect of the comorbidity on the risk of mortality was reduced.

When the comorbidities associated with an increased risk of mortality were analyzed to-
gether along with covariates, the HRs for the comorbidities were attenuated (table 4). While
the associations between vascular and visual comorbidities with mortality remained signifi-
cant, the association between mental comorbidity and mortality did not. However, removing
anxiety from the mental comorbidity category resulted in the mental comorbidity continuing
to be associated with an increased risk of mortality in the joint comorbidity model (table 4,
model 6). Older age at onset, male sex, greater physical disability, and cognitive impairment
remained associated with an increased risk of death. Socioeconomic status and smoking status
were not associated with mortality.

When we repeated our analyses using only NDI data and follow-up through 2009, our find-
ings were similar for the multivariate analysis in the full comorbidity model for each comorbidity
group with the exception of the autoimmune and other comorbidity group (data not shown). The
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[ Table 1 Demographics and clinical characteristics of respondents

Sex, n (%)
Female
Male
Education, n (%)
High school or less
Associate or technical degree
Bachelor's degree
Graduate degree
Education, n (%)
Less than bachelor's degree
Bachelor’'s degree or higher
Race, n (%)
White
Other

Follow-up time in NARCOMS, median (25%,

75%)

Age at enrollment, y, mean (SD)

Age at symptom onset, y, mean (SD)

DMT use ever, n (%)

Enrollment PDDS, n (%)
Mild
Moderate
Severe

Enrollment cognition, n (%)
Normal (0)

Minimal (1)
Mild (2)
Moderate (3)
Severe (4)
Total (5)

Smoking status (in 2006), n (%)
Never smoked
Current smoker
Former smoker

Comorbidity, n (%)
Vascular
Gastrointestinal
Autoimmune
Cancer
Musculoskeletal

Visual

Neurology: Clinical Practice 1 October 2016

Survivors (n = 8,994)

6,983 (77.6)
2,011 (22.4)

3,274 (36.7)
1,513 (16.9)
2,383 (26.7)
1,764 (19.7)

4,787 (53.6)
4,147 (46.4)

8,296 (92.4)
687 (7.6)
12 (9, 14.5)

46.7 (9.8)
30.3(9.7)
8,019 (89.2)

3,294 (40.1)
2,748 (33.4)
2,182 (26.5)

1,855 (22.5)
2,927 (35.4)
1,655 (20.0)
1,314 (15.9)
460 (5.6)
51 (0.6)

4,045 (45.4)
1,561 (17.5)
3,298 (37.1)

6,105 (67.9)
1,387 (15.4)
3,743 (41.6)
1,165 (13.0)
3,541 (39.4)
2,231 (24.8)

Decedents (n = 502)

277 (55.2)
225 (44.8)

227 (45.4)
64 (12.8)
126 (25.2)
83 (16.6)

291 (58.2)
209 (41.8)

474 (94.4)
28 (5.6)
10 (8, 12.5)

55.6 (10.2)
32.0(11.5)
384 (76.5)

46 (9.6)
128 (26.7)
306 (63.87)

104 (21.7)
163 (34.0)
84 (17.5)
69 (14.4)
52 (10.8)
8(1.7)

230 (46.4)
79 (15.9)
187 (37.7)

333 (66.3)
74 (14.7)
153 (30.5)
65 (13.0)
168 (33.5)
135 (26.9)

Neurology.org/cp

p Value
<0.0001

0.0006

0.0438

0.0873

<0.0001

<0.0001

0.0002
<0.0001
<0.0001

<0.0001

0.6570

0.4712
0.6810
<0.0001
0.9975
0.0083
0.2927

Continued
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[ Table 1 Continued

Mental
Other

Survivors (n = 8,994) Decedents (n = 502) p Value
6,319 (70.3) 282 (56.2) <0.0001
3,451 (38.4) 168 (33.5) 0.0277

Abbreviations: DMT = disease-modifying therapy; PDDS = Patient Determined Disease Steps; NARCOMS = North American
Research Committee on Multiple Sclerosis.

402

autoimmune comorbidity group was significant (HR 1.574; 95% CI 1.154-2.072, p = 0.0035),
but was not when considered in the joint comorbidity model (HR 1.261; 95% CI 0.930-1.710,
2 = 0.1361). The other comorbidity category was not significant in the sensitivity analyses (HR
1.335; 95% CI 0.999-1.784, p = 0.0509). Additionally, in the joint comorbidity model, the
mental comorbidity group that included anxiety was significant (HR 1.328; 95% CI 1.028-
1.716, p = 0.0298) and the risk of mortality was increased for the mental comorbidity group
when anxiety was included (HR 1.403; 95% CI 1.086-1.814, p = 0.0097).

DISCUSSION

In this study of over 9,000 persons with MS, we evaluated the joint effects of physical and cog-
nitive disability, health behaviors, and comorbidity on mortality, going beyond earlier studies,
which have tended to look at many of these factors in isolation. We found that male sex, older
age at MS onset, increasing physical or cognitive disability, and comorbidity were indepen-
dently associated with mortality. Smoking, use of DMT, and socioeconomic status, as mea-
sured by education, were not associated with mortality.

Increasing physical disability was associated with increased mortality. This is consistent with
findings by previous reports.>*** We also found that greater cognitive impairment was asso-
ciated with increased mortality, independent of the effects of physical disability. The associ-
ation between cognitive impairment and mortality has been little studied in MS. A study

Figure Comorbidities reported by survivors and decedents (excluding the other comorbid
conditions category)
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[ Table 2 Effect of different covariate models on mortality

Cox proportional hazards models for covariate models,® hazard ratio (95% confidence interval)

Model 1

1.095 (1.083-1.108)
1.834 (1.523-2.209)
1.165 (0.969-1.400)

Model 2

1.095 (1.083-1.108)
1.839 (1.527-2.215)
1.165(0.970-1.401)

Model 3
Age at symptom onset
Sex, male

Education level, less than
bachelor's degree

Disease-modifying therapy 0.895 (0.714-1.122) 0.895 (0.714-1.122)

use, no
Smoking status

0.945 (0.728-1.226)
0.956 (0.784-1.166)

Cognition Performance = =
Scale

Current —

Former

Patient Determined Disease — =
Steps

1.087 (1.074-1.100)
1.515 (1.249-1.838)
1.033 (0.854-1.251)

0.950 (0.755-1.196)

0.894 (0.682-1.170)
0.926 (0.754-1.137)
1.141 (1.059-1.229)

1.354 (1.280-1.431)

Model 4

1.433(1.360-1.510)

2Covariates included in the models varied. Covariates that have a hazard ratio provided were included in the model.

looked at the effect of cognitive impairment in MS and did not find an independent
association with mortality,?® but the sample size in that study was small. The literature on
aging suggests that cognitive impairment confers an increased risk of mortality even among
those with cognitive impairment that does not reach the threshold for dementia.”>> Another
study found an increased risk of mortality (HR 1.70; 95% CI 1.32-2.19) in moderately to
severely cognitively impaired older primary care adults after controlling for demographic and
clinical characteristics.?* This issue warrants further study.

In multivariable models that adjusted for demographics and disability status, vascular, visual,
and mental comorbidity were associated with mortality. When the comorbidities were included
in the same model, mental comorbidity was no longer significant. Excluding anxiety from the
mental comorbidity changed this result. This observation appears to be in line with another
study, which found that while depression and bipolar disorder were associated with increased
risk of mortality, anxiety was protective of mortality.® While prior studies consistently suggest
an adverse association of comorbidity with mortality, findings regarding individual comor-
bidities have been inconsistent, possibly due to differences in the study populations examined,
types of data sources used, comorbidities considered, and covariates. In a cohort of 2,994 US
veterans, comorbidity, as measured using the Seattle Index of Comorbidity, was associated
with an increased risk of mortality; the effects of individual comorbidities were not consid-
ered. In an incident cohort of 1,713 persons with MS in the UK Clinical Practice Research
Database, in which data are drawn from primary care records, heart disease and cancer were
associated with mortality after adjustment for health behaviors, sex, year of birth, and MS
treatment, but depression, lung disease, diabetes, and hypertension were not. In a population-
based study of a prevalent MS cohort in Manitoba, Canada, that used administrative (claims)
data, diabetes (HR 1.47; 1.25-1.73), ischemic heart disease (HR 1.50; 1.28-1.75), depres-
sion (HR 1.62; 1.39-1.88), and chronic lung disease (HR 1.21; 1.03-1.42) were associated
with increased mortality in the MS population, while the effects of visual comorbidities were
not evaluated.® Further, health behaviors and disability status were not considered. In a north-
ern Finnish cohort, the authors evaluated the effect of neurologic comorbidities on mortality
in MS, and reported that stroke was associated with shorter survival.?
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[ Table 3 Effect of individual comorbidities on mortality using different covariates in the proportional hazards model

Vascular Gastrointestinal Autoimmune Cancer Musculoskeletal Visual Mental Other
Comorbidity only 1517 (1.261- 1.182(0.755- 1.104(0.901- 0.983(0.740- 1.206(0.985- 1.614(1.311- 1.151(0.961- 1.268(1.041-

1.826) 1.851) 1.353) 1.307) 1.477) 1.986) 1.379) 1.544)
Comorbidity and 1.578 (1.306- 1.270(0.801- 1.216(0.987- 0.953(0.714- 1.230(0.999- 1.732(1.401- 1.264 (1.050- 1.368(1.118-
PDDS 1.907) 2.011) 1.499) 1.272) 1.515) 2.141) 1.521) 1.676)
Comorbidity, 1.325(1.099- 1.252(0.799- 1.089(0.888- 0.894(0.671- 1.134(0.924- 1.446(1.173- 1.171(0976- 1.201 (0.986-
demographics,® and 1.597) 1.962) 1.337) 1.91) 1.391) 1.782) 1.405) 1.464)
smoking
Comorbidity, 1.290 (1.066- 1.319(0.841- 1.093(0.886- 0.891(0.665- 1.166(0.947- 1461 (1.181- 1.162(0.965- 1.202 (0.982-
demographics,® 1.561) 2.068) 1.348) 1.195) 1.435) 1.808) 1.401) 1.470)
smoking, and CPS
Full comorbidity 1.368 (1.128- 1.282(0.808- 1.175(0.950- 0.882(0.657- 1.167(0.945- 1571 (1.267- 1.233(1.021- 1.275(1.039-
model® 1.659) 2.033) 1.451) 1.184) 1.442) 1.947) 1.489) 1.564)

Abbreviations: CPS = Cognition Performance Scale; PDDS = Patient Determined Disease Steps.

Values are hazard ratio (95% confidence interval).

aDemographics include age at symptom onset, sex, education level, and disease-modifying therapy use.

> Full comorbidity model includes comorbid condition, age at symptom onset, sex, education level, disease-modifying therapy use, smoking status, CPS, and PDDS.
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Age at symptom
onset

Sex, male

Education level <
bachelor's degree

DMT use, no

Cognition
Performance Scale

PDDS
Smoking status
Current
Former
Vascular comorbidity
Visual comorbidity
Mental comorbidity

Mental comorbidity
(excluding anxiety)

Model 1

1.433 (1.360-1.510)

Model 2
1.092 (1.080-1.104)

1.850 (1.535-2.230)
1.159 (0.964-1.393)

0.935 (0.745-1.174)

0.905 (0.696-1.176)
0.942 (0.772-1.149)
1.254 (1.036-1.518)
1.380 (1.117-1.705)
1.105 (0.918-1.330)

Abbreviation: PDDS = Patient Determined Disease Steps.

Values are hazard ratio (95% confidence interval).

Model 3

1.447 (1.373-1.526)

1.429 (1.178-1.732)
1.615 (1.306-1.998)
1.149 (0.953-1.385)

[ Table 4 Proportional hazards models evaluating the effect of covariates in the joint comorbidity model®

Model 4
1.093 (1.080-1.106)

1.828 (1.510-2.213)
1.137 (0.941-1.373)

0.959 (0.761-1.209)
1.148 (1.065-1.238)

0.882 (0.675-1.152)
0.900 (0.734-1.104)
1.218 (1.001-1.481)
1.402 (1.130-1.739)
1.102 (0.911-1.332)

aCovariates included in the models varied. Covariates that have a hazard ratio provided were included in the model.

Model 5
1.082 (1.070-1.095)

1.524 (1.256-1.850)
1.022 (0.844-1.238)

1.099 (0.801-1.272)
1.138(1.057-1.226)

1.368 (1.294-1.447)

0.844 (0.643-1.107)
0.906 (0.737-1.113)
1.269 (1.041-1.547)
1.490 (1.199-1.852)
1.160 (0.958-1.405)

Model 6
1.082 (1.070-1.095)

1.528 (1.259-1.854)
1.027 (0.848-1.243)

1.010 (0.801-1.273)
1.138 (1.056-1.225)

1.369 (1.294-1.447)

0.843 (0.643-1.106)
0.908 (0.739-1.115)
1.259 (1.033-1.534)
1.486 (1.195-1.847)

1.239 (1.024-1.499)
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Smoking, use of DMT, and socioeconomic
status, as measured by education, were not
associated with mortality.

Information on the effect of smoking on mortality in patients with MS is limited. Four stud-
ies to date have examined this issue, 3 in the United Kingdom and one in a US Veterans pop-
ulation.?** Previous reports showed an association of current smoking with an increased risk
of mortality.?**® However, 2 of them did not include data on comorbid health conditions
while another” did not control for disability status. While a fourth study did control for
disability and comorbid health conditions, a summary index was used to measure comorbid-
ities, thus the effects of individual comorbidities were not elucidated.” The large proportion
of male and nonwhite participants in this Veterans cohort makes its observations less gener-
alizable to the overall MS population. Our study may have had a limited ability to detect an
effect of smoking status on mortality because we used smoking status from only one point in
time or because the registry had a low proportion of respondents who are current smokers.

This study had several strengths. We investigated mortality in a large sociodemographically
diverse cohort with a median of 12 years of longitudinal data. This allowed us to account for
changes in disability status over time, and the acquisition of comorbidities over time. Limita-
tions of the study should also be recognized. Participants are volunteers who may not fully rep-
resent the MS population, although the characteristics of our study population are similar to
those reported elsewhere.?*?! Participants self-reported their disability and comorbidities,
but the measures used have been validated previously.'®'*'® The ascertainment of death using
both the NDI data and the information reported by relations of the deceased participant
could be a source of ascertainment bias in this study. However, sensitivity analysis showed
that the conclusions were consistent for the comorbidity models using only the NDI death
data compared to those using all reported death data. While some deaths may have been
missed in the later time of follow-up, this would tend to bias our findings toward the null.

Comorbidity and physical and cognitive disability are independently associated with mor-
tality in MS. Comorbidities may be prevented or treated, including all of those associated with
mortality in our models. Future studies should evaluate whether changing health behaviors,
such as quitting smoking, achieving a healthy weight, and being physically active, may reduce
disability progression by reducing the risk of comorbidity. While effective pharmacotherapy
is lacking for cognitive impairment in MS, nonpharmacologic therapies are emerging.?>-*
Although we did not identify an effect of use of DMT on mortality, we did not take into
account when the DMT use occurred and this may have reduced our ability to detect a benefit
in our study population. Other studies have suggested such effects, however®; this indicates
the need for further research in this area.

Consideration of the effect of multiple comorbidities on MS is needed. A large proportion of
our study participants reported having multiple comorbidities and we showed that risk of mor-
tality is further increased in a person with both vascular and visual comorbidities. It is impor-
tant for clinicians to address these issues especially for those conditions that can be treated or
benefit from healthier lifestyle choices.
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